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ARTICLE INFO ABSTRACT

Keywords: Background: Neurological disorders are one of the major contributors to the burden of disease, affecting the
Neurological disorders quality of life of the global population.Statins, known for their cholesterol-lowering properties, have garnered
Statins

substantial interest due to their potential neuroprotective effects and association with subjective cognitive
decline.The study aims to provide a comprehensive bibliometric analysis of the literature on the nexus between
neurological disorders and statins.

Methods: Using VOSviewer (1.6.20), CiteSpace (6.3.1 and 5.7.R2), and R (4.4.1), the systematic bibliometric
analysis offers valuable insights into the research landscape of neurological disorders and statins from 2004 to
2024.

Results: The findings reveal a notable increase in scholarly output on neurological disorders and statins over the
past two decades, with a particular emphasis on clinical trials and pharmacological mechanisms of statins. The
remarkable multidisciplinary nature of the field is an important reason for its continued development.Compared
to initial exploratory research, recent studies have placed increased emphasis on the neuroprotective roles of
statins and their therapeutic potential in managing neurological disorders.Future research is anticipated to focus
on precision medicine and personalized therapeutic strategies involving statins.The United States, China and
Germany are leading the way in this field of research.

Conclusion: The study's findings are instrumental in informing future research directions and contribute to a
broader understanding of the subject matter across various scientific disciplines. Statins have great potential in
the treatment of neurological disorders and neuroprotection and are moving towards customized medicine and
personalized therapy.

Bibliometric studies
Alzheimer's disease
Multiple sclerosis
Cholesterol
Atorvastatin

Introduction Global Burden of Disease Study 2021 (GBD 2021), approximately 3.4

billion individuals worldwide were affected by neurological disorders

Neurological disorders constitute a significant cause of global health
burden, affecting over one-third of the world's population.’ These dis-
orders are characterized by a range of symptoms, including neurode-
velopmental abnormalities, neurodegenerative processes in later life,
and cognitive impairments. Additionally, they encompass conditions
such as stroke, neonatal encephalopathy, migraine, Alzheimer's disease
and other dementias, diabetic neuropathy, meningitis, epilepsy, neu-
rological complications from preterm birth, autism spectrum disorders,
and neurological cancers.>* According to the systematic analysis of the
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in 2021, representing 43.1 % of the global population, with the pre-
valence continuing to rise in recent years. Enhancing our understanding
of these disorders, leveraging modern technologies such as metage-
nomic next-generation sequencing (mNGS) to improve early diagnosis,
and standardizing clinical treatments in accordance with relevant
guidelines and consensus are essential to increase cure rates,® reduce
mortality, and alleviate the disease burden.”

Statins primarily function in the prevention of cardiovascular dis-
eases by inhibiting HMG-CoA reductase in the liver, thereby reducing
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cholesterol production and lowering blood levels of low-density lipo-
protein cholesterol (LDL-C). Beyond their lipid-lowering effects,®” sta-
tins exhibit anti-inflammatory, antiplatelet, antioxidant, anti-
proliferative,’ and immunosuppressive properties. And the most
important thing is that studies have shown they have a protective effect
on neuronal cells’ and have been linked to cognitive function.'® Statins
can improve the survival environment of nerve cells through anti-in-
flammatory effects,'' antioxidant effects, and also improve the function
of neurotransmitters,’” such as dopamine to treat neurological dis-
orders.'®'? They also provides assistance in the treatment of neurolo-
gical-related disorders due to their role in reducing beta-amyloid toxi-
city and regulating the activity of the transcription factor Nurrl.'®
Given the substantial impact of neurological disorders on individuals
and society, and considering the potential cytoprotective effects of
statins on the nervous system and cognitive function,'® it is imperative
to investigate the relationship between neurological disorders and
statin use. The current fruitful and promising research on the role of
statins in neurological disorders requires the analysis of hot spots and
emerging trends.

Bibliometrics refers to the statistical analysis of data from scientific
publications (e.g. articles and books), then assesses and reveals the
structure, productivity, and trends of the research topic.'” The most
apparent advantage of this method of analysis is the efficient review of
publications with huge data on a specific topic or research area, which
enables the identification of the most influential publications, as well as
countries, authors, institutions, collaborations between active journals,
popular keywords and research trends. As far as we know, there is only
one bibliometric study which focuse on the link between statins and
dementia (a type of neurological disorders).'® However, this study’s
approach is single and was done through a website rather than spe-
cialized bibliometric software. While early publications provided in-
sights into the link between dementia(a type of neurological disease)
and statins, they were limited to only one neurological

Stepl: Topic search
Pubmed ' s Science Citation
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disease,therefore we can enrich the field with a more comprehensive
bibliometric analysis to elucidate the research themes that have at-
tracted attention in the last decades.'”?° The convergence of visuali-
zation and data mining techniques has supported bibliometric ap-
proaches, but they have not yet been applied to the study of the
relationship between neurological disorders and statins.

The aim of this study is to provide a comprehensive analysis and a
clear overview of scientific articles on neurological disorders and statins
from January 1, 2004 to June 1, 2024 by using state-of-the-art biblio-
metric methods, and to understand the patterns of research on neuro-
logical disorders and statins from several perspectives,such as the
temporal evolution of scientific publications, major countries, institu-
tions, authors, journals, and current trends in the research field.

Methods
Data collection

This study utilized the Pubmed Core Collection database with the
following search strategy: TS= ((("Alzheimer's disease" OR "Multiple
sclerosis" OR '"Parkinson's disease") AND 'statin*") OR ("Nervous
system" AND 'statin*") OR (("Diseases of the nervous system" OR
"Nervous system diseases") AND "statin*")). To minimize potential bias
due to frequent database updates, we searched the literature from 2004
to 2024.And it is limited to English-language articles (Fig. 1). Data from
PubMed articles were downloaded using the "Custom Selection" option,
which selected all 29 fields to be customized in "plain text file" format
to export.

Statistical analysis

Data analysis included information on authors, country, institu-
tion, year of publication, title, journal, references and keywords for

Retrieval mode:Advance Search
Language:English

Index Expanded
419 articles

Note:Date collection was conducted in July
15,2024

The following Records were excluded:
Early Access 3

Step3: Bibliometric analysis
(VOSviewer
1.6.20.R4.4.1.Citespace
6.3.1,5.7.R2)

Step2: Data screening w
406 publications including
original articles and review

articles met eligibility J

CStep4: Discussion,Conclusion

Book chapter 3
Proceeding paper 7

Fig. 1. Flow chart of the literature search and study process.



S. Feng, J. Du, X. Xie et al.

each article. Data such as number of articles, number of citations and
journal impact factor were obtained through Pubmed. In this study,
we used software such as VOSviewer (1.6.20), CiteSpace (6.3.1 and
5.7.R2), and R (4.4.1) to construct and visualize the co-authorship
network of countries/regions, institutions, and authors, the co-cita-
tion network of authors and journals, and the keyword co-occurrence
network.

Results

According to our search strategy, we can see that studies on trau-
matic brain injury and statins in PubMed have appeared since 1989 and
have made great development after 2004, so we selected the period of
2004-2024 to conduct the study, which is a period of rapid develop-
ment and high output of results. After sifting out the articles that are not
too closely related to the topic, we finally got 406 studies that can be
analyzed.

Analysis of trends in publications

The development of research findings on neurological disorders
and statins has varied over time and regions, but there are certain
patterns. We can know that academic research in this field was in a
hot stage from 2006 to 2010, with a relatively large number of annual
publications from the number of published papers. Since 2010, the
number of publications show both an upward and a downward trend
with a number of hot years, but the overall degree of hotness has
declined slightly (Fig. 2A). It can also be seen that the year 2016 has
the highest average number of citations, and the average total
number of citations per paper reaches 5.3 citations per year. Citations
in this area show a relatively stable trend,receiving sustained and
widespread attention in recent years (Fig. 2B). The regional dis-
tribution of research results in this field is diversified, with a large
number of countries making joint contributions (Fig. 2C). None-
theless, it can still be judged that the United States is the regional
leader, China is also very fruitful, and many other countries have a
similar level of contribution.

If we link authors, keywords and journals, we can see that ex-
perimental neurology journal is the most prominent, which is closely
related to keywords statins, neuroprotection, etc.From the perspec-
tive of key words, there are many related lines such as "statins" and
"neuroprotection”, indicating that research in this field is con-
centrating efforts on themes such as "the effects of statins on the
nervous system (such as neuroprotection and intervention of related
diseases)".From the perspective of journals, "experimental neurology"
and "brain research" have rich connection lines, reflecting that these
journals are the core platforms for the release of research results in
this field, and have a high acceptance and publication volume of
papers on related topics.From the perspective of the authors, some
authors (such as "sahebkar a", etc.) have close associations with
specific keywords and journals, reflecting their research expertise
(focusing on neuro-related, statins, etc.) and preferences for the dis-
semination channels of achievements. (Fig. 3)

Journal and Co-citation analysis

The top three journals in terms of volume are journal of neu-
rochemistry(8), experimental neurology(8), pharmacological research
(7), glia(7), which have attained many achievements in the last two
decades (Fig. 4A). In terms of citations, the top three journals are
journal of neurochemistry(440), biomed research international(436),
pharmacotherapy(324). These journals highlight important scholarly
influences. The top three reference co-citations are yousef s, 2002,
nature, v420, p78, doi 10.1038/nature01158 (73), vollmer t, 2004,
lancet, v363, p1607, doi 10.1016/s0140-6736(04) 16205-3 (54), jick
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h, 2000, lancet, v356, p1627, doi 10.1016/50140-6736(00)03155-x
(48) (Fig. 4B). These three articles have gained a high level of interest in
the field.

Institutional and authors analysis

We have established strict inclusion criteria (screening institutions
that have published more than three papers), aiming to reduce the
complexity of interpretation caused by an excessive number of in-
stitutions and ensure the optimal focus on the topic (Fig. 5A). The re-
search institutions are mainly concentrated in North America and
Europe. Among them, univ calif san francisco ranked first in the world,
Stanford univ ranked second in the world, boston univ, univ wa-
shington, etc. showed that the American institutions have the most
achievements and the largest number of publications in the field
(Fig. 5A). In terms of link strength, univ calif san francisco and Stanford
univ collaborate most closely in this research. It may be owing to
policy. Collaboration between authors in the same cluster is relatively
closer. At the same time, ronaldson, patrick t. and singh,inderjit
(Fig. 5B), who have a high number of publications, bring more inter-
national collaborations.

Keyword analysis

In this study, 1082 keywords (author's keywords) were extracted
from 406 articles.According to the graphical analysis, the 10 most
frequently used keywords are as follows: statins, alzheimer's disease,
multiple sclerosis, cholesterol, atorvastatin, inflammation, neuropro-
tection, simvastatin, oxidative stress, apoptosis (Fig. 6). It is evident
that neural related diseases and pathways are the focus of research.
After superimposing the years, we can be found that the earliest key-
words related to this field are traumatic brain injury, amyloid, eae,
combination therapy, beta-amyloid, etc. As the research progresses, the
keywords developed in this field are statins,”' multiple sclerosis, sim-
vastatin,”>** inflammation,etc. In recent years, the main keywords
developed are autophagy, mevalonate pathway, prenylation, cognitive
impairment, antioxidants, blood-brain barrier, pcsk9 and so on, re-
vealing the research hotspots in recent years.

Here are the 33 most cited keywords (Fig. 7). In the early stage
(around 2004-2007), keywords such as "experimental allergic en-
cephalomyelitis" and "nitric oxide synthase" emerged suddenly, re-
flecting that the research at that time focused on the immune system of
the nervous system and the basic molecular mechanisms. In the middle
period (2010-2015), the popularity of "statin therapy", "neural control",
etc. rose, reflecting the attention paid to the directions of clinical ap-
plication and neural regulation. Recently (2020-2024), terms such as
"inhibition", "blood-brain barrier', and "neurotrophic factor" have
emerged as new hotspots, focusing on intervention mechanisms and the
frontiers of brain science. Coa reductase inhibitor,”* multiple scler-
osis,nervous system,>” indicating that the above directions are the key
themes in this period. Expression,”® lovastatin, oxidative stress, have
longer duration (red length), some of them are from recent years and
others are from earlier periods. There are long-lasting keywords during
different periods in this field.

In terms of number of occurrences,central-nervous system®’ is
leading broadly, followed by statins, and then nitric-oxide synthase,
simvastatin, alzheimer disease, and so on (Fig. 8A,B). This indicates
that these are the more popular research terms. The most popular of the
latest keywords is inhibition.In this bibliometric study, the keywords
amyloid precursor protein, cholesterol metabolism,oxysterols,alir-
ocumab, pcsk9 were motifs, which means that they are well-developed
and important motifs with a strong concentration and high density. In
contrast, autophagy, cholesterol pathway, mitochondria,*® epilepsy,*’
risk factors are basic themes,which are important to the field of study
but undeveloped, meaning they have lower density, higher centrality
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Fig. 2. Overview of trends in issuance. (A)The number of publications from 2004 to 2024. (B)The number of citations of papers from 2004 to 2024. (C)Regional
overview of the volume of publications. The darker the color means the more papers published.
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Fig. 3. The three field plot for author AU, keyword DE, and journal SO. The lines between the AU, DE, and SO identify the relationships and distributions among

authors, keywords, and journals in the research field.

and require further research and analysis (Fig. 8C). Quadrant 4 themes
are important to the field of study but they are underdeveloped and are
generally concept-based, such as myopathy, neuropathy, hypertension
etc.

Discussion
A review of neurological disorders and statin studies

This is a systematic and comprehensive bibliometric study to use a
visualization tool to analyze trends in research on neurological dis-
orders and statins. The number of publications and citations in this area
is high,suggesting that there has been a high level of interest in research
on neurological disorders and statins over the last 20 years.***' How-
ever, since 2004, there have been troughs between peaks in both the
number of publications and citations with an overall slight downward
trend in the number of publications and an overall mere upward trend
in the number of citations.

Collaboration is a key feature of research on neurological disorders
and statins, with an increasing number of countries and institutions
collaborating with each other to drive development. usa, peoples r
china, Germany published the most literature on neurological disorders
and statins. Among the most prolific and influential authors in the field,
ronaldson, patrick t. and singh, inderjit who own higher number of
publications have brought more international collaborations. The
prevalence of interconnections between researchers suggests that

collaboration is widespread, which is consistent with previous research,
however, international and large-scale academic collaboration may be
lacking due to language barriers.

Researches about neurological disorders and statin has been re-
cognized and disseminated by top journals such as journal of neu-
rochemistry. A multidisciplinary approach is also important for
neurological disease and statin research, as illustrated by the in-
volvement of the fields of pharmacology,”**® neuroscience®* and
clinical neurology.®® Although the pace of development has slowed
compared to the 20th century,this is still a steadily growing field
that has been on a relatively high and stable trend. In addition, re-
search related to individual specific diseases (e.g., Alzheimer's dis-
ease,”® Parkinson's disease,’”*® eye diseases®®) is an integral and
important part of neurological disease and statin research, and re-
cent bibliometric studies have examined its impact over the past
20 years.

Research hotspots and frontiers in neurological disorders and statins

The analysis of the cited references reveals the most influential ar-
ticles and provide a knowledge base for future research in the field. The
most cited original research article is the 2016 paper by thompson et al.
on the topic of "statin side effects",”” which may still be a hot topic
nowadays. Role of inflammation, oxidative stress, and vascular dys-
function in hypertension in biomed research international by dinh

et al.'s in 2014, cholesterol in alzheimer's disease in lancet neurology in
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2005 by shobab et al., dysregulation of cholesterol balance in the brain:
contribution to neurodegenerative diseases published by vance et al. in
2012*" in disease models&mechanisms are also likely to be a hot di-
rection of research now.

The keyword timeline and cluster analysis reflect the evolution of
the research themes over time. Early keywords were "traumatic brain
injury**" and "amyloid", and as research progressed, keywords such as
"statins*>**" and "multiple sclerosis" were developed. In recent years,
emerging keywords such as "autophagy", "mevalonate pathway" and
"prenylation*>*®" have revealed the research hotspots in recent
years.””*® The evolution of these keywords reflects the depth and
breadth of research in the field, as well as the changing interests of
researchers in specific issues.

Keywords were analyzed to reveal hot and cutting-edge topics in
neurological disorders and statin research. The most commonly used
keywords include "statins’®°'", "alzheimer's disease®”", "multiple
sclerosis", '"cholesterol", "Parkinson's disease®®" and "atorvas-
tatin®*°>", etc. These keywords reflect the main focus of current re-
search. Alzheimer's disease is an important area of research in

neurological disorders and is closely linked to statin research. Statins
are thought to potentially influence the progression of Alzheimer's
disease through modulation of cholesterol levels and anti-in-
flammatory effects. Research hotspots involve the effects of statins on
the pathophysiology of Alzheimer's disease and their potential as a
potential treatment. Multiple sclerosis is another hot area of statin
research, where statins may slow the progression of multiple sclerosis
through anti-inflammatory and neuroprotective effects. Research
frontiers involve the role of statins in modulating the immune re-
sponse in multiple sclerosis and their potential application in disease-
modifying therapies, which in turn influence treatment.Another im-
portant hotspot is neuroprotection,”® an important concept in the
study of neurological disorders, and statins have received attention
for their potential neuroprotective effects. Research hotspots include
the mechanisms of neuronal protection by statins and their role in the
prevention and treatment of neurodegenerative diseases. Inflamma-
tion and oxidative stress are important factors in the development of
neurological disorders, and the anti-inflammatory and antioxidant
effects of statins have made them a hot topic of research. The
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Top 33 Keywords with the Strongest Citation Bursts

Keywords
experimental allergic encephalomyelitis 2004

experimental autoimmune encephalomyelitis 2004

nitric oxide synthase 2004

lipid lowering drugs 2005

smooth muscle cells 2005 3
lewis rats 2005 3:
lovastatin 2006 3
reductase inhibitors 2006 3
glatiramer acetate 2008 3.
endothelial cells 2006 3.
traumatic brain injury 2007 6
nervous system 2004 4
statin therapy 2007

blood pressure 2010 5
neural control 2010 1
heart failure 2011 3.
simvastatin treatment 2012 5.
nitric oxide 2005 1
randomized controlled trial 2012 3.
protein 2014 3.
cholesterol metabolism 2005 3
expression 2005 3
stem cells 2016 3
metaanalysis 2017 5
statin use 2017 5
risk factors 2017 3.
dysfunction 2005 3
inhibition 2006 8.
blood-brain barrier 2014 3
inflammation 2015 4.
cancer resistance protein 2022 3
ischemic stroke 2014 3
neurotrophic factor 2023 3

Year Strength Begin End
6. 02 2004 2005
5.03 2004 2005
4.71 2005 2005
4.12005 2006
.68 2005 2007
51 2005 2005
.96 2006 2006
.922006 2008
852008 2010
822008 2008
. 372009 2010
.332009 2010

62010 2011
.212010 2014
. 382010 2011
742011 2016
752012 2014
.472012 2013
612012 2012
412014 2017
.922015 2016
.632015 2015
.722016 2016
.332017 2019
.06 2017 2017
792017 2017
682018 2018
26 2020 2024
912020 2022
07 2021 2022
. 752022 2022
. 472022 2022
. 862023 2024 ——

2004 - 2024

Fig. 7. Top 33 most frequently cited keywords. The blue length represents the existence time, and the red length represents the duration of the keywords with higher
citation frequency (also called the emergence time, and the longer ones tend to represent the basic research in the field).

modulation of the inflammatory response and oxidative stress by
statins and the impact of these effects on the course of neurological
diseases is a major research interest. Cholesterol metabolism also
plays a role in the pathogenesis of neurological disorders,””-> and
statins affect neurological disorders by modulating cholesterol me-
tabolism. The main focus of research is on the mechanisms that sta-
tins treat neurological disorders by affecting these metabolic path-
ways. In addition, self-pharmacological mechanisms®® and multiple
drug associations (e.g., paclitaxel®®), associations with and effects on
diabetes,®*°? seizures®’ and high blood pressure,®® specific mole-
cular mechanisms,®®®” risk factors,’® adverse events,’® and car-
egiving’® have been addressed, which can be very comprehensive.

A limitation of this study is that it does not include the WoS and
Scopus databases. This decision was made because there is an im-
balance in the coverage of the WoS database across disciplines that
allows some disciplines to increase their relative weight in SSCI at the
expense of others. The Scopus database, on the other hand, has a
lower impact level and is not indexed in some journals.PubMed is
considered a more reliable database. What’s more, analyzing a large
number of articles may experience duplicate inclusion when using
multiple databases. Although this limitation is objective, the study
has done as much elimination as possible. The bibliometric analysis
is very comprehensive, which is unmatched by other literature
studies.
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occurrences (by the span of the horizontal line). (C)The thematic map grouping authors' keywords according to the relevance and degree of development.
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Conclusion

This study systematically summarized articles on neurological dis-
orders and statin research from 2004 to 2024 through a bibliometric
analysis of visualization tools. The findings show a relatively stable
focus on neurological disorders and statin research,and are conducted
using a combined multidisciplinary approach. The United States, China,
and Germany were identified as leaders in neurological disease and
statin research.And univ calif san francisco play a central role in the
research effort. Co-cited references mainly focus on statin-related side
effects,and "inflammation" and "cholesterol in Alzheimer's disease" also
have received special attention. The analysis also reveals popular re-
search frontiers, including statins, Alzheimer's disease, multiple
sclerosis, cholesterol, atorvastatin, inflammation, neuroprotection,
simvastatin, oxidative stress, and apoptosis. By examining trends in
neurological disorders and statins, the study provides valuable insights
to better understand the current state of research and may inform future
research directions for consideration. Recent studies have placed in-
creased emphasis on the neuroprotective roles of statins and their
therapeutic potential in managing neurological disorders. Future re-
search is anticipated to focus on precision medicine and personalized
therapeutic strategies involving statins, reflecting an ongoing shift to-
wards tailored medical approaches.
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