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Background: The COVID-19 pandemic has significantly impacted public

health, putting people with Alzheimer’s disease at significant risk. This study

used bibliometric analysis method to conduct in-depth research on the

relationship between COVID-19 and Alzheimer’s disease, as well as to predict its

development trends.

Methods: The Web of Science Core Collection was searched for relevant

literature on Alzheimer’s andCoronavirus-19 during 2019–2023.We used a search

query string in our advanced search. Using Microsoft Excel 2021 and VOSviewer

software, a statistical analysis of primary high-yield authors, research institutions,

countries, and journals was performed. Knowledge networks, collaboration maps,

hotspots, and regional trends were analyzed using VOSviewer and CiteSpace.

Results: During 2020–2023, 866 academic studies were published in international

journals. United States, Italy, and the United Kingdom rank top three in the

survey; in terms of productivity, the top three schools were Harvard Medical

School, the University of Padua, and the University of Oxford; Bonanni,

Laura, from Gabriele d’Annunzio University (Italy), Tedeschi, Gioacchino from

the University of Campania Luigi Vanvitelli (Italy), Vanacore, Nicola from Natl

Ctr Dis Prevent and Health Promot (Italy), Reddy, P. Hemachandra from

Texas Tech University (USA), and El Haj, Mohamad from University of Nantes

(France) were the authors who published the most articles; The Journal of

Alzheimer’s Disease is the journals with the most published articles; “COVID-19,”

“Alzheimer’s disease,” “neurodegenerative diseases,” “cognitive impairment,”

“neuroinflammation,” “quality of life,” and “neurological complications” have been

the focus of attention in the last 3 years.

Conclusion: The disease caused by the COVID-19 virus infection related to

Alzheimer’s disease has attracted significant attention worldwide. The major hot

topics in 2020 were: “Alzheimer’ disease,” COVID-19,” risk factors,” care,” and

“Parkinson’s disease.” During the 2 years 2021 and 2022, researchers were also

interested in “neurodegenerative diseases,” “cognitive impairment,” and “quality of

life,” which require further investigation.
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Introduction

In late 2019, China detected its first pneumonia of unknown
cause (1). A new coronavirus has been isolated in China,
the severe acute respiratory syndrome coronavirus 2019 (2, 3).
Coronavirus Disease 2019 (COVID-19) was then named by
the World Health Organization (4). There were some clinical
symptoms of COVID-19, such as disturbances of taste and
smell (5). Patients with COVID-19 have reported neurological
problems and possible neurological invasion (6–8). Infection
with COVID-19 can affect Alzheimer’s disease, and long-term
neurologic conditions such as Alzheimer’s disease can develop
(9, 10). However, even if a nasal swab tests positive for
COVID-19, the patient’s cerebrospinal fluid may be devoid
of viral particles. The presence or absence of COVID-19
in CSF (cerebrospinal fluid) may depend on the severity of
systemic disease and the degree of neurotropic tropism of the
virus (11).

COVID-19 infiltrated Alzheimer’s dementia research (12).
People with Alzheimer’s disease (AD) were at higher risk of
developing severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and its associated morbidity and mortality (13,
14). Older people with Alzheimer’s disease and coronavirus-
19 virus infection can present with mild, unusual diarrhea or
lethargy (15). AD patients’ family caregivers were sometimes
called “invisible second patients (16).” COVID-19 isolation rapidly
increased behavioral and psychological symptoms in ∼60% of
AD patients, and two-thirds of caregivers experienced stress-
related symptoms (17). Boutoleau-Bretonnière et al. reported that
confinement exacerbated neuropsychiatric symptoms in patients
with cognitively impaired AD but did not induce such symptoms
in more cognitively intact patients (18). Lara et al. reported that
during the 5 weeks of lockdown, neuropsychiatric symptoms of
AD patients worsened, with agitation, apathy, and abnormal motor
activity being the most affected symptoms (19). In Italy, caregivers
reported significant increases in anxiety (9.18%), depression
(6.26%), irritability (2.28%), and distress (9.80%) (20). A wealth
of research on Alzheimer’s disease and SARS-CoV-2 has been
published in the past 3 years. However, studies have yet to
comprehensively analyze the impact of AD on SARS-CoV-2
research and propose potential future research directions in
this field.

Bibliometrics research was becoming more and more
extensive. Bibliometric research can calculate the productivity
of institutions, countries, and authors and explore the frequency
of keywords that are hot/cutting-edge in a particular field
(21, 22). Using the method of bibliographical economics, we
can summarize the current situation and development trend
of a particular subject or a specific unique disease to put
forward the direction and ideas for future research work (23).
CiteSpace and VOSviewer are currently the most popular
data analysis and visualization research methods (24, 25).
Therefore, this article intends to use the method of bibliometric
analysis to sort out the relevant research on COVID-19 AD to
clarify its knowledge structure and critical issues. In addition,
this paper also puts forward several suggestions for future
research work.

Methods and materials

Search strategy

On February 7, 2023, search query strings TS= (“Alzheimer’s∗”
OR “Senile Dementia∗” OR “AD”) and TS = (“Coronavirus
disease 2019” OR “COVID-19” OR “SARS-CoV-2”) against
WoSCC were used to identify COVID-19-related publications
in Alzheimer’s disease research. The document had only articles
and reviews and the language was English. This database was
collected and organized by Chenjun Cao and Sixin Li, respectively.
Disagreements are discussed with the other two people (Ying Liu
and Xinyu Li) to unify their opinions.

Data extraction and analytical methods

We extract these bibliometric parameters [title, keywords,
author, institution, country or region, journal, publication year,
total number of citations (TC), number of citations per publication
(CPP), and cited references] and export them to Microsoft
Excel 2021 (Redmond, Washington, USA) and VOSviewer
(version 1.6.18, Leiden University) to identify the most influential
contributors (lead authors, institutions, and countries). VOSviewer
and CiteSpace were two bibliometric software programs. On this
basis, VOSviewer can build the author of the article and the subject
map of the paper based on the cited information in the article,
and it can also build a keyword map based on the coexistence
information. This project also provides an observer that enables
exhaustive analysis of file metrics graphs. VOSviewer can be
displayed in many ways to emphasize various aspects. It has zoom,
scroll, and search capabilities for detailed map inspection (25).
CiteSpace is software based on Java. The system integrated cluster
analysis, social network analysis, and other technologies and was a
visual analysis software for scientific and technological document
data with substantial application value. Innovation was mainly

reflected in the deep mining of co-citation information in scientific
and technological papers, the analysis of the knowledge structure

of relevant knowledge fields, the analysis of the development trend
and correlation of scientific and technological literature, and the

analysis of the intermediary role between critical nodes in scientific
and technological literature. The model can explore a time-varying
career planning process from the research field to the knowledge
base; it will present this information as a colored map (26).
They use literature, keywords, authors, cooperative institutions,
and countries as the primary research objects, using mathematical
statistics and other research methods for quantitative analysis (27).
VOSviewer andCiteSpace (version 6.1.R6) present the collaborative
map and intensity of collaborations between authors, institutions,
and countries to demonstrate their impact on Alzheimer’s disease
SARS-CoV-2 research.

Additionally, keyword and reference clustering were used
to capture knowledge in the domain. The project will also
display possible research frontiers using the keyword co-occurrence
of VOSviewer and CiteSpace. A relationship diagram between
VOSViewer and CiteSpace shows that the size of the nodes
represents the number of publications, while the lines indicate
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the links between them. A larger node represents more published
articles, and a wider line represents a closer connection between
two nodes.

Results

General data

Figure 1 shows the flow chart. One thousand two hundred
and eighty-nine articles were found in the initial search.

After limiting the type of literature (original studies and
reviews), noise words, and English language, 866 articles are
retrieved. We also reviewed the following data: 7,691 TC,
8.88 CPP, and 36H index. A total of 6,046 authors, 2,193
institutions, 93 countries/regions, and 424 journals contributed

to these publications. From 109 publications in 2020 to 399
publications in 2022, as shown in Figure 2, seven were recorded

in the 1st month of 2023. Then, 74.6% of the retrieved

publications were original articles; 25.4% of the articles were

reviewed.

FIGURE 1

Flow chart.
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FIGURE 2

The year (A) the article is published. Type (B) of article published.

Top contributing authors

Table 1 presents the authors who have published the most
articles. Five authors tied for first place. Bonanni, Laura from
Gabriele d’Annunzio University (Italy), Tedeschi, Gioacchino from
the University of Campania Luigi Vanvitelli (Italy), Vanacore,
Nicola from Natl Ctr Dis Prevent and Health Promot (Italy),
Reddy, P. Hemachandra from Texas Tech University (USA) and
El Haj, Mohamad from University of Nantes (France) were most
prolific author. Each has published four articles. Furthermore,
the author was identified as Bonanni, Laura from Gabriele
d’Annunzio University (Italy; 197 TC and 49.25 CPP), followed
by Tedeschi, Gioacchino from the University of Campania Luigi
Vanvitelli (Italy; 184 TC and 46 CPP) and Vanacore, Nicola from
Natl Ctr Dis Prevent and Health Promot (Italy; 183 TC and
45.75 CPP) with the highest citations. We use VOSviewer and
CiteSpace software to analyze the author’s collaborative network.
In Figure 3A, there were 54 authors with more than three articles
retrieved by VOSviewer. Similarly, in Figure 3B, these authors were
also identified through CiteSpace. The respective active period
was shown. Agosta, Federica, Allegri, Ricardo F were active in
2020, while Bonanni, Laura and, Focke, Niels were active in 2021;
Klenerman, Paul and, Solis, Michele were active in 2022. Four
collaborating scholars were identified, with more collaboration
occurring in groups including Bonanni, Laura and, Tedeschi, and
Gioacchino.

Top contributing institutions

The top 10 institutions with the most publications are
listed in Table 2. The number of articles published by the
top 10 institutions accounts for 14.4%. There were 17 papers
published by Harvard Medical School in the United States,
16 by the University of Padova in Italy, and 15 by the
University of Oxford in the United Kingdom. According to
citations, the University of Toronto ranked first with 339
TC, followed by the University of Padua, Italy, with 264 TC,
and the Universita Cattolica del Sacro Cuore with 187 TC.
Institutional cooperation networks are visualized using VOSviewer

and CiteSpace software. As shown in Figure 4A, VOSviewer
identifies 35 institutions that have published at least seven papers,
and the temporal evolution of these institutions is shown in
Figure 4B. The University of Padua, the University of Pavia, and
the Universita Cattolica del Sacro Cuore were active in 2020
but less active in 2021 and 2022. In terms of collaboration
with other institutions, Harvard Medical School was the most
prominent. Oxford University and King’s College London are
close behind.

Top contributing countries

In Figure 5, the countries with the highest productivity were
shown along with their respective collaborations. The results
show that the United States has the highest productivity with
280 papers accounting for 32.3% of the total productivity with
2,656 TC, followed by Italy (137 papers, 1,405 TC) and the
United Kingdom (87 papers, 815 TC; Figure 5A). According to
CPP, Italy ranks sixth (n = 10.3), below Canada (n = 12.8),
Scotland (n = 10.9), the Netherlands (n = 10.7), Spain (10.4),
and France (10.33). Co-author country analysis in VOSviewer
reveals collaboration between countries. At least 12 papers from 27
countries were selected for visualization, among which the nodes
of the United States, the United Kingdom, Germany, Italy, and
Canada were the most prominent. The links were relatively thick,
indicating that their cooperation and academic influence were
closer in this region (Figure 5B).

Top contributing and co-cited journals

Table 3 shows the 10 most active publications on COVID-19
Alzheimer’s disease papers ranked Q1, Q2, or Q3 in JCR. At
number one on the list was the Journal of Alzheimer’s Disease
(n = 43), followed by Frontiers in Psychiatry (n = 25) and
the International Journal of Molecular Sciences and Journal of
Clinical Medicine (n = 20). Alzheimer’s and Dementia has the
most citations per publication (n = 68.7), followed by Frontiers
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TABLE 1 Authors with the highest number of publications.

Rank Author Publication TC CPP Institution Country

1a Bonanni, Laura 4 197 49.3 University G dAnnunzio Italy

1b El Haj, Mohamad 4 143 35.8 University Nantes France

1c Reddy, P. Hemachandra 4 94 23.5 Texas Tech University USA

1d Tedeschi, Gioacchino 4 184 46.0 University Campania Luigi Vanvitelli Italy

1e Vanacore, Nicola 4 183 45.8 Natl Ctr Dis Prevent and Health Promot Italy

TC, total citations; CPP, citations per publication.

FIGURE 3

VOSviewer (A) and CiteSpace (B) show a collaborative network of prolific authors. Nodes represent the number of articles, while lines represent the

tightness of the cooperative relationship.
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TABLE 2 A list of the 10 most prolific institutions.

Rank Institution Publication TC CPP Country

1 Harvard Med Sch 17 126 7.4 USA

2 Univ Padua 16 264 16.5 Italy

3 Univ Oxford 15 88 5.9 UK

4 Univ Toronto 13 339 26.1 Canada

5a Ucl 12 107 8.9 UK

5b Univ Penn 12 80 6.7 USA

6a Kings Coll London 10 100 10 UK

6b Univ Cattolica Sacro Cuore 10 187 18.7 Italy

6c Univ Pavia 10 161 16.1 Italy

6d Univ Washington 10 47 4.7 USA

TC, total citations; CPP, citations per publication.

FIGURE 4

The network of cooperative relationships among institutions is shown through VOSviewer (A) and CiteSpace (B). A node’s size represents the number

of articles the institution has published, and a line’s width represents how close the institutions have collaborated.

in Psychiatry (n = 20.0) and Frontiers in Aging Neuroscience
(n = 16.9). The Lancet ranks first (n = 836), followed by the New

England Journal of Medicine (n = 788) and Nature (n = 670) in
terms of co-citations.
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FIGURE 5

(A) A summary of the top 10 productive countries, as well as their publications, the number of citations (×0.1), and the number of citations per

publication (×20). (B) Cooperation between States. A node’s size indicates the number of articles, while the link’s width indicates the degree of

cooperation.

Top cited articles

The top 10 most-cited publications are shown in Table 4. Of
these, four papers discussed the impact of COVID-19 on patients
with AD (9, 10, 13, 28). Three papers discuss the impact of the novel
coronavirus-19 virus in the care of patients with Alzheimer’s disease
(29–31). A report on the effects of SARS-CoV-2 on the behavior
and psychology of patients with AD (17). One paper described
the impact of SARS-CoV-2 on neuropsychiatric symptoms and
quality of life in patients with AD (19). One paper reported an
increased prevalence of SARS-CoV-2 in patients with AD (32).
Gaugler et al. published the most significant cited paper (457 TC)
in Alzheimer’s and Dementia. This article introduced the public

health problems caused by Alzheimer’s disease, including incidence
and prevalence, mortality and disability, and medication and
care costs.

Further, it explained the impact of the novel coronavirus-19
overall effect (29). Brown et al. wrote the second most-cited paper
(238 TC). They were published in the American Journal of Geriatric
Psychiatry. In this special article, the authors examined the current
and expected impact of the pandemic on individuals with AD (13).

With 201 total citations, Fotuhi et al. produced the third-
highest citation count. This paper was published in the Journal
of Alzheimer’s Disease. The authors reviewed some of the acute
neurological symptoms of patients with SARS-CoV-2 and the
impact of SARS-CoV-2 on Alzheimer’s disease (10).
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TABLE 3 Top 10 for high output and co-cited journals.

Rank Journal Publication TC CPP IF JCR Co-cited journal Co-citations

1 Journal Of Alzheimer’s
Disease

43 710 16.5 4.2 Q2 Lancet 836

2 Frontiers In Psychiatry 25 501 20.0 5.4 Q2 New Engl J Med 788

3a International Journal Of
Molecular Sciences

20 130 6.5 6.2 Q1 Nature 670

3b Journal Of Clinical
Medicine

20 68 3.4 5.0 Q2 Plos One 667

4 Plos One 17 94 5.5 3.8 Q2 J Alzheimer’s Dis 665

5 Frontiers In Neurology 15 203 13.5 4.1 Q2 Alzheimer’s Dement 553

6 Frontiers In Aging
Neuroscience

14 236 16.9 5.7 Q1 P Natl Acad Sci Usa 518

7a Alzheimer’s and
Dementia

13 893 68.7 16.7 Q1 Neurology 516

7b Brain Sciences 13 117 9 3.3 Q3 J Virol 465

7c Frontiers In Public
Health

13 46 3.5 6.5 Q1 Jama-J AmMed Assoc 464

TC, total citations; CPP, citations per publication; IF, the impact factor (2022); JCR, Journal Citation Reports (2022).

Analysis of co-citation references

We performed the analysis of co-citation references with
CiteSpace. We found an evolution of thematic structure in
COVID-19 Alzheimer’s disease research. There were at least 30
citations in this network for these articles, as shown in Figure 6A.
Articles published in 2020 were structured around the themes of
“Alzheimer’s disease,” “ACE-2(angiotensin-converting enzyme-2),”
“caregiver,” and “dementia.” Namely “neurodegeneration,” which
was the primary concern in 2021. The article published in 2022 was
about “memory.” In addition, citation bursts were used to identify
significant references that contributed to knowledge in the field.
CiteSpace identified the top 15 most-cited publications (Figure 6B).
Three articles have the highest citation bursts (n = 2.15). Troyer
et al. published an article in Brain, Behavior, and Immunity on
April 13, 2020. In this article, the authors compare previous
studies’ findings on neuropsychiatric symptoms associated with
coronavirus infection. This paper also discussed its possible
pathogenic mechanism, including virological and immunological
evidence (33). Another article was by Goodman-Casanov et al.,
published in the Journal of Medical Internet Research on April
17, 2020. This article reported their findings during COVID-19
confinement, which show that most of our vulnerable population’s
bodies, minds, and wellbeing were at their best. However, people
who lived alone reported more negative mental reactions and had
more sleep problems (34). Finally, Kehoe et al. published them in
Alzheimer’s Research and Therapy on November 25, 2016, which
reports that ACE-2 activity was reduced in AD and was an essential
regulator of the central classical ACE-1 (angiotensin-converting
enzyme-1)/Ang II (Angiotensin II)/AT1R (angiotensin II type 1
receptor) axis of the RAS (renin-angiotensin system). Also, the
dysregulation of this pathway likely plays a significant role in the
pathogenesis of AD (35).

Analysis of keywords

Using VOSviewer and CiteSpace, this paper analyzes the
co-occurrence of keywords in the network environment to identify
hot topics and possible development directions. In addition,
we also use dictionaries (Supplementary Table S1 was provided
in the file Supplementary material) to incorporate keywords
with similar semantics. COVID-19 replaces SARS-CoV-2, for
instance. VOSviewer identified 2,405 author keywords. Co-
occurrence network-only keywords with more than 11 occurrences
were visualized. Finally, the 27 keywords are divided into
seven color clusters (Figure 7A). The top nine most frequently
used keywords were “COVID-19” (n = 522), “Alzheimer’s
disease” (n = 222), “Parkinson’s disease” (n = 28), “depression”
(n = 25), “atopic dermatitis” (n = 23), “neurodegeneration”
(n = 23), “telemedicine” (n = 23), “inflammation” (n = 21),
and “cognitive impairment” (n = 19). The burst module in
CiteSpace can determine the most frequently used keywords over
time. Figure 7B shows the 10 keywords with the most substantial
citation outbreak, of which “sar” (SARS-CoV-2) was the most
frequent (n = 2.41), followed by “brain” (n = 2.36) and “the
United States” (n = 2.14). In addition, this paper also uses the
keyword coexistence analysis in Citespace to observe it in time
series. The possible development trend in this aspect is analyzed.
According to their average publication year, Figure 7C shows the
keyword root. Dark colors (e.g., purple and scarlet) indicate early
trending keywords, namely, “COVID-19,” “Alzheimer’s disease,”
“depression,” “neuropsychiatric symptom,” “telemedicine,” “social
isolation,” “Parkinson’s disease,” “deep learning,” “brain,” and
“inflammation.” Colors representing recent popular keywords
include saffron and yellow, such as “neuroinflammation,”
“molecular mechanism,” “neurodegenerative disorder,” and
“cognitive function.”
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TABLE 4 Top 10 cited articles.

Rank Title First authors Type Citation Journal Year

1 (29) 2021 Alzheimer’s disease facts and
Figures

Gaugler, J Article 457 Alzheimer’s and
Dementia

2021

2 (13) Anticipating and Mitigating the
Impact of the COVID-19
Pandemic on Alzheimer’s Disease
and Related Dementias

Brown, EE Article 238 American Journal of
Geriatric Psychiatry

2020

3 (10) Neurobiology of COVID-19 Fotuhi, M Review 201 Journal of Alzheimer’s
Disease

2020

4 (28) Long-Term Respiratory and
Neurological Sequelae of
COVID-19

Wang, FZ Review 146 Medical Science Monitor 2020

5 (30) 2022 Alzheimer’s disease facts and
Figures

Gaugler, J Article 113 Alzheimer’s and
Dementia

2022

6 (17) Behavioral and Psychological
Effects of Coronavirus Disease-19
Quarantine in Patients With
Dementia

Cagnin, A Article 108 Frontiers in Psychiatry 2020

7 (31) Living with dementia: increased
level of caregiver stress in times of
COVID-19

Cohen, G Article 106 International
Psychogeriatrics

2020

8 (19) Neuropsychiatric Symptoms and
Quality of Life in Spanish Patients
with Alzheimer’s disease during the
COVID-19 Lockdown

Lara, B Article 104 European Journal of
Neurology

2020

9 (9) A systematic review of neurological
symptoms and Complications of
COVID-19

Chen, XL Review 103 Journal of Neurology 2021

10 (32) COVID-19 and dementia: Analyses
of risk, disparity, and outcomes
from electronic health records in
the US

Wang, QQ Article 88 Alzheimer’s and
Dementia

2021

Discussion

The COVID-19 pandemic was disrupting the world and its
healthcare systems in unprecedented ways, with direct risks and
implications for people with AD that cannot be ignored (13).
During the SARS-CoV-2 pandemic, many articles related to this
issue have been published, as can be seen from its dramatic growth
rate—nearly four times as many papers were published in 2022 as
in 2020.

During this period, the virus mutated. Many variants have
emerged, among which the main lineages pose the greatest global
threat (36). Emerging Omicron variants and their lineages have
led to a rapid and substantial increase in COVID-19 cases globally
while adversely affecting the protective efficacy of existing vaccines
and antibody-based therapies (37). This is worse for AD patients.
Therefore, expect more articles describing SARS-CoV-2′s impact
on AD.

Author analysis

Bonanni, Laura from Gabriele d’Annunzio University (Italy),
Tedeschi, Gioacchino from the University of Campania Luigi
Vanvitelli (Italy), Vanacore, Nicola from Natl Ctr Dis Prevent and
Health Promot (Italy), Reddy, P. Hemachandra from Texas Tech

University (USA) and El Haj, Mohamad from the University of
Nantes (France) were the most prolific authors. Each of them
published four articles. In terms of total citations and citations per
publication, Bonanni, Laura from Gabriele d’Annunzio University
(Italy; 197 TC and 49.25 CPP) and Tedeschi, Gioacchino from
the University of Campania Luigi Vanvitelli (Italy; 184 TC and 46
CPP) ranked first and second, respectively. This result shows that
new scholars can understand how to conduct influential research
and grasp hot issues in this field by reading their works. For
example, in 2020, Bonanni, Laura, Tedeschi, Gioacchino, Vanacore,
Nicola, and El Haj, Mohamad, focused on the behavioral and
psychological effects of COVID-19 on AD patients (17, 18, 38),
and in 2021 and 2022, the focus shifts to the psychiatric impact of
COVID-19 on people with AD and family caregivers (20, 39–42)
as well as the impact of psychological interventions on caregivers
(43) and the risk of vaccination for people with AD (44). Reddy
focused on the relationship between COVID-19 and the neural
mechanisms (45), immunity (46), and clinical manifestations
(47) of AD.

Country and institution analysis

The field of Alzheimer’s disease research for SARS-CoV-
2 has received extensive attention from researchers in 93

Frontiers inNeurology 09 frontiersin.org

https://doi.org/10.3389/fneur.2023.1193768
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Cao et al. 10.3389/fneur.2023.1193768

FIGURE 6

(A) CiteSpace aggregates reference co-citations. Darker colors indicate earlier co-occurrence citation relations between nodes and links. Nodes in a

network named by the first author (year of publication) contain references cited at least 30 times. Citations are positively correlated with the size of

the node. The red text indicates the cluster name automatically recognized by the Citespace LLR algorithm. (B) The top 15 most explosive

references. Red bars indicate burst duration. The burst strength indicates that this paper studies the importance of the field.

countries/regions. Seven of the 10 most productive countries are
developed, and three (China, India, and Brazil) are developing.
The per capita GDP of developed countries is higher than that of
developing countries, and they will care more about their physical
health. In addition, developed countries were also likely to increase
their prevention and research on the new coronavirus. As a result
of COVID-19′s high transmission rate, developing countries still
face severe challenges. This project proposes that research on
Alzheimer’s disease should be increased to promote the healthy
development of developing countries in this area. In addition, most
authors and institutions that published articles are from Italy (3/5
authors and 3/10 institutions) and the United States (1/5 authors
and 3/10 institutions).

The first European country to impose a national lockdown
was Italy, a strict lockdown that prevented people from leaving
their homes for all but basic activities. Alzheimer’s disease (AD)
is a disease that seriously endangers human health. As the elderly
population grows, Alzheimer’s disease will increase (48). In Italy,
11.9% of people who died from COVID-19 between May and
September 2020 had AD or dementia (49). It follows that Italy
invested much money, human resources, and material in AD
research during the SARS-CoV-2 pandemic. Most of the most cited
authors were also from Italy. However, the most cited institutions
were in Canada, followed by Italy. This may be related to the
prevalence of AD. In Canada, the prevalence of Parkinson’s disease
and AD increases dramatically as people age past 65 due to longer
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FIGURE 7

Author keyword analysis. (A) The VOSviewer visualizes keyword co-occurrence networks. Large nodes represent high-frequency keywords; A closer

relationship is indicated by the same color; (B) Top 10 most cited keywords. Red bars indicate burst persistence Time. The stronger the keyword, the

more important it is. (C) From 2020 to 2023 by CiteSpace keyword clusters are named by the LLR algorithm.

life expectancy and increased incidence, both of which are expected
to double in the next 20 years (50).

Journal analysis

The top 10 high-yield journals (Q1/Q2) found in the survey
rank the highest in this field; according to Journal Citation
Reports 2022 (JCR), only one was Q3. In addition to the
number of published papers, journals were also evaluated based
on the number of citations per publication. In front of the
ten productive journals, only Alzheimer’s and Dementia (n =

68.7), Frontiers in Psychiatry (n = 20.0), Frontiers In Aging
Neuroscience (n = 16.9), and Journal of Alzheimer’s Disease
(n = 16.5) exceeded the average citations per publication of all
publications (n = 16.36). The remaining journals were cited less
frequently in the field. To represent the field’s most classical
and influential journals, this paper lists the top 10 most co-cited
journals, such as the Lancet and the New England Journal of
Medicine. Understanding prolific journals can help researchers
choose publishers to submit articles to and master new topics. In

addition, publication in co-cited journals can increase literature
knowledge for future works.

Hotspots and research trends

The relevant knowledge base can be obtained by analyzing
keywords and references. Using VOSviewer and CiteSpace, the
article analyzes keywords and related literature related to COVID-
19 research in AD. The results of the study show that the research
objects were constantly changing. For example, in 2020, articles
were centered on “Alzheimer’s disease,” “COVID-19,” “risk factors,”
“care,” and “Parkinson’s disease,” while in 2021, the topics changed
to “neurodegenerative diseases,” “cognitive impairment,” and “older
adults.” In 2022, the topics changed to “neuroinflammation,” “spike
protein,” “quality of life,” and “neurological complications.” The
following sections build a cluster-based augmented keyword and
citation analysis and have a brief discussion.

Mental health is represented by cluster 1 (red in Figure 7A).
The primary keywords were “anxiety,” “depression,”

“lockdown,” “mental health,” “mild cognitive impairment,”
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and “social isolation,” which were shown in cluster #5 in CiteSpace.
In most countries, the core of COVID-19 restrictions was physical
distancing from others, or even “self-isolation” or “isolation.”
There is strong evidence that being isolated from others damages
mental health (51–53). During the early days of the SARS-CoV-2
pandemic, researchers focused on behavioral and psychological
problems associated with AD (Figure 6A). For example, the
four most cited authors (Bonanni, Laura, Tedeschi, Gioacchino,
Vanacore, Nicola, and El Haj, Mohamad) focused on the behavioral
and psychological effects of COVID-19 and related factors on
patients with AD. They reported that isolation caused a rapid
increase in behavioral and psychological symptoms in about 60%
of patients (17). Confinement appears to affect neuropsychiatric
symptoms and increase levels of depression in Alzheimer’s
disease patients with low baseline cognitive function (18, 41).
For Alzheimer’s disease (AD) patients living in nursing homes in
France, depression and anxiety were higher after the COVID-19
crisis than before (38). In addition, they highlight the mental
impact of SARS-CoV-2 and related factors on family caregivers
and their caregivers. Stress was prevalent among family caregivers
of people with Alzheimer’s disease during the SARS-CoV-2
pandemic (40).

Other researchers have reported this as well. Other researchers
have reported this as well. In Argentina, COVID-19 confinement
increased stress on caregivers independent of the dementia stage
of Alzheimer’s disease. However, those caring for severe cases were
more stressed than those caring for milder disease forms (31).
In addition, researchers compared neuropsychiatric symptoms in
older adults with and without Alzheimer’s dementia. The available
data show that the novel coronavirus epidemic has caused great
adverse consequences for humans, including the mental health
of older people with and without dementia (54). There was a
significant positive correlation between loneliness due to social
isolation and anxiety, depression, and trauma-related distress in
older adults (55). A Spanish study showed that patients with
mild cognitive impairment and AD-induced dementia had negative
changes in neuropsychiatric symptoms, particularly apathy (19).

Cluster 2 represents Alzheimer’s disease and its associated
neural mechanisms.

The primary keywords were “ACE-2,” “Alzheimer’s disease,”
“inflammation,” “neurodegeneration,” “neuroinflammation,”
and “Parkinson’s disease,” which were shown in cluster #0 in
CiteSpace. An estimated 6.2 million (in 2021) and 6.5 million
(in 2022) Americans age 65 and older will have Alzheimer’s
dementia (29, 30). Alzheimer’s disease (AD) has become a
significant complication of SARS-CoV-2 (56, 57). In high-
risk patients, COVID-19 infection can cause pulmonary and
systemic inflammation and damage to multiple organs (58).
Neuroinflammation was one of the pathogenesis of AD.
Neuroinflammation contributes as much to the pathogenesis
of AD as accumulated plaques in old age or passive systems
activated by NFT (neurofibrillary tangles). Systemic inflammation
also affects cognitive function and contributes to the progression of
neurodegenerative diseases (59). A common neuroinflammatory
response exists between COVID-19 and AD (60). ACE-2
(Angiotensin-converting enzyme 2) was related to AD. The brain’s
neurons, glial cells, endothelial cells, and smooth muscle cells

expressed ACE-2. ACE-2 was also expressed in the temporal lobe
and hippocampus. The pathogenesis of AD was linked to these
brain regions (61). ACE-2 expression levels increase with the
severity of AD, according to studies (62, 63). The mechanism
of neural invasion by SARS-CoV-2 may be related to ACE-2
(28, 64). It has been hypothesized that COVID-19 may target
ACE-2 and inhibit its expression or activity, leading to cognitive
dysfunction and exacerbating cognitive dementia in AD patients
(56). “Inhibitors” of ACE-2 have been considered “potential”
treatments for “neurodegenerative disorders” such as “AD” (65).

Cluster 3 represents deep learning and its applications (blue in
Figure 7A).

The primary keywords were “caregivers,” “deep learning,”
“mortality,” and “risk factors,” which were shown in cluster #6 in
CiteSpace. Deep learning (DL) is a computer technology branch of
machine learning. This was a neural network-based algorithm for
data expression learning. It can learn directly from raw data and
use output layers with multiple hidden layers (66). Convolutional
neural networks (CNN), a kind of deep learning, have succeeded in
diagnosing AD because they can automatically extract features (67,
68). Deep learning and CNN, in particular, can help doctors and
patients remotely check for AD, determine the stage of AD based
on the AD spectrum, and provide recommendations for patients
based on their AD stage (69). Al-Adhaileh et al. also reported
that deep learning could be used to classify and recognize AD
(70). Interestingly, deep learning can also be applied to COVID-19
patients to help diagnose COVID-19 (71). One study estimated that
19% of 260 COVID-19 patients with AD died (32). SARS-CoV-2
and AD share similar risk factors, such as advanced age (72–74).
Deep learning has been shown to predict SARS-CoV-2 mortality
in patients with Alzheimer’s, identify risk factors, and relate to the
pathophysiological processes of human disease. This method can
efficiently transform a large amount of medical and biomedical
information, to improve people’s physical quality (75).

In Figure 7A, cluster 4 represents telemedicine (yellow).
The primary keywords were “cognition,” “neurodegenerative

diseases,” “telehealth,” and “telemedicine,” which were shown in
cluster #1 in CiteSpace. Telemedicine, a term introduced in the
1970’s, is a medical procedure in which a doctor and patient
do not physically interact through an interactive multimedia
communication system. Telemedicine refers to the application
of information and communication technology (ICT) to medical
research and provides remote assistance to patients through expert
networks or information exchange between experts and patients
(76). Telemedicine could be used in neurodegenerative diseases,
including Alzheimer’s and Parkinson’s (77). Tele-rehabilitation
was also of note to us, which will make it possible for patients
with neurodegenerative diseases to have access to cognitive
rehabilitation in all situations where the patient and therapist
are not in the same location due to specific limitations (such
as the SARS-CoV-2 pandemic) (78). Gosse et al. also reported
that telemedicine might improve access to health care for people
with AD and related dementias, especially during the COVID-
19 pandemic (79–81). Telemedicine can significantly improve
all aspects of care for people with Alzheimer’s and dementia
(82, 83). Telemedicine can also be applied to conditions like
severe asthma (84, 85). Telemedicine also has good practice

Frontiers inNeurology 12 frontiersin.org

https://doi.org/10.3389/fneur.2023.1193768
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Cao et al. 10.3389/fneur.2023.1193768

for neuropsychological assessment (86). Telemedicine was also
widely used in military medical services (87). In emergencies
such as coronavirus infections, telemedicine is a feasible, safe, and
effective means of health service (88). While telemedicine can help
improve access to health care, patients and caregivers see significant
limitations compared to face-to-face services (89).

Cluster 5 represents vaccine-related issues (purple in
Figure 7A).

The primary keywords were “cognitive impairment,” “COVID-
19,” “vaccination,” and “vaccine.”

In the context of COVID-19, many people have been
vaccinated. Patients can develop breakthrough COVID-19
infections despite vaccination (90). However, vaccination can
prevent severe morbidity and mortality from SARS-CoV-2 in the
general population (91–93). SARS-CoV-2 patients are at high risk
of developing Alzheimer’s disease and need to be vaccinated to
reduce the prevalence of SARS-CoV-2 (94). There was evidence
that SARS-CoV-2 vaccination was safe for adolescents (95).
The SARS-CoV-2 vaccine was also safe and well-tolerated in
patients with cognitive impairment (44). Studies have shown that
COVID-19 vaccines are generally safe overall, but reported adverse
reactions may vary by age and gender (96). Surprisingly, some
people refuse to be vaccinated (97). One reason could be adverse
reactions to vaccinations (98–101).

Limitations

This study has two limitations. First, based on the literature
scale in VOSviewer and CiteSpace, the relevant data of COVID-
19-related Alzheimer’s disease patients were all used in the same
database (WOSCC), and there was a selection bias. Other sources of
data, such as PubMed and Scopus, support only one bibliographic
measurement tool, such as VOSviewer. For this reason, this project
intends to use CiteSpace and VOSviewer to analyze multiple data
sets to reduce selection errors and avoid the analysis of duplicate
data existing in multiple data sets. Secondly, since only papers
published in English were included, language discrimination will
also have a particular impact on this study. Future investigations
should be combined with other language literature to draw
broad conclusions.

Conclusion

The analysis in this article outlines an overview of COVID-19
in AD. During the SARS-CoV-2 pandemic, topics such as “mental
health,” “Alzheimer’s disease and its associated neural mechanisms,”
“deep learning and its applications,” “telemedicine,” and “vaccine-
related issues” have attracted considerable attention. There were a
few suggestions: (1) During the COVID-19 pandemic, especially
with quarantine measures, special attention should be paid to the
mental health of AD patients and their family caregivers, giving
them as much attention as possible; (2) In the context of the
SARS-CoV-2 pandemic, it will be inevitable for AD patients to be
complicated with COVID-19. Research on the neural mechanisms
related to them may be helpful for our treatment. Among them,

the research on neuroinflammation and ACE-2 was active, which
will be the direction of our consideration; (3) deep learning can
contribute to the early diagnosis of AD and COVID-19, which
may be the trend of our research in the future; (4) we can build
more on telemedicine as a viable, safe, and efficient healthcare tool
in exceptional circumstances; (5) vaccination is generally safe and
can reduce severe morbidity and mortality. We should increase
vaccine research, reduce adverse reactions, dispel public concerns,
and protect people’s lives and health.

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 authors.

Author contributions

CC and SL conceived the study, participated in the design, and
drafted the manuscript. GZ and CX participated in data collection
and interpretation. XC and HQ were responsible for redoing the
chart. XL and YL compiled the literature and participated in the
discussion. HC and CB were responsible for guiding the whole
process. All authors contributed to the article and approved the
submitted version.

Funding

This work was funded by the Changsha City Natural Science
Foundation of China (No. kq2208103) and Hunan Provincial
Natural Science Foundation of China (No. 2023JJ40362).

Conflict of interest

The authors declare 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.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.
1193768/full#supplementary-material

Frontiers inNeurology 13 frontiersin.org

https://doi.org/10.3389/fneur.2023.1193768
https://www.frontiersin.org/articles/10.3389/fneur.2023.1193768/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Cao et al. 10.3389/fneur.2023.1193768

References

1. Xia T, Li J, Gao J, Xu X. Small solitary ground-glass nodule on CT as an initial
manifestation of coronavirus disease 2019 (COVID-19) pneumonia. Kor J Radiol.
(2020) 21:545–9. doi: 10.3348/kjr.2020.0240

2. Phelan AL, Katz R, Gostin LO. The novel coronavirus originating in
Wuhan, China challenges for global health governance. J Am Med Assoc. (2020)
323:709–10. doi: 10.1001/jama.2020.1097

3. Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, Gulyaeva AA,
et al. Severe acute respiratory syndrome-related coronavirus: The species and its
viruses - a statement of the Coronavirus Study Group. bioRxiv [Preprint]. (2020).
doi: 10.1101/2020.02.07.937862

4. Sharma AK. Novel coronavirus disease (COVID-19). Reson J Sci Educ. (2020)
25:647–68. doi: 10.1007/s12045-020-0981-3

5. Giacomelli A, Pezzati L, Conti F, Bernacchia D, Siano M, Oreni L, et al.
Self-reported olfactory and taste disorders in patients with severe acute respiratory
coronavirus 2 infection: A cross-sectional study. Clin Infect Dis. (2020) 71:889–
90. doi: 10.1093/cid/ciaa330

6. Montalvan V, Lee J, Bueso T, De Toledo J, Rivas K. Neurological manifestations
of COVID-19 and other coronavirus infections: A systematic review. Clin Neurol
Neurosurg. (2020) 194:105921. doi: 10.1016/j.clineuro.2020.105921

7. De Felice FG, Toval-Moll F, Moll J, Munoz DP, Ferreira S. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and the central nervous system. Trends
Neurosci. (2020) 43:355–7. doi: 10.1016/j.tins.2020.04.004

8. Reichard RR, Kashani KB, Boire NA, Constantopoulos E, Guo Y,
Lucchinetti CF. Neuropathology of COVID-19: A spectrum of vascular and acute
disseminated encephalomyelitis (ADEM)-like pathology. Acta Neuropathol. (2020)
140:1–6. doi: 10.1007/s00401-020-02166-2

9. Chen XL, Laurent S, Onur OA, Kleineberg NN, Fink GR, Schweitzer F, et al. A
systematic review of neurological symptoms and complications of COVID-19. J Neurol.
(2021) 268:392–402. doi: 10.1007/s00415-020-10067-3

10. Fotuhi M, Mian A, Meysami S, Raji CA. Neurobiology of COVID-19. J
Alzheimer’s Dis. (2020) 76:3–19. doi: 10.3233/JAD-200581

11. Saiegh FA, Ghosh R, Leibold A, Avery MB, Schmidt RF, Theofanis T, et al. Status
of SARS-CoV-2 in cerebrospinal fluid of patients with COVID-19 and stroke. J Neurol
Neurosurg Psychiatry. (2020) 91:846–8. doi: 10.1136/jnnp-2020-323522

12. Bostanciklioglu M. Severe acute respiratory syndrome coronavirus
2 is penetrating to dementia research. Curr Neurovasc Res. (2020)
17:342–3. doi: 10.2174/1567202617666200522220509

13. Brown EE, Kumar S, Rajji TK, Pollock BG, Mulsant BH. Anticipating and
mitigating the impact of the COVID-19 pandemic on Alzheimer’s disease and related
dementias. Am J Geriatr Psychiatry. (2020) 28:712–21. doi: 10.1016/j.jagp.2020.04.010

14. Hwang J-M, Kim J-H, Park J-S, Chang MC, Park D. Neurological diseases as
mortality predictive factors for patients with COVID-19: A retrospective cohort study.
Neurolog Sci. (2020) 41:2317–24. doi: 10.1007/s10072-020-04541-z

15. Isaia G, Marinello R, Tibaldi V, Tamone C, Bo M. Atypical presentation of
COVID-19 in an older adult with severe Alzheimer’s disease. Am J Geriatr Psychiatry.
(2020) 28:790–1. doi: 10.1016/j.jagp.2020.04.018

16. Brodaty H, Donkin M. Family caregivers of people with dementia. Dialog Clin
Neurosci. (2009) 11:217–28. doi: 10.31887/DCNS.2009.11.2/hbrodaty

17. Cagnin A, Di Lorenzo R, Marra C, Bonanni L, Cupidi C, Laganà V, et al.
Behavioral and psychological effects of coronavirus disease-19 quarantine in patients
with dementia. Front Psychiatry. (2020) 11:58015. doi: 10.3389/fpsyt.2020.578015

18. Boutoleau-Bretonnière C, Pouclet-Courtemanche H, Gillet A, Bernard A, Deruet
AL, Gouraud I, et al. The effects of confinement on neuropsychiatric symptoms in
Alzheimer’s disease during the COVID-19 crisis. J Alzheimer’s Dis. (2020) 76:41–
7. doi: 10.3233/JAD-200604

19. Lara B, Carnes A, Dakterzada F, Benitez I, Piñol-Ripoll G. Neuropsychiatric
symptoms and quality of life in Spanish patients with Alzheimer’s disease during the
COVID-19 lockdown. Eur J Neurol. (2020) 27:1744–7. doi: 10.1111/ene.14339

20. Rainero I, Bruni AC, Marra C, Cagnin A, Bonanni L, Cupidi C, et al. The impact
of COVID-19 quarantine on patients with dementia and family caregivers: A Nation-
Wide Survey. Front Aging Neurosci. (2021) 12:625781. doi: 10.3389/fnagi.2020.625781

21. Chen C, Dubin R, Kim MC. Emerging trends and new developments in
regenerative medicine: A scientometric update (2000 - 2014). Expert Opin Biol Ther.
(2014) 14:1295–317. doi: 10.1517/14712598.2014.920813

22. Wang Q, Yang Z, Yang Y, Long C, Li H. A bibliometric analysis of research
on the risk of engineering nanomaterials during 1999-2012. Sci Tot Environ. (2014)
473:483–9. doi: 10.1016/j.scitotenv.2013.12.066

23. Lu C, Bing Z, Bi Z, Liu M, Lu T, Xun Y, et al. Top-100 most cited publications
concerning network pharmacology: A bibliometric analysis. Evid Based Complement
Alternat Med. (2019) 2019:1704816. doi: 10.1155/2019/1704816

24. Chen CM. Searching for intellectual turning points: Progressive
knowledge domain visualization. Proc Natl Acad Sci USA. (2004)
101:5303–10. doi: 10.1073/pnas.0307513100

25. van Eck NJ, Waltman L. Software survey: VOSviewer, a computer
program for bibliometric mapping. Scientometrics. (2010) 84:523–
38. doi: 10.1007/s11192-009-0146-3

26. Wu YN,Wang H,Wang Z, Zhang B, Meyer BD. Knowledge mapping analysis of
rural landscape using CiteSpace. Sustainability. (2020) 12:17. doi: 10.3390/su12010066

27. Cao H, Ou H, Ju W, Pan M, Xue H, Zhu F. Visual analysis of
international environmental security management research (1997-2021)
based on VOSviewer and CiteSpace. Int J Environ Res Public Health. (2023)
20:32601. doi: 10.3390/ijerph20032601

28. Wang FZ, Kream RM, Stefano GB. Long-term respiratory and neurological
sequelae of COVID-19.Med Sci Monit. (2020) 26:10. doi: 10.12659/MSM.928996

29. Alzheimer’s disease facts and figures. Alzheimer’s Dement. (2021) 17:327–
406. doi: 10.1002/alz.12328

30. Alzheimer’s Association. 2022 Alzheimer’s disease facts and figures. Alzheimer’s
Dement. (2022) 18:700–89. doi: 10.1002/alz.12638

31. Cohen G, Russo MJ, Campos JA, Allegri RF. Living with dementia: Increased
level of caregiver stress in times of COVID-19. Int Psychogeriatr. (2020) 32:1377–
81. doi: 10.1017/S1041610220001593

32. Wang Q, Davis PB, Gurney ME, Xu R. COVID-19 and dementia: Analyses of
risk, disparity, and outcomes from electronic health records in the US. Alzheimer’s
Dement. (2021) 17:1297–306. doi: 10.1002/alz.12296

33. Troyer EA, Kohn JN, Hong S. Are we facing a crashing wave of neuropsychiatric
sequelae of COVID-19? Neuropsychiatric symptoms and potential immunologic
mechanisms. Brain Behav Immunity. (2020) 87:34–9. doi: 10.1016/j.bbi.2020.04.027

34. Goodman-Casanova JM, Dura-Perez E, Guzman-Parra J, Cuesta-Vargas A,
Mayoral-Cleries F. Telehealth home support during COVID-19 confinement for
community-Dwelling older adults with mild cognitive impairment or mild dementia:
Survey study. J Med Internet Res. (2020) 22:19434. doi: 10.2196/19434

35. Kehoe PG, Wong S, Mulhim NA, Palmer LE, Miners JS. Angiotensin-converting
enzyme 2 is reduced in Alzheimer’s disease in association with increasing amyloid-beta
and tau pathology. Alzheimer’s Res Ther. (2016) 8:7. doi: 10.1186/s13195-016-0217-7

36. Obeid D, Al-Qahtani A, Almaghrabi R, Alghamdi S, Alsanea M, Alahideb
B, et al. Analysis of SARS-CoV-2 genomic surveillance data during the Delta and
Omicron waves at a Saudi tertiary referral hospital. J Infect Public Health. (2023)
16:171–81. doi: 10.1016/j.jiph.2022.12.007

37. Dhama K, Nainu F, Frediansyah A, Yatoo MI, Mohapatra RK, Chakraborty
S, et al. Global emerging Omicron variant of SARS-CoV-2: Impacts, challenges and
strategies. J Infect Public Health. (2023) 16:4–14. doi: 10.1016/j.jiph.2022.11.024

38. Haj ME, Altintas E, Chapelet G, Kapogiannis D, Gallouj K. High depression
and anxiety in people with Alzheimer’s disease living in retirement homes during the
COVID-19 crisis. Psychiatry Res. (2020) 291:5. doi: 10.1016/j.psychres.2020.113294

39. Carrarini C, Russo M, Dono F, Barbone F, Rispoli MG, Ferri L, et al. Agitation
and dementia: Prevention and treatment strategies in acute and chronic conditions.
Front Neurol. (2021) 12:18. doi: 10.3389/fneur.2021.644317

40. Zucca M, Isella V, Di Lorenzo R, Marra C, Cagnin A, Cupidi C, et al. Being
the family caregiver of a patient with dementia during the coronavirus disease 2019
lockdown. Front Aging Neurosci. (2021) 13:14. doi: 10.3389/fnagi.2021.653533

41. El Haj M, Moustafa AA, Gallouj K. Higher depression of patients with
Alzheimer’s disease during than before the lockdown. J Alzheimer’s Dis. (2021)
81:1375–9. doi: 10.3233/JAD-210190

42. Haj ME, Boutoleau-Bretonnière C, Allain P, Kapogiannis D, Chapelet
G, Gallouj K. On COVID-19 and mental health An observational study on
depression, anxiety, and loneliness during the second lockdown in patients
with Alzheimer disease. Medicine. (2022) 101:4. doi: 10.1097/MD.00000000000
29145

43. De Stefano M, Esposito S, Iavarone A, Mazzi MC, Siciliano M, Buonanno D,
et al. Effects of phone-based psychological intervention on caregivers of patients with
early-onset Alzheimer’s disease: A six-months study during the COVID-19 emergency
in Italy. Brain Sci. (2022) 12:9. doi: 10.3390/brainsci12030310

44. Valletta M, Canevelli M, D’Antonio F, Trebbastoni A, Talarico G, Campanelli A,
et al. Prevalence and safety of COVID-19 vaccination in community-Dwelling people
with dementia: Findings from a Tertiary Memory Clinic in Italy. J Alzheimer’s Dis.
(2022) 87:1467–74. doi: 10.3233/JAD-220077

45. Vallamkondu J, John A, Wani WY, Ramadevi SP, Jella KK, Reddy H,
et al. SARS-CoV-2 pathophysiology and assessment of coronaviruses in CNS
diseases with a focus on therapeutic targets. Biochim Biophys Acta. (2020)
1866:12. doi: 10.1016/j.bbadis.2020.165889

Frontiers inNeurology 14 frontiersin.org

https://doi.org/10.3389/fneur.2023.1193768
https://doi.org/10.3348/kjr.2020.0240
https://doi.org/10.1001/jama.2020.1097
https://doi.org/10.1101/2020.02.07.937862
https://doi.org/10.1007/s12045-020-0981-3
https://doi.org/10.1093/cid/ciaa330
https://doi.org/10.1016/j.clineuro.2020.105921
https://doi.org/10.1016/j.tins.2020.04.004
https://doi.org/10.1007/s00401-020-02166-2
https://doi.org/10.1007/s00415-020-10067-3
https://doi.org/10.3233/JAD-200581
https://doi.org/10.1136/jnnp-2020-323522
https://doi.org/10.2174/1567202617666200522220509
https://doi.org/10.1016/j.jagp.2020.04.010
https://doi.org/10.1007/s10072-020-04541-z
https://doi.org/10.1016/j.jagp.2020.04.018
https://doi.org/10.31887/DCNS.2009.11.2/hbrodaty
https://doi.org/10.3389/fpsyt.2020.578015
https://doi.org/10.3233/JAD-200604
https://doi.org/10.1111/ene.14339
https://doi.org/10.3389/fnagi.2020.625781
https://doi.org/10.1517/14712598.2014.920813
https://doi.org/10.1016/j.scitotenv.2013.12.066
https://doi.org/10.1155/2019/1704816
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.3390/su12010066
https://doi.org/10.3390/ijerph20032601
https://doi.org/10.12659/MSM.928996
https://doi.org/10.1002/alz.12328
https://doi.org/10.1002/alz.12638
https://doi.org/10.1017/S1041610220001593
https://doi.org/10.1002/alz.12296
https://doi.org/10.1016/j.bbi.2020.04.027
https://doi.org/10.2196/19434
https://doi.org/10.1186/s13195-016-0217-7
https://doi.org/10.1016/j.jiph.2022.12.007
https://doi.org/10.1016/j.jiph.2022.11.024
https://doi.org/10.1016/j.psychres.2020.113294
https://doi.org/10.3389/fneur.2021.644317
https://doi.org/10.3389/fnagi.2021.653533
https://doi.org/10.3233/JAD-210190
https://doi.org/10.1097/MD.0000000000029145
https://doi.org/10.3390/brainsci12030310
https://doi.org/10.3233/JAD-220077
https://doi.org/10.1016/j.bbadis.2020.165889
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Cao et al. 10.3389/fneur.2023.1193768

46. Holder K, Reddy PH. The COVID-19 effect on the immune system and
mitochondrial dynamics in diabetes, obesity, and dementia. Neuroscientist. (2021)
27:331–9. doi: 10.1177/1073858420960443

47. Dewanjee S, Vallamkondu J, Kalra RS, Puvvada N, Kandimalla R, Reddy PH.
Emerging COVID-19 neurological manifestations: Present outlook and potential
neurological challenges in COVID-19 pandemic. Mol Neurobiol. 58:4694–715.
doi: 10.1007/s12035-021-02450-6

48. Brookmeyer R, Johnson E, Ziegler-Graham K, Arrighi HM. Forecasting
the global burden of Alzheimer’s disease. Alzheimer’s Dement. (2007) 3:186–
91. doi: 10.1016/j.jalz.2007.04.381

49. Grippo F, Grande E, Maraschini A, Navarra S, Pappagallo M, Marchetti
S, et al. Evolution of pathology patterns in persons who died from COVID-
19 in Italy: A national study based on death certificates. Front Med. (2021)
8:8. doi: 10.3389/fmed.2021.645543

50. Gaskin J, Gomes J, Darshan S, Krewski D. Burden of neurological conditions in
Canada. Neurotoxicology. (2017) 61:2–10. doi: 10.1016/j.neuro.2016.05.001

51. Leigh-Hunt N, Bagguley D, Bash K, Turner V, Turnbull S, Valtorta N, et al.
An overview of systematic reviews on the public health consequences of social
isolation and loneliness. Public Health. (2017) 152:157–71. doi: 10.1016/j.puhe.2017.
07.035

52. Smith KJ, Victor C. Typologies of loneliness, living alone and social isolation,
and their associations with physical and mental health. Ageing Soc. (2019) 39:1709–
30. doi: 10.1017/S0144686X18000132

53. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al.
The psychological impact of quarantine and how to reduce it: rapid review of the
evidence. Lancet. (2020) 395:912–20. doi: 10.1016/S0140-6736(20)30460-8

54. Manca R, De Marco M, Venneri A. The impact of COVID-19 infection
and enforced prolonged social isolation on neuropsychiatric symptoms in
older adults with and without dementia: A review. Front Psychiatry. (2020)
11:11. doi: 10.3389/fpsyt.2020.585540

55. Shrira A, et al. COVID-19-related loneliness and psychiatric symptoms among
older adults: The buffering role of subjective age. Am J Geriatr Psychiatry. (2020)
28:1200–4. doi: 10.1016/j.jagp.2020.05.018

56. Xia XH, Wang Y, Zheng JL. COVID-19 and Alzheimer’s disease:
How one crisis worsens the other. Transl Neurodegener. (2021)
10:17. doi: 10.1186/s40035-021-00237-2

57. Ciaccio M, Sasso BL, Scazzone C, Gambino CM, Ciaccio AM,
Bivona G, et al. COVID-19 and Alzheimer’s disease. Brain Sci. (2021)
11:10. doi: 10.3390/brainsci11030305

58. Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical characteristics
of 113 deceased patients with coronavirus disease 2019: Retrospective study. Br Med J.
(2020) 368:m1091. doi: 10.1136/bmj.m1091

59. Calsolaro V, Edison P. Neuroinflammation in Alzheimer’s disease. Lancet Neurol.
(2015) 14:388–405. doi: 10.1016/S1474-4422(15)70016-5

60. Zhou Y, Xu J, Hou Y, Leverenz JB, Kallianpur A, Mehra R, et al. Network
medicine links SARS-CoV-2/COVID-19 infection to brain microvascular injury and
neuroinflammation in dementia-like cognitive impairment. Alzheimer’s Res Ther.
(2021) 13:19. doi: 10.1186/s13195-021-00850-3

61. DongM, Zhang J, Ma X, Tan J, Chen L, Liu S, et al. ACE2, TMPRSS2 distribution
and extrapulmonary organ injury in patients with COVID-19. Biomed Pharmacother.
(2020) 131:110678. doi: 10.1016/j.biopha.2020.110678

62. Lim K-H, Yang S, Kim S-H, Joo J-Y. Elevation of ACE2 as a SARS-CoV-
2 entry receptor gene expression in Alzheimer’s disease. J Infect. (2020) 81:E33–
4. doi: 10.1016/j.jinf.2020.06.072

63. Cao Y, Li L, Feng Z, Wan S, Huang P, Sun X, et al. Comparative genetic analysis
of the novel coronavirus (2019-nCoV/SARS-CoV-2) receptor ACE2 in different
populations. Cell Discov. (2020) 6:1. doi: 10.1038/s41421-020-0147-1

64. Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q. Structural basis for
the recognition of SARS-CoV-2 by full-length human ACE2. Science. (2020)
367:1444. doi: 10.1126/science.abb2762

65. Kaur P, Muthuraman A, Kaur M. The implications of angiotensin-converting
enzymes and their modulators in neurodegenerative disorders: Current and future
perspectives. ACS Chem Neurosci. (2015) 6:508–21. doi: 10.1021/cn500363g

66. Rusk N. Deep learning. Nat Methods. (2016) 13:35–35. doi: 10.1038/nmeth.3707

67. Li F, Tran L, Thung KH, Ji S, Shen D, Li J. A robust deep model for improved
classification of AD/MCI patients. IEEE J Biomed Health Informat. (2015) 19:1610–
6. doi: 10.1109/JBHI.2015.2429556

68. Voulodimos A, Doulamis N, Doulamis A, Protopapadakis E. Deep
learning for computer vision: A brief review. Comput Intell Neurosci. (2018)
2018:7068349. doi: 10.1155/2018/7068349

69. Helaly HA, Badawy M, Haikal AY. Deep learning approach for
early detection of Alzheimer’s disease. Cognit Comput. (2022) 14:1711–
27. doi: 10.1007/s12559-021-09946-2

70. Al-Adhaileh MH. Diagnosis and classification of Alzheimer’s disease by
using a convolution neural network algorithm. Soft Comput. (2022) 26:7751–
62. doi: 10.1007/s00500-022-06762-0

71. Barbosa EJM, Gefter WB, Ghesu FC, Liu S, Mailhe B, Mansoor A,
et al. Automated detection and quantification of COVID-19 airspace disease on
chest radiographs a novel approach achieving expert radiologist-level performance
using a deep convolutional neural network trained on digital reconstructed
radiographs from computed tomography-derived ground truth. Invest Radiol. (2021)
56:471–9. doi: 10.1097/rli.0000000000000763

72. Akter S, Roy AS, Tonmoy MIQ, Islam MS. Deleterious single
nucleotide polymorphisms (SNPs) of human IFNAR2 gene facilitate
COVID-19 severity in patients: A comprehensive in silico approach. J
Biomol Struct Dyn. (2021) 2021:1957714. doi: 10.1080/07391102.2021.
1957714

73. Knopman DS, Amieva H, Petersen RC, Chételat G, Holtzman
DM, Hyman BT, et al. Alzheimer’s disease. Nat Rev Dis Prim. (2021)
7:269. doi: 10.1038/s41572-021-00269-y

74. Dessie ZG, Zewotir T. Mortality-related risk factors of COVID-19: A systematic
review and meta-analysis of 42 studies and 423,117 patients. BMC Infect Dis. (2021)
21:3. doi: 10.1186/s12879-021-06536-3

75. Akter S, Das D, Ul Haque R, Tonmoy MIQ, Hasan MR, Mahjabeen S, et al. AD-
CovNet: An exploratory analysis using a hybrid deep learning model to handle data
imbalance, predict fatality, and risk factors in Alzheimer’s patients with COVID-19.
Comput Biol Med. (2022) 146:19. doi: 10.1016/j.compbiomed.2022.105657

76. Mantovani E, Zucchella C, Bottiroli S, Federico A, Giugno R, Sandrini G,
et al. Telemedicine and virtual reality for cognitive rehabilitation: A roadmap for the
COVID-19 pandemic. Front Neurol. (2020) 11:8. doi: 10.3389/fneur.2020.00926

77. De Marchi F, Contaldi E, Magistrelli L, Cantello R, Comi C, Mazzini L.
Telehealth in neurodegenerative diseases: Opportunities and challenges for patients
and physicians. Brain Sci. (2021) 11:22. doi: 10.3390/brainsci11020237

78. Bernini S, Stasolla F, Panzarasa S, Quaglini S, Sinforiani E, Sandrini
G, et al. Cognitive telerehabilitation for older adults with neurodegenerative
diseases in the COVID-19 era: A perspective study. Front Neurol. (2021)
11:8. doi: 10.3389/fneur.2020.623933

79. Gosse PJ, Kassardjian CD, Masellis M, Mitchell SB. Virtual care for patients with
Alzheimer disease and related dementias during the COVID-19 era and beyond. Can
Med Assoc J. (2021) 193:E371–7. doi: 10.1503/cmaj.201938

80. Izquierdo-Dominguez A, Rojas-Lechuga MJ, Alobid I.
Management of allergic diseases during COVID-19 outbreak.
Curr Allergy Asthma Rep. (2021) 21:10. doi: 10.1007/s11882-021-0
0989-x

81. Moreira-Constantin B, Carpen-Padovani G, Cordeiro-Gaede AV, Chamma-
Coelho A, Martínez-Souza RK, Nisihara R. Telemedicine in the monitoring of patients
with dementia: A Brazilians caregivers’s perspective. Rev Neurol. (2022) 74:285–90.

82. Angelopoulou E, Papachristou N, Bougea A, Stanitsa E, Kontaxopoulou D,
Fragkiadaki S, et al. How telemedicine can improve the quality of care for patients with
Alzheimer’s disease and related dementias? A narrative review. Medicina-Lithuania.
(2022) 58:29. doi: 10.3390/medicina58121705

83. Ousset PJ, Vellas B. Impact of the COVID-19 outbreak on the clinical and
research activities of memory clinics: An Alzheimer’s disease center facing the COVID-
19 crisis. J Prev Alzheimer’s Dis. (2020) 7:197–8. doi: 10.14283/jpad.2020.17

84. Tobor-Swietek E, et al. COVID-19 pandemic and patients with rare
inherited metabolic disorders and rare autoinflammatory diseases-organizational
challenges from the point of view of healthcare providers. J Clin Med. (2021)
10:12. doi: 10.3390/jcm10214862

85. Guarnieri G, Caminati M, Achille A, Vaia R, Bianchi FC, Senna G, et al. Severe
asthma, telemedicine, and self-administered therapy: Listening first to the patient. J
Clin Med. (2022) 11:5. doi: 10.3390/jcm11040960

86. Brearly TW, Shura RD,Martindale SL, Lazowski RA, LuxtonDD, Shenal BV, et al.
Neuropsychological test administration by videoconference: A systematic review and
meta-analysis. Neuropsychol Rev. (2017) 27:174–86. doi: 10.1007/s11065-017-9349-1

87. Pasquier P, Luft A, Gillard J, Boutonnet M, Vallet C, Pontier J-M, et al.
How do we fight COVID-19? Military medical actions in the war against
the COVID-19 pandemic in France. Br Med J Milit Health. (2021) 167:269–
74. doi: 10.1136/bmjmilitary-2020-001569

88. Zhang JR, Chua QHA, Shen XM, Viseikumaran JA, Teoh T, Tan NG. A
systematic implementation of telemedicine in Singapore’s COVID-19 community
recovery facilities. Telemed E-Health. (2022) 28:1587–94. doi: 10.1089/tmj.2021.0466

89. Macchi ZA, Ayele R, Dini M, Lamira J, Katz M, Pantilat SZ, et al. Lessons
from the COVID-19 pandemic for improving outpatient neuropalliative care: A
qualitative study of patient and caregiver perspectives. Palliat Med. (2021) 35:1258–
66. doi: 10.1177/02692163211017383

90. John BV, Deng Y, Schwartz KB, Taddei TH, Kaplan DE, Martin P, et al.
Postvaccination COVID-19 infection is associated with reduced mortality in patients
with cirrhosis. Hepatology. (2022) 76:126–38. doi: 10.1002/hep.32337

Frontiers inNeurology 15 frontiersin.org

https://doi.org/10.3389/fneur.2023.1193768
https://doi.org/10.1177/1073858420960443
https://doi.org/10.1007/s12035-021-02450-6
https://doi.org/10.1016/j.jalz.2007.04.381
https://doi.org/10.3389/fmed.2021.645543
https://doi.org/10.1016/j.neuro.2016.05.001
https://doi.org/10.1016/j.puhe.2017.07.035
https://doi.org/10.1017/S0144686X18000132
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.3389/fpsyt.2020.585540
https://doi.org/10.1016/j.jagp.2020.05.018
https://doi.org/10.1186/s40035-021-00237-2
https://doi.org/10.3390/brainsci11030305
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1016/S1474-4422(15)70016-5
https://doi.org/10.1186/s13195-021-00850-3
https://doi.org/10.1016/j.biopha.2020.110678
https://doi.org/10.1016/j.jinf.2020.06.072
https://doi.org/10.1038/s41421-020-0147-1
https://doi.org/10.1126/science.abb2762
https://doi.org/10.1021/cn500363g
https://doi.org/10.1038/nmeth.3707
https://doi.org/10.1109/JBHI.2015.2429556
https://doi.org/10.1155/2018/7068349
https://doi.org/10.1007/s12559-021-09946-2
https://doi.org/10.1007/s00500-022-06762-0
https://doi.org/10.1097/rli.0000000000000763
https://doi.org/10.1080/07391102.2021.1957714
https://doi.org/10.1038/s41572-021-00269-y
https://doi.org/10.1186/s12879-021-06536-3
https://doi.org/10.1016/j.compbiomed.2022.105657
https://doi.org/10.3389/fneur.2020.00926
https://doi.org/10.3390/brainsci11020237
https://doi.org/10.3389/fneur.2020.623933
https://doi.org/10.1503/cmaj.201938
https://doi.org/10.1007/s11882-021-00989-x
https://doi.org/10.3390/medicina58121705
https://doi.org/10.14283/jpad.2020.17
https://doi.org/10.3390/jcm10214862
https://doi.org/10.3390/jcm11040960
https://doi.org/10.1007/s11065-017-9349-1
https://doi.org/10.1136/bmjmilitary-2020-001569
https://doi.org/10.1089/tmj.2021.0466
https://doi.org/10.1177/02692163211017383
https://doi.org/10.1002/hep.32337
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Cao et al. 10.3389/fneur.2023.1193768

91. Shields AM, Faustini SE, Hill HJ, Al-Taei S, Tanner C, Ashford F, et al. SARS-
CoV-2 vaccine responses in individuals with antibody deficiency: Findings from the
COV-AD study. J Clin Immunol. (2022) 42:923–34. doi: 10.1007/s10875-022-01231-7

92. Porru S, Spiteri G, Monaco MGL, Valotti A, Carta A, Lotti V, et al. Post-
vaccination SARS-CoV-2 infections among health workers at the university
hospital of Verona, Italy: A retrospective cohort survey. Vaccines. (2022)
10:13. doi: 10.3390/vaccines10020272

93. Stupica D, Collinet-Adler S, KejŽar N, Jagodic Z, Poljak M, Klevišar MN.
The impact of SARS-CoV-2 primary vaccination in a cohort of patients hospitalized
for acute COVID-19 during delta variant predominance. J Clin Med. (2022)
11:10. doi: 10.3390/jcm11051191

94. Wang F, Xu J, Xu S-J, Guo J-J, Wang F, Wang Q-W. Analysis and identification
genetic effect of SARS-CoV-2 infections to Alzheimer’s disease patients by integrated
bioinformatics. J Alzheimer’s Dis. (2022) 85:729–44. doi: 10.3233/JAD-215086

95. Ng NBH, Appleby GF, Thong XY, Ong SKA, Hii SZW, Tan IKZ, et al.
COVID-19 vaccination-related attendance at a pediatric emergency department in
Singapore among 12-to 18-year old adolescents. Pediatr Neonatol. (2022) 63:633–
41. doi: 10.1016/j.pedneo.2022.05.010

96. Xiong X, Yuan J, Li M, Jiang B, Lu ZK. Age and gender disparities in
adverse events following COVID-19 vaccination: Real-world evidence based on

big data for risk management. Front Med. (2021) 8:5. doi: 10.3389/fmed.2021.
700014

97. Cocchio S, Tremolada G, Furlan P, Nicoletti M, Zabeo F, Fonzo M, et al. “Would
you get vaccinated against COVID-19?” The picture emerging from a study on the
prevalence of SARS-CoV-2 infection in the general population of the Veneto region.
Vaccines. (2022) 10:30365. doi: 10.3390/vaccines10030365

98. Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, et al. Myocarditis
after COVID-19 vaccination in a large health care organization. N Engl J Med. (2021)
385:2132–9. doi: 10.1056/NEJMoa2110737

99. McMahon DE, Amerson E, Rosenbach M, Lipoff JB, Moustafa D, Tyagi
A, et al. Cutaneous reactions reported after Moderna and Pfizer COVID-19
vaccination: A registry-based study of 414 cases. J Am Acad Dermatol. (2021) 85:46–
55. doi: 10.1016/j.jaad.2021.03.092

100. Kaplan RM, Milstein A. Influence of a COVID-19 vaccine’s
effectiveness and safety profile on vaccination acceptance. Proc
Natl Acad Sci USA. (2021) 118:5. doi: 10.1073/pnas.20217
26118

101. Chen M, Li Y, Chen J, Wen Z, Feng F, Zou H, et al. An online survey of the
attitude and willingness of Chinese adults to receive COVID-19 vaccination. Hum
Vaccin Immunother. (2021) 17:2279–88. doi: 10.1080/21645515.2020.1853449

Frontiers inNeurology 16 frontiersin.org

https://doi.org/10.3389/fneur.2023.1193768
https://doi.org/10.1007/s10875-022-01231-7
https://doi.org/10.3390/vaccines10020272
https://doi.org/10.3390/jcm11051191
https://doi.org/10.3233/JAD-215086
https://doi.org/10.1016/j.pedneo.2022.05.010
https://doi.org/10.3389/fmed.2021.700014
https://doi.org/10.3390/vaccines10030365
https://doi.org/10.1056/NEJMoa2110737
https://doi.org/10.1016/j.jaad.2021.03.092
https://doi.org/10.1073/pnas.2021726118
https://doi.org/10.1080/21645515.2020.1853449
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Global trends in COVID-19 Alzheimer's related research: a bibliometric analysis
	Introduction
	Methods and materials
	Search strategy
	Data extraction and analytical methods

	Results
	General data
	Top contributing authors
	Top contributing institutions
	Top contributing countries
	Top contributing and co-cited journals
	Top cited articles
	Analysis of co-citation references
	Analysis of keywords

	Discussion
	Author analysis
	Country and institution analysis
	Journal analysis
	Hotspots and research trends
	Limitations

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


