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Abstract  
Alzheimer’s disease is the most common cause of dementia. It is an increasingly serious global health 
problem and has a significant impact on individuals and society. However, the precise cause of Alzheimer’s 
disease is still unknown. In this study, 11,748 Web-of-Science-indexed manuscripts regarding Alzheimer’s 
disease, all published from 2015 to 2019, and their 693,938 references were analyzed. A document co-cita-
tion network map was drawn using CiteSpace software. Research frontiers and development trends were 
determined by retrieving subject headings with apparent changing word frequency trends, which can be 
used to forecast future research developments in Alzheimer’s disease.
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Introduction 
In 1906, Alois Alzheimer, a German psychiatrist, described 
the first case of Alzheimer’s disease (AD) in a 50-year-old 
woman. Alois Alzheimer continued to track her progress 
until the patient died in 1906 (Alzheimer, 1907). AD is char-
acterized by the widespread distribution of neuronal tangles 
and amyloid plaques in the brain, accompanied by astrocyte 
proliferation, cerebral atrophy, neuronal loss, and vascular 
changes (Berchtold and Cotman, 1998; Fan et al., 2014). 
AD is clinically defined as a progressive neurodegenerative 
disease. Most patients have symptoms such as memory loss, 
executive dysfunction, and behavioral changes. Cognitive 
impairment gets progressively worse over the duration of the 
disease (Smits et al., 2011). As the global population ages, 
AD incidence is increasing, and this not only endangers the 
health of the elderly, but also places a heavy burden on the 
family and society. AD has therefore attracted wide attention 
as a focus of research.

There are two types of AD: familial and sporadic AD. Both 
have clinical and pathological similarities, and manifest as 
progressive cognitive dementia with the development of 
senile plaques composed of amyloid beta peptide and neu-
rofibrillary tangles composed of phosphorylated tau protein 
(Lee et al., 2011; Young and Goldstein, 2012). Axonal trans-
port defects, synaptic loss, and selective neuronal death are 
other cellular phenotypes that are shared by both familial 
and sporadic AD (Young and Goldstein, 2012).

Familial AD refers to a family with two or more genera-
tions of members suffering from AD. Traceable family mem-
bers include three or more patients, and the age of onset is 
earlier than 60 years, which accounts for approximately 5% 
of all AD patients. In 1991, researchers discovered a muta-
tion in exon 17 of the amyloid precursor protein (APP) gene, 

on chromosome 21, in early-onset familial AD patients. 
Since then, the study of AD has entered a new field of mo-
lecular genetics. Familial AD is caused by high permeability 
mutations in PS1, PS2, and APP genes, as well as by rare 
autosomal mutations. The APP protein is the basis of central 
nervous system function, and its roles include synapse for-
mation, neurogenesis, axonal transport, signal transduction, 
and neural plasticity (Holtzman et al., 2011; Brunholz et 
al., 2012; Lazarov and Demars, 2012; Young and Goldstein, 
2012; Abud et al., 2017; Arber et al., 2017). 

Sporadic AD generally occurs in patients over 65 years 
old. Besides age, risk factors for sporadic AD include car-
diovascular disease, low education, depression, and having 
the apolipoprotein E4 (ApoE4) haplotype (Duncan and 
Valenzuela, 2017). Although there are no clear dominant or 
recessive sporadic AD mutations, many genetic variants have 
been identified and this disease has strong heritable compo-
nents (Avramopoulos, 2009; Young and Goldstein, 2012). 
Therefore, sporadic AD has a multifactorial origin, which is 
partly caused by complex genetic characteristics and partly 
influenced by environmental factors and their interactions 
(Duncan and Valenzuela, 2017). 

Since Alois Alzheimer reported the first case of AD in 
1906, many studies have been conducted and our under-
standing of AD pathogenesis has made great progress; how-
ever, there is still no disease-modifying treatment for AD.

CiteSpace is a web-based Java application for data analysis 
and visualization (Chen, 2004). It is a unique and influen-
tial application software in the field of information visual-
ization analysis. CiteSpace software includes co-citations, 
co-authors, and co-occurrence keywords (Chen, 2013), 
which helps to provide direction in analysis of a research 
area. CiteSpace has three core concepts: burst detection, 
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betweenness centrality, and heterogeneous networks. These 
concepts can solve three practical problems: identifying the 
nature of research frontiers, marking keywords, and identi-
fying emerging trends and sudden changes in time (Chen, 
2006). The main procedural steps of CiteSpace software are 
time slicing, thresholding, modeling, pruning, merging, 
and mapping (Chen, 2004), and the main source of input 
data for CiteSpace is the Web of Science database. CiteSpace 
can identify frontier areas of current research by extracting 
burst terms from identifiers of titles, abstracts, descriptors, 
and bibliographic records. CiteSpace also makes it easier for 
users to recognize key points by identifying nodes with high 
betweenness centrality (Freeman, 1978). To stand out in 
the visual network, the key points of the software interface 
are highlighted with a purple ring (Chen, 2006). A useful 
indicator of how different clusters are connected is by using 
a type of nodes with high betweenness centrality scores. In 
CiteSpace, betweenness centrality scores are normalized 
to the unit interval of [0, 1]. A node of high betweenness 
centrality is usually one that connects two or more large 
groups of nodes with the node itself in between, hence the 
term “betweenness”. CiteSpace highlights nodes with high 
betweenness centrality using purple trims. The thickness of 
a purple betweenness centrality trim indicates how strong 
its betweenness centrality is; the thicker the trim, the stron-
ger the betweenness centrality. Based on the duality of time 
variables between research frontiers and knowledge bases, 
CiteSpace explores the dynamic mechanism of disciplinary 
development through time mapping from the research 
frontier to the knowledge base (Chen, 2006). CiteSpace II 
displays the development trend of a discipline or knowledge 
domain in a certain period of time in an intuitive visual 
form, and analyzes the evolution of several research frontier 
fields. This study investigates the research trends and causes 
of AD development based on CiteSpace’s document visual-
ization analysis.
  
Data and Methods    
Data collection
The data for bibliometric analysis came from Clarivate An-
alytics’s Web of Science Core Collection, which included 
SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BK-
CI-S, BKCI-SSH, ESCI, CCR-EXPANDED, and IC. The first 
article on AD in the Web of Science database was published 
in German by Heilbronner (Heilbronner, 1900). Since the 
1990s, the number of AD-related studies has clearly in-
creased. Since 1990, the SCI database has added 110,339 AD 
studies. To explore the latest research trends in AD, we used 
the Web of Science to retrieve AD-related studies published 
from 2015 to 2019. The index term included “Alzheimer’s 
disease” OR “Alzheimer disease”. Thus, 30,061 studies were 
found, including 11,748 research originals and reviews, 
which contained 693,938 references. The search records 
were exported to CiteSpace for further analysis. Studies were 
downloaded on January 29, 2019. Each downloaded study 
included the authors, title, abstract, and descriptors and 
identifiers. 

Inclusion criteria
Inclusion criteria were: (1) Peer-reviewed published original 
articles on AD, including basic and clinical research; (2) re-
views on AD; (3) articles published from 2015 to 2019; and 
(4) articles retrieved from the Web of Science.

Exclusion criteria 
Exclusion criteria were: (1) articles collected by hand and 
telephone; (2) articles not officially published; (3) conference 
abstracts and proceedings, corrigendum documents; (4) re-
peated publications; and (5) unrelated articles.

Quality assessment
English articles that met the inclusion criteria and were “ar-
ticles” or “reviews” were included in the analysis.

Results and Discussion
Publication years and journals
In 1906, German psychiatrist Alois Alzheimer described 
the first case of AD. However, this description did not at-
tract the attention of the medical community at the time. In 
1910, Alzheimer’s boss and research partner Emil Kraepe-
linz officially named this disease “AD” in the Handbook of 
Psychiatry. From that point on, more research into AD was 
published, and by 1990, a total of 300 AD manuscripts were 
indexed. In the 1990s, the number of research articles on 
AD began to increase rapidlly. In 1991, Goate et al. reported 
a missense mutation in the APP gene in a case of familial 
AD, and Strittmatter et al. discovered the AD-related gene 
ApoEε4 in 1993. In 1995, Games et al. established the first 
transgenic mice to express high levels of human mutant APP, 
which progressively develop the hallmarks of AD. In 1999, 
Vassar et al. located and cloned β-secretase, and Petersen et 
al. proposed the concept of “mild cognitive impairment”. The 
same year, Schenk et al. reported that immunization with 
amyloid-beta attenuates Alzheimer-disease-like pathology 
in the PDAPP mouse model. These important findings have 
promoted research into AD. Since 1990, the SCI database has 
included 110,339 AD manuscripts, and increasing attention 
has been paid to AD (Figure 1). The ten journals with the 
largest number of published AD studies are listed in Table 1; 
these can provide important references for new researchers. 

Articles about AD are distributed over hundreds of jour-
nals. Journal of Alzheimer’s Disease ranked first in the num-
ber of published articles (2218). It is a professional journal 
designed to promote the understanding of the etiology, 
pathogenesis, epidemiology, genetics, behavior, treatment 
and psychology of AD. The journal has been indexed by 
Web of Science since 2001, and has 6751 publications, with 
114,506 citations. Its h-index is 107 and the average number 
of citations per article is 16.96. The second-ranked journal 
was Neurobiology of Aging (686 articles). This journal focuses 
on the mechanisms of nervous system changes with age or 
diseases associated with age. The journal has been indexed 
by Web of Science since 1980, and has 6176 publications, 
which have been cited 220,858 times. Its h-index is 168, and 
the average number of citations per article is 35.76.  
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Co-authorship
Studies published from 2015 to 2019 were chosen with a 
time slice of 1 year for the analysis, and the selection crite-
ria were the top 50% per slice. The co-authorship network 
is displayed in Figure 2. The size of the circle represents 
the number of studies published by the author. The short-
er the distance between two circles, the more cooperation 
between the two authors. The color of the circle represents 
the author of the same cluster. Blue nodes represent earlier 
published studies, while yellow nodes represent more recent-
ly published studies. Observing Figure 2, it is immediately 
apparent that many authors tend to collaborate with a rela-
tively stable group of collaborators to generate several major 
author clusters, and each cluster usually contains two or 
more core authors. Figure 2 demonstrates that the most rep-
resentative author in the field of AD is Alzheimer’s Disease 
Neuroimaging Initiative with a total of 394 published stud-
ies, followed by David M. Holtzman and Kaj Blennow. This 
analysis can provide highly personalized scientific research 
information for other researchers. 

Alzheimer’s Disease Neuroimaging InitiativeI researchers 
collect, validate and utilize data, including MRI and PET im-
ages, genetics, cognitive tests, and CSF and blood biomark-
ers as predictors of AD. Institutional members come from 63 
locations in the USA and Canada. The Alzheimer’s Disease 
Neuroimaging Initiative is a group author in articles, and in 
2008 their first article was included in the Web of Science. 
Since then, a total of 319 articles, with 7406 citations can be 
found in the Web of Science. Their h-index is 46 and their 
average number of citations per article is 23.22. 

Co-institute
Two authors’ institutes appear in the same article as one 
cooperation. CiteSpace software mainly judges coopera-
tion based on the co-occurrence frequency matrix. Studies 
published from 2015 to 2019 were chosen with a time slice 
of 1 year for the analysis, and the top 50 most-cited or -oc-
curring items were chosen from each slice. Figure 3 exhibits 
co-institutes in the field of AD. Nodes represent institutes, 
and the size of each node corresponds to the co-occurrence 
frequency of the institutes. The size of the circle represents 
the number of papers published by the institute. The shorter 

the distance between two circles, the greater the cooperation 
between the two institutes. Purple rings indicate that these 
institutes have greater centrality (no less than 0.1). Universi-
ty College London in the UK has published the largest num-
ber of studies (533), followed by the University of California, 
San Francisco in the USA (518) and the Karolinska Institutet 
in Sweden (508). 

Co-country 
Studies published from 2015 to 2019 were chosen with a 
time slice of 1 year for the analysis, and the top 50 most-cit-
ed or -occurring items were chosen from each slice. Figure 
4 displays co-country results in AD research. The size of 
the circle represents the number of papers published by the 
country. The shorter the distance between two circles, the 
greater the cooperation between the two countries. 

Co-occurring keywords analysis
Co-occurring keywords reflect research hotspots in the field 
of AD. Studies published from 2015 to 2019 were chosen 
with a time slice of 1 year for CiteSpace analysis. The top 50 
most-cited or -occurring items were chosen from each slice. 
In Figure 5, nodes represent keywords, and the size of each 
node corresponds to the co-occurring frequency of the key-
words. The color of the lines that appear together between 
keywords indicates chronological order: blue represents the 
oldest, and orange the newest. The maximum frequency 
was of “microglia” at 8, followed by “insulin”, “genetics”, and 
“neuropathology”. Most nodes marked with purple circles 
represent good betweenness centrality, and that these key-
words are important. In other words, these nodes represent 
emerging trends in the field of AD, with the strongest bursts. 
Figure 5 was sorted by time zone to obtain Figure 6, which 
shows the historical process of AD research. 

Document co-citation analysis
11,748 studies were analyzed using CiteSpace software. Stud-
ies published from 2015 to 2019 were chosen with a time 
slice of 1 year for the analysis, and the most-cited or -occur-
ring items were chosen from each slice. A document co-cita-
tion network map is displayed in Figure 7, and contains 132 
unique nodes, 615 lines, and 9 main clusters. The modularity 
Q was 0.5072 and the average value was 0.6617. These nodes 
and lines represent the relationship between references and 
co-citations of the collected studies, respectively. The more 
cited the study, the larger the node. The color and thickness 
of the circle in the node indicate the citation frequency at 
different time periods. Line colors correspond directly to the 
time slice, meaning that cold colors represent earlier years, 
while warm colors represent more recent years. For example, 
purple lines represent studies co-cited in 2006. Recent co-ci-
tation is visualized using yellow or orange lines. The modu-
larity Q and subject contour are two indicators for evaluating 
clusters. Q > 0.3 means that the network is very important, 
and outline > 0.5 means that the clustering results are rea-
sonable. The citation year ring represents the citation history 
of this study; the color of the citation ring represents the cor-

Table 1 Top 10 most productive journals

Journals Impact factor
Number of published 
papers

Journal of Alzheimer’s Disease 3.476 2218
Neurobiology of Aging 4.454 686
Scientific Reports 4.122 665
Plos One 2.766 663
Frontiers in Aging Neuroscience 3.582 496
Alzheimer’s & Dementia 12.764 455
Current Alzheimer Research 3.289 438
Molecular Neurobiology 5.076 387
Alzheimer’s Research & Therapy 5.015 307
Frontiers in Neuroscience 3.877 252
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Figure 2 Co-authorship of Alzheimer’s disease research. 
The most representative author is the Alzheimer’s Disease Neuroimag-
ing Initiative. 

Figure 1 Time sequence of relevant papers 
on Alzheimer’s disease published from 1991 
to 2019 in Web of Science.

Figure 3 Co-institutes in the field of Alzheimer’s disease.
University College London from United Kingdom publishes the largest 
number of studies. 

Figure  4 Co-countries in the field of Alzheimer’s disease.

Figure 5 Analysis of co-occurring keywords in Alzheimer’s disease 
research.
Microglia is the focus of research. 

responding citation time. The thickness of an annual ring is 
proportional to the number of citations in a time zone. 

The top-ranked item by citation counts is Mckhann et al. 
(2011) in Cluster 6 with a citation count of 2192, followed by 
Albert et al. (2011) in Cluster 2 with a citation count of 1285, 
Sperling et al. (2011) in Cluster 6 with a citation count of 
1155, and Querfurth and LaFerla (2010) in Cluster 4 with a 
citation count of 910. 

McKhann et al. (2011) reported that The National Institute 
on Aging and the Alzheimer’s Association jointly revised 
the 1984 AD standards. It is hoped that the revised stan-
dards are flexible enough for general healthcare providers, 
clinical trial designers, or participants without neuropsycho-
logical testing, advanced imaging, and cerebrospinal fluid 
measurements. McKhann et al. proposed criteria for all-
cause dementia and AD dementia, and retained the general 
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framework of probable AD dementia from the 1984 criteria. 
These authors made some changes in the clinical criteria for 
diagnosis and retained the term “possible AD dementia”, but 
redefined it in a more centralized way than before. Biomark-
er evidence has also been integrated into diagnostic formu-
lations for the study of environmental causes and possible 
AD dementia. Core clinical criteria of AD will continue to 
be the cornerstone of clinical practice, but biomarker evi-
dence is expected to enhance pathophysiological specificity 
when diagnosing AD. Since the revised AD standards were 
published, Albert et al. (2011) and Sperling et al. (2011) have 
separately published two studies to interpret the revised AD 
standards. Albert et al. (2011) verified two sets of criteria: (1) 
core clinical criteria for healthcare providers without access 
to advanced imaging techniques or cerebrospinal fluid anal-
ysis, and (2) research criteria for clinical research settings, 
including clinical trials. The second set of criteria involves 
the application of biomarkers on the basis of imaging and 
cerebrospinal fluid measures. According to the presence 
and nature of the biomarker findings, the final set of criteria 
for AD-induced mild cognitive impairment has four levels 
of certainty. Considerable work is required to validate the 
criteria that use biomarkers, and to standardize biomarker 
analysis for further use in community settings. Sperling et 
al. (2011) considered that the pathophysiological process of 
AD begins many years before a diagnosis of AD dementia. 
This long “pre-clinical” phase of AD will provide critical op-
portunities for therapeutic intervention. Based on the main-
stream scientific evidence to date, Sperling et al. proposed 
conceptual frameworks and operational criteria to test and 
improve these models through longitudinal clinical stud-
ies. However, these recommendations are only for research 
purposes and do not currently have any clinical signifi-
cance. It is hoped that these recommendations can provide 
a common indicator to advance preclinical AD research and 
ultimately improve early intervention in AD, when certain 
disease-modulating therapies may be most effective. Quer-
furth and LaFerla (2010) summarized the research into AD 
from many angles, including abnormal beta-amyloid and 
tau, synaptic failure, neurotrophin and neurotransmitter 

depletion, and mitochondrial dysfunction (including oxi-
dative stress, insulin signaling pathway disorders, vascular 
effects, inflammation, calcium and axonal transport defects, 
aberrant cell-cycle reentry, and cholesterol metabolism dis-
orders). Querfurth and LaFerla hypothesized that AD is not 
a single linear chain of events, and that some changes are not 
pathological and may in fact be protective. Therefore, as is 
currently used for other polygenic diseases, there is a need to 
develop multi-target approaches for the prevention or symp-
tomatic treatment of AD. 

A document co-citation analysis of AD research produced 
10 co-citation clusters, which were marked by indexed terms 
from their own citations. To characterize the nature of this 
clustering, CiteSpace can extract noun phrases from the 
titles of articles citing clustering based on three special in-
dicators - term frequency by inverted document frequency, 
log-likelihood ratio, and mutual information. Log-likelihood 
ratio usually provides the best results in terms of uniqueness 
and coverage of topics associated with clustering. Table 2 
summarizes the details of 11 clusters. The contour value of 
each cluster is greater than 0.9, which indicates reliable and 
meaningful results. According to the document co-citation 
cluster markers, it can be observed that scholars and experts 
use different technical means to study the generation, diag-
nosis, and treatment of AD. Combined with highly cited pa-
pers, biomarker diagnosis of AD is at the frontier of current 
research. The proteomics, cytology, pathology, and genetics 
of AD have been studied horizontally and deeply.

Emerging trends
Articles with citation bursts show a significant increase in 
research interest in the field of AD. Table 3 lists the 13 stron-
gest references from 2015 to 2019.

The first five references highlight the emerging trend of 
AD research in 2015, while the middle three references 
highlight the emerging trend for 2016–2017. The last five 
references were those which received great attention in 2017 
and continued to 2019, and which is the focus of current AD 
research. Reitz et al. (2011) outlines the criteria used in AD 
diagnosis, highlighting that AD is associated with normal 

Figure 6 Recurring Alzheimer’s disease research after Figure 5 data 
are sorted into chronological order. Figure 7 Document co-citation analysis in Alzheimer’s disease re-

search. 
Mckhann et al. (2011) has the largest number of citations. 
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aging, but is different from normal aging. Reitz et al. also 
summarized the latest information on AD prevalence, inci-
dence, and risk factors, and reviewed biomarkers that could 
be used for risk assessment and diagnosis. The Alzheimer’s 
Association report (Thies, 2013) provides information to 
increase the understanding of AD’s impact on public health, 
including incidence, morbidity, mortality, and health ex-
penditures and care costs, as well as its impact on nursing 
staff and on society as a whole. It also explores the role and 
unique challenges of long-distance nurses, and interventions 
concerning these challenges. Harold et al. (2009) and Lam-
bert et al. (2009) showed that the gene encoding apolipopro-
tein E on chromosome 19 is the only identified susceptibility 
locus for late-onset AD, and Lambert et al.’s large-scale ge-
nome-wide studies showed that two loci, CLU rs11136000 
and CR1 rs6656401, gave replicated evidence of association. 
Shankar (2008) hypothesized that soluble beta-amyloid 
oligomers extracted from the AD brain effectively impair 
synaptic structure and function, and that dimers are the 
smallest synaptotoxic species. 

The size of the cited burst value was used to measure the 
innovation of the research results, and is the frontier “foot-
print”. The larger the burst value, the greater the innovation 

of the research outcomes, representing the frontier of this re-
search field. The references with high burst values are shown 
in Table 4.

The highest-ranked study was by Selkoe and Hardy (2016) 
in Cluster 4, with a burst value of 87.3. The study ranked 
number 2 was by Shankar et al. (2008) in Cluster 4, with a 
burst value of 74.98. The third-ranked study was by Sevigny 
et al. (2016) in Cluster 5, with a burst value of 53.22. Sevigny 
et al. (2016) verified that aducanumab, a human monoclonal 
antibody that selectively targets aggregated beta amyloid, 
can reduce beta-amyloid plaques in AD. Hebert et al. (2013) 
predicted the prevalence of AD (2010–2050) using the 2010 
U.S. census. They proposed that the total number of people 
with AD dementia in the U.S. is expected to be 13.8 million 
by 2050, of whom 7 million will be aged 85 years or older. 
Thus, unless precautions are taken, the number of people with 
AD dementia in the United States will increase dramatically 
over the next 40 years. Gorelick et al. (2011) demonstrated 
the importance of blood vessels in cognitive impairment and 
dementia, and long-term vascular risk marker interventional 
studies may be needed as early as middle age to prevent or 
delay the onset of vascular cognitive impairment and AD. The 
enhancement and reduction of vascular risk factors in the 

Table 2 The largest 11 clusters of Alzheimer’s disease document co-citation, identified by subject headings

Cluster ID Size Silhouette Mean (cite Year) Label (LSI) Label (LLR) Label (MI)

0 16 0.914 2012 Subjective cognitive decline Biomarkers Arterial stiffness 
1 16 0.903 2012 Neurodegeneration tau Arterial stiffness 
2 15 0.728 2013 Neuroinflammation Neuropathology abcc8 
3 13 0.999 2011 Innate immunity Microglia Arterial stiffness 
4 13 0.91 2014 Amyloid beta peptides Excitotoxicity a beta 42 monomers  
5 12 0.866 2014 Alzheimer’s disease Insulin Amyloid disorders 
6 11 1 2011 Subjective cognitive decline Mild cognitive impairment Arterial stiffness 
7 10 0.972 2014 Mild cognitive impairment Dementia Arterial stiffness 
8 9 0.95 2011 Genetics Genetics Arterial stiffness 
9 9 0.929 2013 Neuroinflammation Vascular cognitive impairment Arterial stiffness 
10 6 0.923 2014 Neurotoxicity Immunotherapy Biomarker enrichment strategy 

LSI: Latent semantic indexing; LLR: log-likelihood ratio; MI: mutual information.

Table  3 The top 13 references with the strongest citation bursts

References Year Strength Begin End 2015–2019 

REITZ C, NAT REV NEUROL (Reitz et al., 2011) 2011 33.0973 2015 2016 ▃▃▂▂▂ 
THIES W, ALZHEIMERS DEMENT (Thies, 2013) 2013 53.2197 2015 2016 ▃▃▂▂▂ 
HAROLD D, NAT GENET (Harold et al., 2009) 2009 17.9424 2015 2016 ▃▃▂▂▂ 
LAMBERT JC, NAT GENET (Lambert et al., 2009) 2009 14.6909 2015 2016 ▃▃▂▂▂ 
SHANKAR GM, NAT MED (Shankar et al., 2008) 2008 74.9801 2015 2016 ▃▃▂▂▂ 
GORELICK PB, STROKE (Gorelick et al., 2011) 2011 34.1873 2016 2017 ▂▃▃▂▂ 
PALOP JJ, NAT NEUROSCI (Palop and Mucke, 2010)  2010 9.704 2016 2017 ▂▃▃▂▂ 
HEBERT LE, NEUROLOGY (Hebert et al., 2013) 2013 34.4061 2016 2017 ▂▃▃▂▂ 
PRINCE M, WORLD ALZHEIMER REPO (Prince, 2015) 2015 31.5408 2017 2019 ▂▂▃▃▃ 
SCHELTENS P, LANCET (Scheltens et al., 2016) 2016 50.9821 2017 2019 ▂▂▃▃▃ 
CUMMINGS JL, ALZHEIMERS RES THER (Cummings et al., 2014) 2014 28.8266 2017 2019 ▂▂▃▃▃ 
SELKOE DJ, EMBO MOL MED (Selkoe and Hardy, 2016) 2016 87.2972 2017 2019 ▂▂▃▃▃ 
SEVIGNY J, NATURE (Sevigny et al., 2016) 2016 45.5145 2017 2019 ▂▂▃▃▃ 



1649

Liu S, Sun YP, Gao XL, Sui Y (2019) Knowledge domain and emerging trends in Alzheimer’s disease: a scientometric review based on CiteSpace 
analysis. Neural Regen Res 14(9):1643-1650. doi:10.4103/1673-5374.255995

Copyright license agreement: The Copyright License Agreement has 
been signed by all authors before publication. 
Data sharing statement: Datasets analyzed during the current study are 
available from the corresponding author on reasonable request. 
Plagiarism check: Checked twice by iThenticate. 
Peer review: Externally peer reviewed. 
Open access statement: This is an open access journal, and articles 
are distributed under the terms of the Creative Commons Attribu-
tion-Non-Commercial-ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non-commercially, as long as 
appropriate credit is given and the new creations are licensed under the 
identical terms. 

References
Abud EM, Ramirez RN, Martinez ES, Healy LM, Nguyen CHH, New-

man SA, Yeromin AV, Scarfone VM, Marsh SE, Fimbres C, Caraway 
CA, Fote GM, Madany AM, Agrawal A, Kayed R, Gylys KH, Cahalan 
MD, Cummings BJ, Antel JP, Mortazavi A (2017) iPSC-derived 
human microglia-like cells to study neurological diseases. Neuron 
94:278-293 e279.

Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, 
Gamst A, Holtzman DM, Jagust WJ, Petersen RC, Snyder PJ, Carril-
lo MC, Thies B, Phelps CH (2011) The diagnosis of mild cognitive 
impairment due to Alzheimer’s disease: recommendations from the 
National Institute on Aging-Alzheimer’s Association workgroups on 
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement 
7:270-279.

Alzheimer A (1907) Über eine eigenartige Erkrankung der Hirnrinde. 
Allgemeine Zeitschrift für Psychiatrie und Psychisch-Gerichtlich 
Medizin 64:146-148.

Arber C, Lovejoy C, Wray S (2017) Stem cell models of Alzheimer’s dis-
ease: progress and challenges. Alzheimers Res Ther 9:42.

Avramopoulos D (2009) Genetics of Alzheimer’s disease: recent ad-
vances. Genome Med 1:34. 

Berchtold NC, Cotman CW (1998) Evolution in the conceptualization 
of dementia and Alzheimer’s disease: Greco-Roman period to the 
1960s. Neurobiol Aging 19:173-189.

Brunholz S, Sisodia S, Lorenzo A, Deyts C, Kins S, Morfini G (2012) 
Axonal transport of APP and the spatial regulation of APP cleavage 
and function in neuronal cells. Exp Brain Res 217:353-364.

Chen C (2004) Searching for intellectual turning points: progressive 
knowledge domain visualization. Proc Natl Acad Sci U S A 101 Suppl 
1:5303-5310.

Chen C (2006) CiteSpace II: detecting and visualizing emerging trends 
and transient patterns in scientific literature. J AM Soc Inf Sci Tec 
57:359-377. 

Chen C, Chen Y, Horowitz M, Hou H, Liu Z, Pellegrino D (2009) To-
wards an explanatory and computational theory of scientific discov-
ery. J Informetr 3:191-209.

high-risk population is another important research approach.
Based on the World Alzheimer’s Disease Report, which 

was prepared by the Alzheimer’s International Organization 
in 2009, Cummings et al. (2014) participated in the recent-
ly published World Health Organization Focus Report on 
Dementia: Public Health. From these reports, we can un-
derstand the growing impact of AD and other dementia on 
our society, and the need for action. The development of a 
national AD plan is a key tool for this initiative.

Conclusions
CiteSpace first calculates a visualization network of AD 
references. Based on CiteSpace results, we discussed key 
clustering, the established research model, and emerging 
trends in references. By exploring clustering software, we 
identified that the main knowledge domains in AD research 
are biomarkers, tau protein, neuropathology, microglia, and 
excitotoxicity. It could be concluded from the detected cita-
tion bursts that AD diagnostic criteria are an emerging trend 
in AD research. The present study demonstrated a quanti-
tative scientometric method, and explored the progress of 
AD research by using references published in this field. The 
results will be helpful for professional workers to under-
stand visually the recognition modes and trends. Compared 
with reviews, CiteSpace’s analysis may be controversial, and 
its depth is insufficient. For example, backtracking exists 
in CiteSpace. As shown in Figure 2, the software cannot 
clearly distinguish the first author from the corresponding 
author. Nevertheless, we believe that, with the efforts of the 
CiteSpace research team, this software will be updated to 
overcome these shortcomings and provide more accurate 
and in-depth knowledge domain analyses in the future. This 
will provide different perspectives and characteristics for 
professionals to recognize a domain problem.

Author contributions: Conception and design of the work: YS; acquisi-
tion, analysis, interpretation of the data, drafting of manuscript: SL, YPS, 
XLG. All authors approved the final version of the paper.   
Conflicts of interest: The authors declare that the article content was 
composed in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest. 
Financial support: None. 

Table 4 Important Alzheimer’s disease references with high burst values

Freq Sigma Burst Author Year Source Half-life ClusterID

568 2282.7 87.3 Selkoe DJ (Selkoe and Hardy, 2016) 2016 EMBO MOL MED 2 2
310 3.51 74.98 Shankar GM (Shankar et al., 2008) 2008 NAT MED 8 2
221 4.73 53.22 Thies W (Thies, 2013) 2013 ALZHEIMERS DEMENT 2 5
326 80.1 50.98 Scheltens P (Scheltens et al., 2016) 2016 LANCET 2 2
290 15.8 45.51 Sevigny J (Sevigny et al., 2016) 2016 NATURE 2 2
178 19.51 34.41 Hebert LE (Hebert et al., 2013) 2013 NEUROLOGY 4 5
155 1.03 34.19 Gorelick PB (Gorelick et al., 2011) 2011 STROKE 6 1
138 1.1 33.1 Reitz C (Reitz et al., 2011) 2011 NAT REV NEUROL 5 5
211 1 31.54 Prince M (Prince, 2015) 2015 WORLD ALZHEIMER REPO 3 5
193 1.72 28.83 Cummings JL (Cummings et al., 2014) 2014 ALZHEIMERS RES THER 4 2
377 1.07 17.94 Harold D (Harold et al., 2009) 2009 NAT GENET 7 4
320 1.05 14.69 Lambert JC (Lambert et al., 2009) 2009 NAT GENET 7 4



1650

Liu S, Sun YP, Gao XL, Sui Y (2019) Knowledge domain and emerging trends in Alzheimer’s disease: a scientometric review based on CiteSpace 
analysis. Neural Regen Res 14(9):1643-1650. doi:10.4103/1673-5374.255995

Cummings JL, Morstorf T, Zhong K (2014) Alzheimer’s disease 
drug-development pipeline: few candidates, frequent failures. Alz-
heimers Res Ther 6:37.

Duncan T, Valenzuela M (2017) Alzheimer’s disease, dementia, and 
stem cell therapy. Stem Cell Res Ther 8:111.

Fan X, Sun D, Tang X, Cai Y, Yin ZQ, Xu H (2014) Stem-cell challenges 
in the treatment of Alzheimer’s disease: a long way from bench to 
bedside. Med Res Rev 34:957-978.

Freeman C (1978) Centrality in social networks conceptual clarifica-
tion. Soc Networks 1:25.

Games D, Adams D, Alessandrini R, Barbour R, Berthelette P, Blackwell 
C, Carr T, Clemens J, Donaldson T, Gillespie F, et al. (1995) Alzhei-
mer-type neuropathology in transgenic mice overexpressing V717F 
beta-amyloid precursor protein. Nature 373:523-527.

Goate A, Chartier-Harlin MC, Mullan M, Brown J, Crawford F, Fidani 
L, Giuffra L, Haynes A, Irving N, James L, et al. (1991) Segregation 
of a missense mutation in the amyloid precursor protein gene with 
familial Alzheimer’s disease. Nature 349:704-706.

Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, Iadecola C, 
Launer LJ, Laurent S, Lopez OL, Nyenhuis D, Petersen RC, Schnei-
der JA, Tzourio C, Arnett DK, Bennett DA, Chui HC, Higashida 
RT, Lindquist R, Nilsson PM, Roman GC, et al. (2011) Vascular 
contributions to cognitive impairment and dementia: a statement for 
healthcare professionals from the american heart association/ameri-
can stroke association. Stroke 42:2672-2713.

Harold D, Abraham R, Hollingworth P, Sims R, Gerrish A, Hamshere 
ML, Pahwa JS, Moskvina V, Dowzell K, Williams A, Jones N, Thomas 
C, Stretton A, Morgan AR, Lovestone S, Powell J, Proitsi P, Lupton 
MK, Brayne C, Rubinsztein DC, et al. (2009) Genome-wide associ-
ation study identifies variants at CLU and PICALM associated with 
Alzheimer’s disease. Nat Genet 41:1088-1093.

Hebert LE, Weuve J, Scherr PA, Evans DA (2013) Alzheimer disease in 
the United States (2010-2050) estimated using the 2010 census. Neu-
rology 80:1778-1783.

Heilbronner (1900) Concerning the relation between Alzheimer’s dis-
ease and aphasia. Archiv fur Psychiatrie und Nervenkrankheiten 
33:366-391.

Holtzman DM, Morris JC, Goate AM (2011) Alzheimer’s disease: the 
challenge of the second century. Sci Transl Med 3:77sr1.

Lambert JC, Heath S, Even G, Campion D, Sleegers K, Hiltunen M, 
Combarros O, Zelenika D, Bullido MJ, Tavernier B, Letenneur L, 
Bettens K, Berr C, Pasquier F, Fiévet N, Barberger-Gateau P, Engel-
borghs S, De Deyn P, Mateo I, Franck A, et al. (2009) Genome-wide 
association study identifies variants at CLU and CR1 associated with 
Alzheimer’s disease. Nat Genet 41:1094-1099.

Lazarov O, Demars MP (2012) All in the family: how the APPs regulate 
neurogenesis. Front Neurosci 6:81.

Lee VM, Brunden KR, Hutton M, Trojanowski JQ (2011) Developing 
therapeutic approaches to tau, selected kinases, and related neuronal 
protein targets. Cold Spring Harb Perspect Med 1:a006437.

McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, Jr., 
Kawas CH, Klunk WE, Koroshetz WJ, Manly JJ, Mayeux R, Mohs 
RC, Morris JC, Rossor MN, Scheltens P, Carrillo MC, Thies B, Wein-
traub S, Phelps CH (2011) The diagnosis of dementia due to Alz-
heimer’s disease: recommendations from the National Institute on 
Aging-Alzheimer’s Association workgroups on diagnostic guidelines 
for Alzheimer’s disease. Alzheimers Dement 7:263-269.

Palop JJ, Mucke L (2010) Amyloid-beta-induced neuronal dysfunction 
in Alzheimer’s disease: from synapses toward neural networks. Nat 
Neurosci 13:812-818.

Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E 
(1999) Mild cognitive impairment: clinical characterization and out-
come. Arch Neurol 56:303-308.

Prince M, Wimo A, Guerchet M, Ali GC, Wu YT, Prina M (2015) 
World Alzheimer Report 2015. The Global Impact of Dementia. 
London: Alzheimer’s Disease International (ADI).

Querfurth HW, LaFerla FM (2010) Alzheimer’s disease. N Engl J Med 
362:329-344. 

Reitz C, Brayne C, Mayeux R (2011) Epidemiology of Alzheimer dis-
ease. Nat Rev Neurol 7:137-152.

Scheltens P, Blennow K, Breteler MM, de Strooper B, Frisoni GB, 
Salloway S, Van der Flier WM (2016) Alzheimer’s disease. Lancet 
388:505-517.

Schenk D, Barbour R, Dunn W, Gordon G, Grajeda H, Guido T, Hu K, 
Huang J, Johnson-Wood K, Khan K, Kholodenko D, Lee M, Liao Z, 
Lieberburg I, Motter R, Mutter L, Soriano F, Shopp G, Vasquez N, 
Vandevert C, et al. (1999) Immunization with amyloid-beta attenu-
ates Alzheimer-disease-like pathology in the PDAPP mouse. Nature 
400:173-177.

Selkoe DJ, Hardy J (2016) The amyloid hypothesis of Alzheimer’s dis-
ease at 25 years. EMBO Mol Med 8:595-608.

Sevigny J, Chiao P, Bussière T, Weinreb PH, Williams L, Maier M, 
Dunstan R, Salloway S, Chen T, Ling Y, O’Gorman J, Qian F, Arastu 
M, Li M, Chollate S, Brennan MS, Quintero-Monzon O, Scannevin 
RH, Arnold HM, Engber T, et al. (2016) The antibody aducanumab 
reduces Abeta plaques in Alzheimer’s disease. Nature 537:50-56.

Shankar GM, Li S, Mehta TH, Garcia-Munoz A, Shepardson NE, Smith 
I, Brett FM, Farrell MA, Rowan MJ, Lemere CA, Regan CM, Walsh 
DM, Sabatini BL, Selkoe DJ (2008) Amyloid-beta protein dimers iso-
lated directly from Alzheimer’s brains impair synaptic plasticity and 
memory. Nat Med 14:837-842.

Smits LL, Liedorp M, Koene T, Roos-Reuling IE, Lemstra AW, Schel-
tens P, Stam CJ, van der Flier WM (2011) EEG abnormalities are 
associated with different cognitive profiles in Alzheimer’s disease. 
Dement Geriatr Cogn Disord 31:1-6.

Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, Fagan AM, 
Iwatsubo T, Jack CR Jr, Kaye J, Montine TJ, Park DC, Reiman EM, 
Rowe CC, Siemers E, Stern Y, Yaffe K, Carrillo MC, Thies B, Mor-
rison-Bogorad M, Wagster MV, et al. (2011) Toward defining the 
preclinical stages of Alzheimer’s disease: recommendations from the 
National Institute on Aging-Alzheimer’s Association workgroups on 
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement 
7:280-292.

Strittmatter WJ, Saunders AM, Schmechel D, Pericak-Vance M, Eng-
hild J, Salvesen GS, Roses AD (1993) Apolipoprotein E: high-avidity 
binding to beta-amyloid and increased frequency of type 4 allele 
in late-onset familial Alzheimer disease. Proc Natl Acad Sci U S A 
90:1977-1981.

Thies W, Bleiler L (2013) Alzheimer’s disease facts and figures. Alzhei-
mers Dement 7:208–244..

Vassar R, Bennett BD, Babu-Khan S, Kahn S, Mendiaz EA, Denis P, 
Teplow DB, Ross S, Amarante P, Loeloff R, Luo Y, Fisher S, Fuller 
J, Edenson S, Lile J, Jarosinski MA, Biere AL, Curran E, Burgess T, 
Louis JC, et al. (1999) Beta-secretase cleavage of Alzheimer’s amyloid 
precursor protein by the transmembrane aspartic protease BACE. 
Science 286:735-741.

Young JE, Goldstein LS (2012) Alzheimer’s disease in a dish: promises 
and challenges of human stem cell models. Hum Mol Genet 21:R82-
89.

C-Editor: Zhao M; S-Editors: Zhao LJ, Li CH; L-Editors: Gardner B, 
Hindle A, Qiu Y, Song LP; T-Editor: Jia Y 


