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Abstract

Background: The global aging population poses critical challenges for long-term care (LTC), including workforce shortages,
escalating health care costs, and increasing demand for high-quality care. Integrating artificial intelligence (Al), the Internet of
Things (10oT), and edge intelligence (El) offers transformative potential to enhance care quality, improve safety, and streamline
operations. However, existing research lacks a comprehensive analysis that synthesizes academic trends, public interest, and
deeper insights regarding these technologies.

Objective: This study aims to provide a holistic overview of Al, 10T, and El applications in LTC for older adults through a
comprehensive bibliometric analysis, public interest insights from Google Trends, and content analysis of the top-cited research
papers.

Methods: Bibliometric analysis was conducted using data from Web of Science, PubMed, and Scopus to identify key themes
and trends in the field, while Google Trends was used to assess public interest. A content analysis of the top 1% of most-cited
papers provided deeper insights into practical applications.

Results: A total of 6378 papers published between 2014 and 2023 were analyzed. The bibliometric analysis reveded that the
United States, China, and Canada are leading contributors, with strong thematic overlapsin areas such as dementia care, machine
learning, and wearable health monitoring technologies. High correlations were found between academic and public interest, in
key topics such as “long-term care” (1=0.89, P<.001) and “caregiver” (1=0.72, P=.004). The content analysis demonstrated that
social robots, particularly PARO, significantly improved mood and reduced agitation in patients with dementia. However,
limitations, including small sample sizes, short study durations, and a narrow focus on dementia care, were noted.

Conclusions: Al, loT, and EI collectively form a powerful ecosystem in LTC settings, addressing different aspects of care for
older adults. Our study suggests that increased international collaboration and the integration of emerging themes such as
“rehabilitation,” “stroke,” and “mHealth” are necessary to meet the evolving care needs of this population. Additionally,
incorporating high-interest keywords such as “machine learning,” “smart home,” and “caregiver” can enhance discoverability

https://www.jmir.org/2025/1/e56692 JMed Internet Res 2025 | vol. 27 | €56692 | p. 1
(page number not for citation purposes)


mailto:rchung@nhri.edu.tw
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Chieneta

and relevance for both academic and public audiences. Future research should focus on expanding sample sizes, conducting
long-term multicenter trials, and exploring broader health conditions beyond dementia, such as frailty and depression.

(J Med Internet Res 2025;27:€56692) doi: 10.2196/56692
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Introduction

The global long-term care (LTC) sector faces significant
challenges, primarily driven by an aging population and
increasing demand for services [1]. This surge strains existing
systems, exposing critical issues such as workforce shortages
and the physically and emotionally demanding nature of LTC
work [2,3]. Additionally, the rising costs associated with
delivering high-quality care challenge the sustainability of
current LTC models, emphasizing the urgent need for innovative
and efficient solutions [4,5]. In this context, integrating
technologies such as artificia intelligence (Al), the Internet of
Things (1oT), and edge intelligence (El) into LTC presents
substantial advantages [6]. Al facilitates predictive health care
by enabling timely interventions and personaized care
strategies, while 10T devices such as sensors and wearables
provide continuous health monitoring, enhancing resident safety
and autonomy [7,8]. EI complements these technologies by
enabling real-time decison-making through local data
processing, reducing latency, and improving responsivenessin
care settings [9,10]. Together, these not only improve care
quality but also alleviate the workload of health care staff by
automating routine tasks.

Numerous studies have investigated the adoption and
understanding of these technologies through methods such as
bibliometric analysis, Google Trends, and content analysis.
Bibliometric analysis provides a quantitative evaluation of
academic literature, highlighting key contributors, research
trends, and emerging topics within afield [11]. Google Trends
offersvaluableinsightsinto public interest and search behaviors,
tracking the popularity of specific topics across regions over
time[12]. Meanwhile, content analysis allows for a qualitative
examination of thematic patterns and sentiment across textual
data sources [13]. Representative examples are as follows:
Maugeri et al [14] analyzed global public and research interest
in telemedicine from 2017 to 2022 using Google Trends and
bibliometric data, highlighting the impact of COVID-19 on
interest and publication growth; Wang et a [15] mapped the
global research landscape on Al applicationsin geriatricsusing
bibliometric analysis, identifying major contributors and key
topics such as dementia and Alzheimer’s care. Additionally,
Voleti and Bhat [16] conducted a bibliometric analysis focused
on loT and edge computing in health care, revealing the growing
application of these technologies in smart health care, with
significant challenges in data management and scalability.
Similarly, Ziwei et al [17] performed a deep bibliometric study
on loT in smart health care, highlighting key trends such asthe
increasing integration of blockchain-based security and network
connectivity in heath care systems. However, while these
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studies provide valuable insights into specific aspects of these
technologies, they often remain limited in scope by focusing
solely on either bibliometric analysis, Google Trends, or content
analysis. Thisfragmented approach may hinder acomprehensive
understanding of the broader landscape. Therefore, there is a
need for amoreintegrative overview that exploresthe combined
impact of these advanced digital toolson LTC. By synthesizing
bibliometric analysis, Google Trends, and content analysis, this
study aims to bridge this gap and offer a more holistic
perspective on how these smart systems are applied in LTC.

This paper seeks to address the identified gaps by offering a
more comprehensive and integrated analysis of Al, 10T, and El
applicationsin LTC for older adults. By combining bibliometric
analysis, Google Trends, and content analysis, the study provides
both broader and deeper insights into the usage of these
technologies. The bibliometric analysis approach maps the
intellectual structure of the field, identifying key contributors
and thematic areas, while Google Trends analysisreveal s public
interest in the same topics, expanding the scope of
understanding. Content analysis of the top 1% of the most-cited,
high-impact studies offers in-depth insights into the practical
applications and challenges of these technologiesin real-world
LTC settings. Thisinterdisciplinary approach not only enriches
the academic discourse but also provides aclearer road map for
future research and development in care technologies for older
adults.

This study aims to comprehensively explore the integration of
Al, theloT, and El in LTC for older adults, addressing diverse
perspectives, including academic frameworks, public interest,
and in-depth insights from high-impact research. Specifically,
bibliometric analysis is used to map the intellectual structure
of the field, identifying leading contributors, influential
publications, and key research trends. Publicinterest isexamined
through Google Trends, offering insightsinto societal attention
to relevant topics and their alignment with academic focus.
Additionally, a detailed content analysis of the top 1%
most-cited research papers is conducted to uncover practical
applications and challenges associated with the deployment of
these technologies in rea-world LTC environments. By
synthesi zing these diverse methodol ogical approaches, our study
results could construct a comprehensive framework that
enhancesthe understanding of current developmentsand informs
future innovationsin Al, 10T, and El for improving the quality
and efficiency of care for older adults.
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Methods

Overview of the Research Process and Analytical
Methods

Figure 1 illustrates the complete research process undertaken
in this study. The process begins with defining the research
question, which focuses on investigating the application of Al,
|oT, and EI among older adultsin LTC. After establishing the
research focus, relevant bibliometric records were extracted
from the chosen databases. A comprehensive bibliometric
analysis followed, encompassing the generation of a 3-field
plot, performance analysis (based on publication and citation

Figure 1. The overview of workflow in this study.

Step 1: Define the research question
Investigate the application of artificial intelligence,
Internet of Things, and edge intelligence among
older adults in long-term care

Step 2: Extract bibliometric records
Extract records from the database

Step 3: Conduct bibliometric analysis
1.Three-field plot
2.Performance analysis (publication & citation
metrics)
3.Co-occurrence network analysis
4. Thematic analysis
5.Keyword analysis (author keywords)

Step 6: Discuss and analyze findings
Interpret research findings and provide
recommendations for future research directions

For our analysis, we used the R package “ Bibliometrix” (version
4.1.4; R Foundation) for bibliometric analysis, and Python 3.8
(Python Foundation) was used to conduct statistical analyses
and create figures [18].

Ethics Consider ations

The data utilized in this research were sourced from publicly
accessible repositories, qualifying as secondary data and
negating the necessity for direct human participant engagement.
Consequently, this study does not present any ethical concerns
warranting approval from an institutional review board.

The Extraction and Cleaning Process of Bibliometrics
Data

We collected datathrough bibliographic searches across 3 major
databases. Web of Science, PubMed, and Scopus. These
searches, conducted in early September 2024, used a
combination of keywords categorized into 3 groups: (1) terms
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metrics), co-occurrence network analysis, thematic analysis,
and keyword analysis to identify key research themes. To
enhance the findings from the bibliometric analysis, a Google
Trends analysis was conducted, where the top 16 keywords
from the bibliometric analysis were expanded with synonyms.
Kendall tau (1) correlation analysis was performed to explore
the relationship between keyword occurrences in bibliometric
analysis and Google Trends data. Finally, a content analysis of
the top 1% of the most-cited papers was conducted, offering
deeper insights into practical applications. The results of these
analyses inform the discussion and provide recommendations
for future research directions.

Step 4: Supplement bibliometric analysis
with Google Trends
1.Select the top 16 keywords from the bibliometric
analysis
2.Expand keywords with synonyms (4 per keyword)
3.Perform correlation analysis (Kendall tau)

Step 5: Conduct content analysis

Analyze the most impactful papers (top 1% cited) to
gain deeper insights

about older adults; (2) terms linked to Al, 10T, or El; and (3)
terms associated with LTC, with the specific keywords detailed
in Table S2 in Multimedia Appendix 1. Our inclusion criteria
encompassed proceedings and early access papers, while we
excluded papers published before 2013 or after 2023,
non-English papers, and those classified under journal categories
such asreviews, editorials, | etters, books, corrections, and notes.
Thefinal search strategy used in each databaseislisted in Table
S3 in Multimedia Appendix 1. Following recommendations
from existing literature for ensuring robust bibliometric analysis,
we set a minimum sample size of 200 papersfor our qualitative
review [19].

After the initial data extraction, we used Biblioshiny, a
web-based application within the R Bibliometrix package
designed for bibliometric analysis, to perform an automated
data cleaning process aimed at improving data quality and
reliability [18]. Duplicates arising from entries across multiple
databases were identified and removed. To ensure consistency,
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we also standardized author affiliations, retaining only the most
relevant affiliation for each author at the time of publication.
This process minimized potential errors, such as incorrect or
multiple affiliations, which could have affected the accuracy of
the analysis. By implementing this cleaning procedure, we
ensured that the final data set accurately represented the
scholarly landscape.

Bibliometric Analysis

This study used bibliometric analysis, a quantitative approach
that leverages bibliographic data—such as authorship, citations,
references, and keywords—to explore rel ationships and impacts
withinthefield [11]. We focused on 5 distinct analysis methods
to gain a comprehensive understanding of the intellectual
structure of our research domain: 3-field plot, performance
analysis (publication and citation metrics), co-occurrence
network analysis, thematic analysis, and keyword analysis
(author keywords). These methods are described in detail inthe
following sections.

Overview Using the Three-Field Plot

To gain a comprehensive understanding of the intellectual
landscape of our research field, we used a 3-field plot, arobust
method for providing an insightful overview of the research
cohort [20]. The 3-field plot, also known as a Sankey diagram,
visually represents the flow and connections between different
bibliometric dimensions. In this study, we integrated 3 critical
dimensions: the geographic distribution of research (country),
the dissemination mediums (journal), and the thematic
concentration (keywords). This multidimensiona approach is
instrumental in mapping theintellectual territory of the research
field, allowing us to visualize the relationships and transitions
between where research is conducted, how it is disseminated,
and the thematic focus of the studies.

Performance Analysis Using Publication and Citation
Numbers

To measure output performance, we used both the number of
publications and citation counts [21]. The number of
publications serves as a fundamental and credible metric for
quantifying research output, systematically categorized by
specific journals, institutions, or countries, providing areliable
measure of scholarly productivity and impact. Citation counts
arearobust indicator of apaper’sinfluencewithin the scientific
community, with higher citation counts suggesting that the
paper's findings have significantly supported subsequent
research, reflecting increased scholarly interest and relevance
in the field. Citation counts can be further categorized into 2
distinct metrics: total global citations (TGCs) and total local
citations (TLCs). TGCs measure a paper’'s citations across
external publications, highlighting its global influence, while
TLCs track citations within our curated data set, providing a
focused view of its impact within a specific context.
Additionally, the H-index was used to eval uate both the quantity
and impact of scientific output, combining aspects of
productivity and citation impact. This multifaceted approach,
encompassing publication counts, global and local citations,
and the H-index, offers a comprehensive view of scientific
contributions and their influence within our research domain.
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Co-Occurrence Network Analysis

We used a co-occurrence network analysis, a methodological
tool designed to visually map the interrelationships among
various elements in scholarly literature [22]. This technique is
particularly effectivefor illustrating connections formed through
the simultaneous occurrence of elements such as keywords,
authors, references, or terms in academic papers. In this study,
we focused on analyzing the relationships among countries,
institutions, and author’'s keywords. In the co-occurrence
network, each element isrepresented as anode, with connections
(edges) drawn between nodes that frequently appear together
in the same articles or contexts. The strength of these
connections is determined by the frequency of co-occurrence;
more frequent appearances result in thicker, more pronounced
links. By examining these networks, researchers can identify
clusters of interrelated works or concepts, revealing patterns
and intellectual currents that shape academic research.
Specifically, the clusters identified through the co-occurrence
network of the author’s keywords provided the foundation for
subsequent themati c mapping, where these clusterswere further
analyzed to explore thematic concentration and devel opment
within the research domain.

Thematic Analysis

Thematic analysis is a method used to identify and interpret
patterns (themes) within data, particularly the research themes
emerging from bibliometric data. It categorizes and maps
research themes based on 2 dimensions. Relevance degree
(Centrality), which measures a theme's importance within the
research field, and Development degree (Density), which reflects
how well-developed a theme is. The results are visually
represented in Figure S5in Multimedia Appendix 1, with themes
plotted across 4 quadrants:

« Quadrant | (Motor Themes): Highly relevant and
well-developed themes, central to the field and influential
in driving research.

« Quadrant Il (Niche Themes): Well-developed but less
central themes, often specialized within narrower areas of
study.

«  Quadrant 11l (Emerging or Declining Themes): Lessrelevant
and underdeveloped themes, either emerging trends or
topicsin decline.

«  Quadrant 1V (Basic Themes): Highly relevant but less
developed themes that provide a foundation for broader
research.

We divided our analysisinto 3 phases, 2014-2016, 2017-2020,
and 2021-2023, to observe how research themes have evolved.
This approach allowed us to track shifts in focus, identify
emerging trends, and highlight themes that have remained
consistently relevant throughout the periods.

Keyword Analysis Using Author Keywords

In this study, we performed a keyword analysis using author
keywords, which are terms selected by authors to encapsulate
the core themes of their research papers. These keywords are
essential for identifying major research trends and understanding
focus areas within afield, as they reflect the concepts scholars
consider most important in their studies. We selected the 16
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most frequently occurring author keywords from our data set
and analyzed their yearly trends to track their prominence in
academic research over time. This analysis provided insights
into which topics gained or lost attention, highlighting shiftsin
research priorities. To further explore the relevance of these
keywords beyond academia, we used Google Trendsto examine
publicinterest in the same 16 keywords, allowing usto compare
academic trendswith public search behavior and gain abroader
understanding of the societal impact of these research themes.

Enhancing Bibliometric AnalysisWith Public I nterest
Insights From Google Trends

Weincorporated Google Trends as an analytical tool to capture
public interest in the research topics identified through our
keyword analysis[12]. Google Trends provides search volume
scores ranging from 0O to 100 for each keyword, with 100
representing peak popularity, 50 indicating half of the peak
popularity, and O reflecting insufficient data. The keywords
selected for the Google Trends analysis were based on the most
frequently occurring keywords from the bibliometric analysis,
with the top 16 most frequent ones being chosen. To capture
broader variationsin public interest, we consulted with experts
and selected 4 synonyms for each of these keywords, thereby
expanding the search scope. The searches were conducted
globally, covering the period from January 1, 2014, to December
31, 2023, with data provided on a monthly basis. We then
calculated the annual search interest by averaging the monthly
data for each year. Additionally, a weighted average of the
search volumes for each keyword and its synonyms was
computed to represent the overall Google Trends search interest
for each term.

To align the units of comparison between academic keyword
trends (from bibliometric analysis) and public interest (from
Google Trends), we applied min-max scaling. This scaling was
doneglobally acrossthe 16 keywords and the period from 2014
to 2023, with the maximum and minimum values for both data
sets used to normalize the data. After scaling, we multiplied
each result by 100, ensuring that every value falls within the
range of 0-100, enabling direct comparison between academic
research frequency and public search volume. Finally, we
applied the Kendall tau correlation coefficient, anonparametric
statistic, to measure the ordinal association between academic
focus and public interest by comparing concordant and
discordant pairs [23]. The correlation coefficient ranges from
—1 (perfect inverse correlation) to +1 (perfect direct correlation),
with P<.05 considered statisticaly significant. This method
allowed usto quantitatively assess how well academic keyword
trends aligned with public search interest over time.

Content Analysis and Quality Assessment

To gain a deeper understanding of the research focus in this
study, we conducted a content analysis on the most impactful
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studies, specifically those with higher TLCs. Content analysis
isaqualitative research method used to systematically classify
and interpret text data by identifying themes and patterns [13].
This approach allowed us to explore key terms, concepts, and
themes related to Al and loT applications in LTC, helping to
uncover trends, patterns, and gaps in the existing research.

Before undertaking the content analysis, a quality assessment
was performed to eval uate the methodol ogical rigor of the papers
included in our review. We used the Mixed Methods Appraisal
Tool to assess the quality of the selected studies (Table S4 in
Multimedia Appendix 1). This tool is designed to evaluate a
wide range of study types, including qualitative studies,
randomized controlled trials, nonrandomized quantitative
studies, quantitative descriptive studies, and mixed methods
research. Each study was assessed using a nominal scale
(yes/no/cannot tell), ensuring that only high-quality paperswere
included in the content analysis. Two independent reviewers
(SCC and CCL) carried out the quality assessment, with
discrepancies ultimately resolved by the corresponding author
(RHC).

For the content analysis, we selected the top 1% of papersfrom
the overall cohort, ranked primarily by TLC and secondarily
by TGC. This selection process ensured that the studies analyzed
not only had substantial local impact within the field but also
possessed significant global relevance. From these papers, we
extracted key information, including the country or region of
the corresponding author, whether the study was conducted at
a single center or multiple centers, the total number of
participants, the percentage of female participants, the illness
type of participants, whether assistive robots were used, the
study’s primary objective, main findings, and stated limitations.
Based on thisanalysis, we gained deeper insights and provided
recommendations for future research directions to address the
identified gaps and challenges.

Results

Data Collection and Screening Processfor Bibliometric
Analysis

The keyword search across Web of Science, PubMed, and
Scopus yielded 1987, 2934, and 10,369 records, respectively
(Figure 2). Our screening process excluded papers published
before 2014 or after 2023, resulting in 4569 eliminations.
Additionally, we removed 890 review papers, 218 book chapters,
36 letters, 32 notes, 22 editorial material's, and 1993 other types
of documents. Furthermore, 179 non-English papers were
excluded. An additional 973 papers were discarded due to
duplication. Ultimately, 6378 papers were selected for
bibliometric analysis in the subsequent step. We also present
the distribution of yearly publications and the average TGC per
paper in Figure S6 in Multimedia Appendix 1.
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Figure 2. The procedure involved in choosing appropriate papers.
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. . . keywordsin the articles. This method effectively highlightsthe
An Overview of This Study Field usage of Al, 10T, and El among older adults in LTC across
We used a Sankey diagram to analyze and illustrate the various countries (Figure 3).
distribution and interplay among countries, journas, and
Figure 3. Three-field plot (country, journal, and keyword).
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In terms of country contributions, the United States leads with ~ Austrdia (n=123), the United Kingdom (n=109), the Netherlands
291 articles, followed by China(n=238), Canada (n=197), Spain  (n=105), Japan (n=103), and Germany (n=84). Asfor journals,
(n=168), and Italy (n=124). Other notable contributorsinclude the Journal of the American Medica Directors Association
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stands out with 460 articles, followed by Sensors (n=250), BMJ
Open (n=182), and the Journal of Medical Internet Research
(n=151). Other key journalsinclude L ecture Notesin Computer
Science (n=142), PLoS ONE (n=141), and the International
Journal of Environmental Research and Public Health (n=108).
These journals play acritical rolein disseminating research on
Al, 10T, and El applicationsin LTC for older adults. Regarding
keywords, prominent terms include “ambient assisted living”
(n=84), “older adults’ (n=74), “dementia’ (n=57), and “ elderly”
(n=45). Other frequently used keywords are“ machine learning”
(n=45), “internet of things’ (n=39), “fall detection” (n=23), and
“long-term care” (n=12), reflecting the research focus on
technological solutions aimed at improving the care and
well-being of older adults.

The relationships between countries and journals reveal that
major contributors such asthe United States, China, and Canada
publish across awide range of journals, demonstrating a broad
scope of research dissemination. Regarding journal-keyword
relationships, distinct focus areas become apparent. For instance,
the Journal of the American Medical Directors Association
predominantly emphasizes studies on older adultsand dementia,
while Sensorsfocuses on topics such as ambient assisted living,

Chieneta

machine learning, and care for older adults. By contrast, BMJ
Open addresses general studiesrelated to dementiaand the 10T
without a distinct keyword focus on other specific areas.

Most Productive Journals and I nstitutions

Table 1 presents a detailed overview of the most productive
journals publishing research related to Al, 10T, and El in LTC
for older adults, focusing on key metrics such as publication
counts, TGC, and H-Index. Leading the list, Lecture Notes in
Computer Science plays an important role in this domain, with
223 publications (N=6378, 3.50%) and a TGC of 1217. The
Journal of the American Medical Directors Association, which
specializes in geriatrics, aging, and LTC, follows closely with
113 publications (N=6378, 1.77%) and an impressive TGC of
5812. Meanwhile, Sensors, a journa primarily dedicated to
technology and sensor applications in health care and 10T, has
contributed 108 publications and a TGC of 2560. The Journal
of Medical Internet Research, focused on digital heath and
eHealth technol ogies, adds 89 publicationswith aTGC of 1822.
Notably, the International Journal of Social Robotics, which
focuses on robotics and its applications in social settings, has
a smaller output of 36 publications, but its TGC of 1471
highlights its substantial impact per article.

Table 1. Most influential journals (sorted by the number of publications; N=6378).

Rank-  Journals Item, n (%) Total global cita- Total global citations  H-Index
ing tions per item

1 Lecture Notes in Computer Science 223 (3.50) 1217 5.46 15
2 Journal of the American Medical Directors Association 113 (1.77) 5812 51.43 32
3 Sensors 108 (1.69) 2560 23.70 25
4 Journal of Medical Internet Research 89 (1.40) 1822 20.47 24
5 International Journal of Environmental Research and Public Health 85 (1.33) 773 9.09 15
6 ACM International Conference Proceedings Series 80 (1.25) 339 4.24 11
7 PL0oS ONE 77 (1.21) 1447 18.79 20
8 BMJ Open 68 (1.07) 912 1341 15
9 Studies in Health Technology and Informatics 62 (0.97) 336 5.42 10
10 Advancesin Intelligent Systems and Computing 51 (0.80) 216 4.24 6
11 BMC Geriatrics 51 (0.80) 911 17.86 15
12 Gerontechnology 51 (0.80) 133 261 5
13 CEUR Workshop Proceedings 45 (0.71) 101 224 6
14 |EEE Access 41 (0.64) 624 15.22 12
15 JMIR mHealth and uHealth 40 (0.63) 883 22.08 18
16 Lecture Notes in Electrical Engineering 39 (0.61) 60 154 5
17 JMIR Aging 38 (0.60) 413 10.87 12
18 International Journal of Social Robotics 36 (0.56) 1471 40.86 20
19 Journal of the American Geriatrics Society 34 (0.53) 755 22.21 18
20 Communications in Computer and Information Science 32 (0.50) 54 1.69 4

The H-Index further underscorestheinfluence of thesejournals
in the field. The Journal of the American Medical Directors
Association stands out with a robust H-Index of 32, reflecting
itshigh citation impact. Sensorsand L ecture Notesin Computer

https://www.jmir.org/2025/1/e56692

Science follow with H-Indices of 25 and 15, respectively,
illustrating their diverse influence within the field. The Journal
of Medical Internet Research also demonstrates substantial
scholarly impact, with an H-Index of 24. Finally, despite its
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smaller publication count, the International Journal of Social
Robotics achieves an impressive H-Index of 20, underscoring
the considerableinfluence of itslimited number of publications.

We also identified the 20 most productiveinstitutionsworldwide
based on their publication output, as detailed in Table S5 in
Multimedia Appendix 1. Leading the list are the University of
Toronto with 246 publications, the University of Californiawith
169 publications, and the University of Michigan with 136
publications. Following closely are the University of
Washington (n=120), Griffith University (n=106), and the
University of Pittsburgh (n=102). Our analysis of the top 20
institutions reveals a diverse range of geographic locations,
including ingtitutions from Canada, the United States, Australia,
the United Kingdom, Sweden, and Denmark. This global
distribution underscores the widespread interest and active
involvement in this field. The broad geographic representation

https://www.jmir.org/2025/1/e56692
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not only highlights the substantial contributions of these
institutions but also offersinsights into potential collaboration
opportunities across different regions.

Co-Occurrence Network and Thematic Analysis

In the bibliometric analysis, we constructed a co-occurrence
network to explore the relationships and thematic intersections
across 3 distinct fields: countries, institutions, and author’s
keywords, covering the period from 2014 to 2023. As shown
in Figure 4, the network highlights the complex interactions
within the research landscape, delineating patterns of
collaboration and thematic focus. Thefigure visually represents
the prominence and centrality of specific countries, institutions,
and keywords, revealing key players and dominant themes in
the field. This network provides valuable insights into how
different entities contribute to and shape research on Al, 10T,
and El in LTC for older adults.
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Figure 4. Co-occurrence network with three different fields.
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Regarding the countries, the bibliometric network analysis
reveals a robust international collaboration framework within
the research landscape, as depicted in Figure 4A. The United
States is prominently positioned at the core of this network,
underscoring its pivotal rolein spearheading research initiatives
on a global scale. Notable are the substantial bilateral links
connecting the United Stateswith other research-heavy nations
such as China, the United Kingdom, and Canada, which suggest
a high degree of cooperative research activity. European

https://www.jmir.org/2025/1/e56692
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countries, represented by the cohesive cluster of Germany, Italy,
and France, demonstrate strong intracontinental connections,
indicative of their collective research endeavors. Meanwhile,
countries such as Portugal and Brazil, though less central in the
visualization, revea their targeted and specialized contributions
to the research community.

The visualization of institutiona collaborations (Figure 4B)
positions the University of Toronto as acentral node within the
network, highlighting its significant research output and
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influence across disciplines. Other institutions, such as the
University of California and Harvard Medical School, aso
command prominent places within the network, signifying their
crucia roles in fostering extensive academic partnerships and
knowledge dissemination. The depiction of a wide array of
institutions from various corners of the globe pointsto arichly
diverse and interdisciplinary academic milieu, signifying the
breadth and depth of research collaborations and intellectual
exchange.

The network of the author’skeywords (Figure 4C) is dominated
by the term “older adults,” which acts as a thematic epicenter
linking diverse research topics. Surrounding this pivotal term,
we find noticeable nodes such as*“ dementia,” *“health care,” and
“assistivetechnology,” reflecting concentrated areas of research
focus and societal impact. The prevalence of cutting-edge
technological terms such as “artificial intelligence,” “internet
of things,” and “machine learning” adjacent to care topics for
older adults underscores the integration of technology in
addressing the complexities of aging. Additionally, emergent
termssuch as“COVID-19,” “digital health,” and “telemedicineg”
are atestament to the field’s responsiveness to evolving global
health issues and the increasing relevance of digital innovation
in health care solutions.

To further understand the evolving research landscape, we
conducted a thematic analysis of author keywords across 3
distinct periods: 2014-2016, 2017-2020, and 2021-2023. This
analysisallowed usto track the shiftsin research focus over the
years and identify emerging or declining trends. The results,
detailed and thoroughly documented in Multimedia Appendix
1 (see the section titled “Using Thematic Analysis for a
Meticulous Examination Across Three Periods’) show
noticeable changes in central research themes such as “older
adults” “dementia,” and “nursing home,” alongside the rise of
newer themes such as“mHealth,” “digital health,” and “artificial
intelligence” in recent years (see Figure S1 in Multimedia
Appendix 1). These findings provide insights into how the
integration of advanced technologies has increasingly shaped
theresearch landscapein carefor older adults, reflecting broader
societal and health care trends.

Keyword Analysis: Enhancing Bibliometric Analysis
With Google Trendsfor the Top 16 Keywords

We al so adopted the keywords analysis to explore the evolving
trends and key focus areas in Al, 10T, and El applications for

https://www.jmir.org/2025/1/e56692
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older adultsin LTC. In our study, we first identified the top 16
most frequently occurring keywords from the bibliometric
analysis between 2014 and 2023. To further enhancetheinsights
gained, we assessed public interest in these keywords using
Google Trends. The detailed results of the keyword analysis,
both from bibliometric analysis and Google Trends, are
presented in Multimedia Appendix 1 under the section titled
“Top 16 Frequent Keywords From Bibliometric Analysis and
Their Google Trends Search Interest” (also see Table S1 and
Figures S2-$4 in Multimedia Appendix 1). Among the most
notable findings, “older adults’ ranked as the most frequent
keyword in the bibliometric analysiswith 733 occurrences, and
it consistently showed high search interest in Google Trends,
peaking at 65 in 2020. Similarly, “machine learning” appeared
287 times in the bibliometric analysis and saw anotablerisein
publicinterest, with its search scoreincreasing from 15 in 2015
to 95 in 2023. The term “internet of things,” which occurred
353 times in the bibliometric analysis, also showed a modest
growth in public interest, with its score rising from 39 in 2014
to 46 in 2023. By contrast, “ambient assisted living” peaked at
59 occurrences in the bibliometric analysis in 2017, but its
search interest declined from 40 in 2017 to 18 in 2023.
Additionally, “fall detection” exhibited lower publicinterest in
thefirst 5 years, beginning to grow slowly in 2019 but remaining
relatively steady over the last 5 years, despite being mentioned
152 times in the bibliometric analysis.

Next, we analyzed the rel ationship between the keyword results
from bibliometric analysis and Google Trends by calculating
the correlation using the Kendall rank correlation coefficient.
To address differences in scale between the 2 data sets, we
applied min-max scaling to normalize the values into a range
of 0-100 before conducting the analysis. The results are shown
in Figure 5, and the statistical outcomes of this comparison are
detailed in Table S6 in Multimedia Appendix 1. In the figure,
thered trend lines represent keywords rel ated to the ol der adults
category. Among these, “long-term care” showed the strongest
positive correlation (1=0.89, P<.001), followed by “ older adults’
(t=0.87, P<.001), both of which had significant positive
correlations (P<.05), indicating a strong alignment between
academic and public interest. The terms “dementia’ (1=0.75,
P=.003) and “caregiver” (1=0.72, P=.004) also exhibited
significant positive correlations, reflecting growing public
attention in these areas.
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Figure5. Correlation between bibliometric analysis and Google Trends volume.
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For the green trend lines, which represent keywords related to
the ambient assisted living category, the strongest significant
correlation was observed for “machine learning” (1=0.81,
P=.001), indicating increasing public and research interest. This
was followed by “smart home” with a significant positive
correlation (t=0.75, P=.003). Similarly, “older adults care’
showed a significant positive correlation (1=0.72, P=.004),
while “artificial intelligence” exhibited a moderate correlation
(1=0.61, P=.02). However, terms such as “fal detection”
(1=0.40, P=.11) and “ambient assisted living” (1=0.18, P=.47)
did not demonstrate statistically significant correlations,
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indicating weaker public interest compared with academic
research in these aress.

Content Analysis

To gain a deep understanding of the papers, we conducted a
content analysis of thetop 1% of most impactful papers, ranked
primarily by TLC and secondarily by TGC, totaling 64 papers
[24-87]. The quality assessment outcomes using the Mixed
Methods Appraisal Tool are listed in Table S7 in Multimedia
Appendix 1, along with the reasons. For the content analysis,
we extracted key information such as the country or region of
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the corresponding author, whether the study was conducted at
a single center or multiple centers, the total number of
participants, the percentage of female participants, the illness
type of participants, whether assistive robots were used, the
study’s primary objective, main findings, and stated limitations
in Table S8 in Multimedia Appendix 1.

The content analysis of the top 1% of impactful papersreveas
key trendsin the use of assistive technologies, particularly socia
robots, in care for older adults, especially for individuals with
dementia. Many studies, such as those involving the robot
PARO, consistently highlight its positive impact on reducing
agitation and depression, and improving mood among patients
with dementia. Long-term benefits were observed in severa
cases, with the psychosocia environment playing acritical role
in the success of theseinterventions. Despite the overall positive
outcomes, limitations such as small sample sizes, short study
durations, and difficultiesin maintaining participant engagement
across various care settings were frequently noted.

A recurring theme is the exploration of the human-robot
interaction and how it shapes care outcomes. For instance,
multiple studies compared the effectiveness of robotic pets such
as PARO against plush toysor live animals. These studiesfound
that robots generally outperformed nonrobotic aternatives in
enhancing engagement and managing symptoms. However,
some studies, such as the one by Thodberg et al [53], noted a
diminishing novelty effect over time, with live animals often
prompting more sustained interaction. This highlights the need

Table 2. The summary of current research gaps and suggestions.

Chieneta

for future work to focus on maintaining long-term engagement
with robotic interventions.

There is a significant focus on addressing the emotional and
cognitive needs of older adults, especially those with mild
cognitive impairment or more advanced dementia. Robots such
asRobuL AB and CuDDler demonstrated potential in supporting
cognitive and socia functions, though customization and
usability were critical factorsinfluencing their acceptance. For
example, Pino et a [39] highlighted how older adults and
informal caregivers appreciated socially assistive robots for
their adaptability, emphasizing the importance of designing
robots that can be personalized to meet individual needs.
Nevertheless, limitations such as small sample sizes and lack
of direct interaction in some studies restricted generalizability.

Table 2 outlines key research gaps and future directions. A
major limitation across studies is the absence of long-term
follow-up, which constrains understanding of the sustained
impacts of these technologies. Furthermore, the small sample
sizes limit the generalizability of results. The narrow focus on
dementiacare, with limited exploration of other conditions such
asfrailty or depression, represents another critical gap. Lastly,
there is insufficient research on the real-world implementation
and scalability of these technologies. Future studies should
prioritize long-term investigations, expand sample sizesthrough
multicenter collaborations, broaden the scope to include other
health conditions, and focus on real-world applicability,
particularly scalability and cost-effectiveness.

Current research gap

Suggestion

Studies focus on short-term outcomes.
Small sample sizes limit generalizability.
Research mostly targets dementia care.

Limited real-world implementation and scalability data.

Conduct longitudinal studies to assess long-term impact.
Increase sample sizes through multicenter studies.
Expand research to include conditions such as frailty and depression.

Prioritize studiesin real-world settings and assess scal ability and cost-effectiveness.

Discussion

Principal Findings

In this study, we utilized bibliometric analysis, Google Trends,
and content analysis to gain a comprehensive understanding of
the research interest in Al, 10T, and El applications for older
adults in LTC over the last decade. Our bibliometric analysis
resultsincluded 6378 papersthat reveal ed geographic diversity,
with leading contributions from countrieslike the United States,
China, and Canada and institutions such as the University of
Toronto and the University of California. The increasing focus
on keywords such as “older adults,” “machine learning,” and
“internet of things’ highlights their growing importance in
enhancing care delivery. Additionally, the convergence of
societal and research interests is reflected in the strong
correlations between “long-term care” “dementia” and
“caregiver” in both bibliometric analysis and Google Trends.
Content analysis of the most impactful papers demonstrated
that assistive technologies, particularly socia robots such as
PARO, consistently benefit patients with dementiaby improving
mood and reducing agitation. Overal, Al, 10T, and El show

https://www.jmir.org/2025/1/e56692

significant potential in transforming personalized care, safety,
and decision-making in care settings for older adults.

Implications

Artificial Intelligence: The Usagein LTC

Al'spotential inthe care of older adultsis profoundly impactful,
particularly in enhancing personalized care and engagement for
older adults. Social robots, such as PARO, exemplify how Al
can address the emotional and psychological needs of older
adults, especialy those with dementia. In Norway, a study
involving 60 participants found that the use of PARO
significantly reduced agitation and depression among patients
with dementia, with positive effectslasting up to 3 months after
intervention [34]. Similarly, in Austraia, a larger study with
415 participants demonstrated that PARO fostered higher
engagement and improved mood when compared with a plush
toy used in control settings [61]. These results suggest that
Al-powered robots can simulate companionship and therapeutic
interactions, providing psychologica comfort and enhancing
the quality of life in LTC facilities. Furthermore, Al's
adaptability enables tailored interventions, where robots such
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as PARO adjust their responses based on real-time emotional
cues, offering a more personalized and human-like experience
for older residents. As such, Al is not merely a tool for
automation but a transformative technology in care for older
adults, contributing to improved mental health, reduced reliance
on pharmacological interventions, and enhanced social
interaction.

Internet of Things: The Impact on Health Monitoring
and Safety in LTC

loT technologies are revolutionizing safety and continuous
health monitoring in older adult care settings by providing
real-time data and immediate interventions. Wearable devices
and sensors are increasingly used to monitor vital signssuch as
heart rate, movement, and sleep patterns, significantly
contributing to the well-being of older adults. For example, a
Hong Kong study developed an Internet of Medical Things
system that monitored real-time biometric data, enabling health
care providers to proactively modify care plans based on
continuous monitoring [83]. This system demonstrated improved
operationa efficiency in carefacilities, reducing the likelihood
of hedth crises such as fals or cardiovascular events.
Additionally, 10T solutions such asfall detection systems have
been widely adopted in care facilitiesto enhance resident safety.
Studies have shown that loT-enabled wearable sensors
effectively track motor activity and detect fallsin real time, thus
preventing serious injuries by aerting staff immediately
[27,28,57]. These technologies not only improve patient
outcomes but also aleviate the burden on caregivers by
providing constant, automated oversight. By promoting greater
independence among older residents, 10T devices allow them
to agein place, contributing to both their safety and quality of
life.

Edge Intelligence: Enhancing Real-Time
Decision-Makingin LTC

El plays a pivota role in enhancing care for older adults by
enabling the processing of data directly at the source, thus
reducing latency and ensuring real-time decision-making. El
allows care facilities to make immediate adjustments to care
plans based on real-time data, optimizing both Al and IoT
applications in care for older adults. For example, in an Italian
study, aradar smart sensor utilizing edge computing successfully
detected fallsand monitored vital signsin older adults, providing
immediate feedback to caregivers[57]. Thisapproach minimizes
the delay associated with cloud-based systems, ensuring that
critical health decisions are made without the need for external
data processing. Another study integrated El into an loT-based
monitoring system, which facilitated the detection of behavioral
changesin older adult residents, enabling care providersto make
real-time interventions to prevent health deterioration [77]. By
processing data locally, El enhances the reliability and
responsiveness of care systems, reducing the risk of system
failures or connectivity issues. Moreover, El ensuresthe security
of sensitive health data by limiting the amount of personal
information transmitted over networks, thus addressing privacy
concernsthat are prevalent in older adult care technologies.

https://www.jmir.org/2025/1/e56692
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Summary and Suggestions for Future Research

Al, 10T, and El collectively form a powerful ecosystemin LTC
settings, addressing different aspects of care for older adults.
Based on our results, we propose the following suggestions for
future research directions. First, the co-occurrence network
shows that this research topic is globally recognized, with
various countries leading relevant studies. We recommend
continuing to enhanceinternational collaboration. Thethematic
map reveals emerging trends in “rehabilitation,” “stroke,”
“robotics,” “caregiver,” “mHealth,” and “digital health.” Future
research should focus on integrating these themes into broader
studies to address the evolving needs in care for older adults.
In addition, keyword analysisshowsincreasing interest in areas
such as “older adults,” “machine learning,” and “internet of
things.” The correlation of keywords between bibliometric
analysis and Google Trends, including “long-term care’
“machine learning,” “dementia,” and “smart home," reflects
alignment between academic and public interest. Thus, we
suggest that future research papers could enhance their
discoverability by incorporating these keywords, ensuring they
resonate with both scholarly communities and the general public.
Finally, content analysis shows the potential of assistive
technologies, particularly social robots such as PARO, in
improving mood and reducing agitation among patients with
dementia. Future studies should address limitations such as
small sample sizes and short study durations by conducting
larger, multicenter trials that examine long-term impacts.
Expanding research to cover awider range of health conditions,
such as frailty or depression, would provide a more holistic
understanding of how Al, loT, and El technologies can
transform ol der adult care.

Comparison With Previous Studies

Previous studies have consistently demonstrated the role of Al
and loT in care for older adults, especially in addressing
cognitive impairments such as dementia. Wang et al’s [15]
bibliometric analysis identified the United States as a leading
contributor to Al applications in care for older adults,
particularly in areas such as Alzheimer disease and dementia.
Our study corroborates Wang et a’s findings by aso
highlighting a strong focus on Al and 10T for these conditions,
however, we provide amore comprehensive analysis, evaluating
over 6000 publications compared with Wang et a’s 230.
Similarly, the study by L oveyset al [88] explored the acceptance
of Al-augmented social robots and sensors, noting their varied
effectiveness across care settings. Our findings align with
Loveyset a’sobservations, especially in high-incomefacilities
where technologies such as PARO show greater efficacy.
Additionally, Lukkien et a’s [89] study emphasized the need
for user-centered Al and theimportance of contextual sensitivity
in older adult care applications—themes that resonate with our
focus on personalized interventions. Similar to Maugeri et a
[14], we use both bibliometric and Google Trends data to
analyzetrendsin health technol ogies. However, our study differs
by incorporating content analysis, which offers deeper insights
by examining the most-cited papers to explore study designs,
popular topics, and potential limitations for future research.
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Regarding El, Zhou et a [10] explored El’s potential to enhance
real-time decision-making through edge computing, particularly
in environments that generate vast amounts of data, such as
those supported by 10T devices. Reis[90] emphasized El'srole
in optimizing operational efficiency in health care, particularly
by processing data closer to the source to ensure timely care
interventions. However, our study reveals that El is not a
standalone concept in LTC for older people. Instead, it functions
aspart of anintegrated system, combining Al and |oT to support
health care providersin making real-time decisions and offering
personalized, technology-assisted interventions for care
recipients. This fusion of technol ogies enables a more efficient
and responsive older adult care environment, alowing health
care providers to deliver tailored interventions based on
immediate data, while providing older adults with customized
assistive devices and services. By demonstrating how El
complements Al and 0T in this context, our study contributes
to a deeper understanding of how these technologies work
together to enhance care quality and personalization in LTC
Settings.

Limitations

This study has several limitations. First, our anaysis was
confined to research from the past 10 years, even though the
topic has been explored for over 3 decades. This choice was
intentional to ensure the inclusion of the most recent and
relevant data reflecting current trends. However, it may have
excluded some foundational studies that provide historical
context. Second, we only included English-language
publications, which could introduce language bias and affect
the global representativeness of our findings. Additionally,
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while content analysis was used to address some limitations of
guantitative methods, it was restricted to the top 1% (n=64) of
highly cited papers, potentially overlooking other important
research. Future studies could benefit from adopting methods
such asthe Delphi study, as suggested by one of the reviewers,
to gain deeper insights from expert opinions. Thiswould further
strengthen the qualitative depth of the research and make the
study even more robust.

Conclusions

The integration of Al, |oT, and El is driving the evolution of
an interconnected ecosystem in LTC for older adults. Our study
underscoresthe significance of thisfield acrossmultipleregions,
emphasizing the need to promote diversity and international
collaboration to enhanceregional and institutional cooperation.
Key themes such as “dementia care,” “machine learning,” and
“wearable health monitoring” are emerging as focal areas of
growing research interest. Keywords such as “long-term care,”
“older adults,” “machine learning,” “dementia,” “smart home,”
and “ caregiver” demonstrate astrong correlation with the public
interest, suggesting that incorporating these terms can increase
research visihility. Despite the valuableinsightsinto technology
acceptance, care quality improvements, and outcomes from
interventions, frequently cited studies often face limitations
such as small sample sizes, short study durations, and a narrow
focus on dementia care, restricting the generalizability of their
findings. Future research should broaden the scope to include
a wider range of health conditions, conduct long-term trials,
and strengthen international cooperation. This approach will
significantly enhance the scalability and real-world impact of
these technologies globally.

Acknowledgments

This research was funded by the National Health Research Institutes in Taiwan (grant PH-111-GP-07).

Data Availability

All data generated or analyzed during this study are included in this published paper.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Additional analysis and results.
[DOCX File, 2622 KB-Multimedia Appendix 1]

References

1. Rahman MM, Rosenberg M, FloresG, Parsell N, Akter S, Alam MA, et al. A systematic review and meta-analysis of unmet
needs for healthcare and long-term care among older people. Health Econ Rev. Dec 09, 2022;12(1):60. [FREE Full text]

[doi: 10.1186/s13561-022-00398-4] [Medline: 36482044]

2. Titley HK, Young S, Savage A, Thorne T, Spiers J, Estabrooks CA. Cracks in the foundation: the experience of care aides
in long-term care homes during the COVID-19 pandemic. J Am Geriatr Soc. Jan 2023;71(1):198-205. [FREE Full text]

[doi: 10.1111/jgs.18024] [Medline: 36082802]

3. ThwaitesC, McKercher J, Fetherstonhaugh D, Blackberry |, Gilmartin-Thomas J, Taylor N, et al. Factorsimpacting retention
of aged care workers: a systematic review. Healthcare (Basel). Nov 21, 2023;11(23):3008. [FREE Full text] [doi:

10.3390/healthcare11233008] [Medline: 38063576]

https://www.jmir.org/2025/1/e56692

JMed Internet Res 2025 | vol. 27 | €56692 | p. 14
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v27i1e56692_app1.docx&filename=be279b197387db3a8a5b1b3303e8ecbb.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e56692_app1.docx&filename=be279b197387db3a8a5b1b3303e8ecbb.docx
https://europepmc.org/abstract/MED/36482044
http://dx.doi.org/10.1186/s13561-022-00398-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36482044&dopt=Abstract
https://europepmc.org/abstract/MED/36082802
http://dx.doi.org/10.1111/jgs.18024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36082802&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare11233008
http://dx.doi.org/10.3390/healthcare11233008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38063576&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chieneta

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Hacking C, Verbeek H, Hamers JPH, Aarts S. Comparing text mining and manual coding methods: analysing interview
data on quality of care in long-term care for older adults. PLoS One. 2023;18(11):€0292578. [FREE Full text] [doi:
10.1371/journal .pone.0292578] [Medline: 37939098]

Rostad HM, Skinner MS, Wentzel-Larsen T, Hellesg R, Sogstad MKR. Modes and models of care delivery in municipal
long-term care services. a cross-sectional study from Norway. BMC Health Serv Res. Jul 31, 2023;23(1):813. [EREE Full
text] [doi: 10.1186/s12913-023-09750-8] [Medline: 37525166]

Sapci AH, Sapci HA. Innovative assisted living tool s, remote monitoring technologies, artificial intelligence-driven solutions,
and robotic systemsfor aging societies: systematic review. IMIR Aging. Nov 29, 2019;2(2):€15429. [FREE Full text] [doi:
10.2196/15429] [Medline: 31782740Q]

Baig MM, Afifi S, GholamHosseini H, MirzaF. A systematic review of wearable sensors and 10T-based monitoring
applications for older adults - afocus on ageing population and independent living. JMed Syst. Jun 15, 2019;43(8):233.
[doi: 10.1007/s10916-019-1365-7] [Medline: 31203472]

Rangraze |, Khan S. A systematic review on the efficacy of artificial intelligencein geriatric heathcare: a critical analysis
of current literature. Research Square. Jun 06, 2023:el. [FREE Full text] [doi: 10.21203/rs.3.rs-2878974/v1]

Amin SU, Hossain MS. Edge Intelligence and Internet of Thingsin Healthcare: A Survey. IEEE Access. 2021;9:45-59.
[doi: 10.1109/access.2020.3045115]

Zhou Z, Chen X, Li E, Zeng L, Luo K, Zhang J. Edge intelligence: paving the last mile of artificial intelligence with edge
computing. Proc |EEE. Aug 2019;107(8):1738-1762. [doi: 10.1109/jproc.2019.2918951]

Donthu N, Kumar S, Mukherjee D, Pandey N, Lim WM. How to conduct abibliometric analysis: an overview and guidelines.
Journal of Business Research. Sep 2021;133:285-296. [doi: 10.1016/].jbusres.2021.04.070]

Jun S, Yoo HS, Choi S. Ten years of research change using Google Trends: from the perspective of big data utilizations
and applications. Technological Forecasting and Social Change. May 2018;130:69-87. [doi: 10.1016/j.techfore.2017.11.009]
Harwood TG, Garry T. An overview of content analysis. Mark Rev. 2003;3(4):479-498. [doi: 10.1362/146934703771910080]
Maugeri A, BarchittaM, Basile G, Agodi A. Public and research interest in telemedicine from 2017 to 2022: infodemiol ogy
study of Google Trends data and bibliometric analysis of scientific literature. JMed Internet Res. May 16, 2024;26:e50088.
[FREE Full text] [doi: 10.2196/50088] [Medline: 38753427]

Wang J, Liang Y, Cao S, Cai P, Fan Y. Application of artificial intelligence in geriatric care: bibliometric analysis. JMed
Internet Res. Jun 23, 2023;25:e46014. [FREE Full text] [doi: 10.2196/46014] [Medline: 37351923]

Voleti M, Bhat P. 10T and edge computing in health care: a bibliometric analysis. |JIRT. 2022;9(6):582-587. [FREE Full
text]

Ziwei H, Dongni Z, Man Z, Yixin D, Shuanghui Z, Chao Y, et al. The applications of internet of thingsin smart healthcare
sectors: a bibliometric and deep study. Heliyon. Feb 15, 2024;10(3):e25392. [FREE Full text] [doi:
10.1016/j.heliyon.2024.e25392] [Medline: 38356528]

AriaM, Cuccurullo C. bibliometrix : An R-tool for comprehensive science mapping analysisa. Journal of Informetrics.
Nov 2017;11(4):959-975. [doi: 10.1016/j.j0i.2017.08.007]

Rogers G, Szomszor M, Adams J. Sample sizein bibliometric analysis. Scientometrics. Jul 31, 2020;125(1):777-794. [doi:
10.1007/s11192-020-03647-7]

Janik A, Ryszko A, Szafraniec M. Scientific Landscape of Smart and Sustainable CitiesLiterature: A Bibliometric Analysis.
Sustainability. Jan 21, 2020;12(3):779. [doi: 10.3390/su12030779]

loannidis JP, Klavans R, Boyack KW. Correction: Multiple citation indicators and their composite across scientific disciplines.
PLoS Biol. Aug 22, 2016;14(8):€1002548. [doi: 10.1371/journal .pbio.1002548] [Medline: 27548059]

Brunson JC, Laubenbacher RC. Applications of network analysisto routinely collected health care data: a systematic review.
JAm Med Inform Assoc. Feb 01, 2018;25(2):210-221. [FREE Full text] [doi: 10.1093/jamia/ocx052] [Medline: 29025116]
Sen PK. Estimates of the regression coefficient based on Kendall's tau. Journal of the American Statistical Association.
Dec 1968;63(324):1379-1389. [doi: 10.1080/01621459.1968.10480934]

Esposito A, Fortunati L, Lugano G. Modeling emotion, behavior and context in socially believablerobotsand ICT interfaces.
Cogn Comput. Oct 14, 2014;6(4):623-627. [doi: 10.1007/s12559-014-9309-5]

Lattanzio F, Abbatecola AM, Bevilacqua R, Chiatti C, Corsonello A, Rossi L, et al. Advanced technology care innovation
for older peoplein Italy: necessity and opportunity to promote health and wellbeing. JAm Med Dir Assoc. Jul
2014;15(7):457-466. [doi: 10.1016/].jamda.2014.04.003] [Medline: 24836715]

Moyle W, Jones C, Cooke M, O'Dwyer S, Sung B, Drummond S. Connecting the person with dementia and family: a
feasibility study of atelepresence robot. BMC Geriatr. Jan 24, 2014;14:7. [EREE Full text] [doi: 10.1186/1471-2318-14-7]
[Medline: 24456417)

Schwenk M, Hauer K, Zieschang T, Englert S, Mohler J, Najafi B. Sensor-derived physical activity parameters can predict
futurefallsin peoplewith dementia. Gerontol ogy. 2014;60(6):483-492. [EREE Full text] [doi: 10.1159/000363136] [Medline:
25171300]

Yamada Y, Vlachova M, Richter T, Finne-Soveri H, Gindin J, van der Roest H, et al. Prevalence and correlates of hearing
and visual impairments in European nursing homes: results from the SHELTER study. JAm Med Dir Assoc. Oct
2014;15(10):738-743. [doi: 10.1016/j.jamda.2014.05.012] [Medline: 24984787]

https://www.jmir.org/2025/1/e56692 JMed Internet Res 2025 | vol. 27 | €56692 | p. 15

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pone.0292578
http://dx.doi.org/10.1371/journal.pone.0292578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37939098&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-023-09750-8
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-023-09750-8
http://dx.doi.org/10.1186/s12913-023-09750-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37525166&dopt=Abstract
https://aging.jmir.org/2019/2/e15429/
http://dx.doi.org/10.2196/15429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31782740&dopt=Abstract
http://dx.doi.org/10.1007/s10916-019-1365-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31203472&dopt=Abstract
https://www.researchsquare.com/article/rs-2878974/v1
http://dx.doi.org/10.21203/rs.3.rs-2878974/v1
http://dx.doi.org/10.1109/access.2020.3045115
http://dx.doi.org/10.1109/jproc.2019.2918951
http://dx.doi.org/10.1016/j.jbusres.2021.04.070
http://dx.doi.org/10.1016/j.techfore.2017.11.009
http://dx.doi.org/10.1362/146934703771910080
https://www.jmir.org/2024//e50088/
http://dx.doi.org/10.2196/50088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38753427&dopt=Abstract
https://www.jmir.org/2023//e46014/
http://dx.doi.org/10.2196/46014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37351923&dopt=Abstract
https://ijirt.org/Article?manuscript=157308
https://ijirt.org/Article?manuscript=157308
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(24)01423-3
http://dx.doi.org/10.1016/j.heliyon.2024.e25392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38356528&dopt=Abstract
http://dx.doi.org/10.1016/j.joi.2017.08.007
http://dx.doi.org/10.1007/s11192-020-03647-7
http://dx.doi.org/10.3390/su12030779
http://dx.doi.org/10.1371/journal.pbio.1002548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27548059&dopt=Abstract
https://europepmc.org/abstract/MED/29025116
http://dx.doi.org/10.1093/jamia/ocx052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29025116&dopt=Abstract
http://dx.doi.org/10.1080/01621459.1968.10480934
http://dx.doi.org/10.1007/s12559-014-9309-5
http://dx.doi.org/10.1016/j.jamda.2014.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24836715&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/1471-2318-14-7
http://dx.doi.org/10.1186/1471-2318-14-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24456417&dopt=Abstract
https://europepmc.org/abstract/MED/25171300
http://dx.doi.org/10.1159/000363136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25171300&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2014.05.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24984787&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chieneta

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

YuR, Leung J, Woo J. Incremental predictive value of sarcopeniafor incident fracturein an elderly Chinese cohort: results
from the Osteoporotic Fracturesin Men (MrOs) Study. JAm Med Dir Assoc. Aug 2014;15(8):551-558. [doi:
10.1016/j.jamda.2014.02.005] [Medline: 24703927]

Bemelmans R, Gelderblom GJ, Jonker P, de Witte L. Effectiveness of robot Paro in intramural psychogeriatric care: a
multicenter quasi-experimental study. JAm Med Dir Assoc. Nov 01, 2015;16(11):946-950. [doi:
10.1016/j.jamda.2015.05.007] [Medline: 26115817]

Chetty G, White M, Akther F. Smart phone based data mining for human activity recognition. Procedia Computer Science.
2015;46:1181-1187. [doi: 10.1016/].procs.2015.01.031]

ClaesV, Devriendt E, Tournoy J, Milisen K. Attitudes and perceptions of adults of 60 years and older towards in-home
monitoring of the activities of daily living with contactless sensors: an explorative study. Int J Nurs Stud. Jan
2015;52(1):134-148. [doi: 10.1016/j.ijnurstu.2014.05.010] [Medline: 24951084]

Gustafsson C, Svanberg C, Mullersdorf M. Using arobotic cat in dementia care: a pilot study. J Gerontol Nurs. Oct
2015;41(10):46-56. [doi: 10.3928/00989134-20150806-44] [Medline: 26488255]

Jaranson N, Pedersen |, Rokstad AMM, Ihlebak C. Effects on symptoms of agitation and depression in persons with
dementia participating in robot-assisted activity: a cluster-randomized controlled trial. JAm Med Dir Assoc. Oct 01,
2015;16(10):867-873. [doi: 10.1016/j.jamda.2015.05.002] [Medline: 26096582]

Lloret J, Canovas A, Sendra S, ParraL. A smart communication architecture for ambient assisted living. IEEE Commun
Mag. Jan 2015;53(1):26-33. [doi: 10.1109/mcom.2015.7010512]

Moyle W, Beattie E, Draper B, Shum D, Thalib L, Jones C, et al. Effect of an interactive therapeutic robotic animal on
engagement, mood states, agitation and psychotropic drug use in people with dementia: a cluster-randomised controlled
trial protocol. BMJ Open. Aug 12, 2015;5(8):009097. [ FREE Full text] [doi: 10.1136/bmjopen-2015-009097] [Medline:
26270953]

MoyleW, JonesC, Sung B, Bramble M, O’ Dwyer S, Blumenstein M, et a. What effect does an animal robot called CuDDler
have on the engagement and emotional response of older people with dementia? A pilot feasibility study. Int J of Soc
Robotics. Oct 24, 2015;8(1):145-156. [doi: 10.1007/s12369-015-0326-7]

Pfadenhauer M, Dukat C. Robot caregiver or robot-supported caregiving? Int Jof Soc Robotics. Jan 30, 2015;7(3):393-406.
[doi: 10.1007/s12369-015-0284-0]

Pino M, Boulay M, Jouen F, Rigaud A. "Are we ready for robots that care for us?' Attitudes and opinions of older adults
toward socially assistive robots. Front Aging Neurosci. 2015;7:141. [FREE Full text] [doi: 10.3389/fnagi.2015.00141]
[Medline: 26257646]

Pouyet V, Cuvelier G, Benattar L, Giboreau A. Influence of flavour enhancement on food liking and consumption in older
adults with poor, moderate or high cognitive status. Food Quality and Preference. Sep 2015;44:119-129. [doi:
10.1016/j.foodqual.2015.04.014]

Robinson H, MacDonald B, Broadbent E. Physiological effects of a companion robot on blood pressure of older peoplein
residential care facility: a pilot study. Australas J Ageing. Mar 2015;34(1):27-32. [doi: 10.1111/ajag.12099] [Medline:
24373064]

Shiomi M, lio T, Kamei K, Sharma C, Hagita N. Effectiveness of social behaviors for autonomous wheelchair robot to
support elderly people in Japan. PLoS One. 2015;10(5):€0128031. [FREE Full text] [doi: 10.1371/journal.pone.0128031]
[Medline: 25993038]

YamadaY, Denkinger MD, Onder G, Finne-Soveri H, van der Roest H, VlachovaM, et al. Impact of dual sensory impairment
on onset of behavioral symptomsin European nursing homes: results from the Services and Health for Elderly in Long-Term
Care study. JAm Med Dir Assoc. Apr 2015;16(4):329-333. [doi: 10.1016/j.jamda.2014.11.006] [Medline: 25523284]
Berridge C. Breathing room in monitored space: the impact of passive monitoring technology on privacy in independent
living. Gerontologist. Oct 2016;56(5):807-816. [doi: 10.1093/geront/gnv034] [Medline: 26035900]

Broadbent E, Kerse N, Peri K, Robinson H, Jayawardena C, Kuo T, et a. Benefits and problems of health-care robotsin
aged care settings: acomparison trial. Australas JAgeing. Mar 13, 2016;35(1):23-29. [doi: 10.1111/8ja9.12190] [Medline:
26364706]

Joranson N, Pedersen |, Rokstad AMM, Ihlebaek C. Changein quality of lifein older people with dementia participating
in Paro-activity: a cluster-randomized controlled trial. J Adv Nurs. Dec 2016;72(12):3020-3033. [doi: 10.1111/jan.13076]
[Medline: 27434512]

Koceski S, KoceskaN. Evaluation of an assistive telepresence robot for elderly healthcare. JIMed Syst. May 2016;40(5):121.
[doi: 10.1007/s10916-016-0481-x] [Medline: 27037685]

Lazarou |, Karakostas A, Stavropoulos TG, Tsompanidis T, Meditskos G, Kompatsiaris|, et a. A novel and intelligent
home monitoring system for care support of elders with cognitive impairment. J Alzheimers Dis. Oct 18,
2016;54(4):1561-1591. [doi: 10.3233/JAD-160348] [Medline: 27636843]

Martinikorenal, Martinez-Ramirez A, Gémez M, Lecumberri P, Casas-Herrero A, Cadore EL, et a. Gait variability related
to muscle quality and muscle power output in frail nonagenarian older adults. JAm Med Dir Assoc. Feb 2016;17(2):162-167.
[doi: 10.1016/j.jamda.2015.09.015] [Medline; 26577625]

https://www.jmir.org/2025/1/e56692 JMed Internet Res 2025 | vol. 27 | €56692 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jamda.2014.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24703927&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2015.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26115817&dopt=Abstract
http://dx.doi.org/10.1016/j.procs.2015.01.031
http://dx.doi.org/10.1016/j.ijnurstu.2014.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24951084&dopt=Abstract
http://dx.doi.org/10.3928/00989134-20150806-44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26488255&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2015.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26096582&dopt=Abstract
http://dx.doi.org/10.1109/mcom.2015.7010512
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=26270953
http://dx.doi.org/10.1136/bmjopen-2015-009097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26270953&dopt=Abstract
http://dx.doi.org/10.1007/s12369-015-0326-7
http://dx.doi.org/10.1007/s12369-015-0284-0
https://dx.doi.org/10.3389/fnagi.2015.00141
http://dx.doi.org/10.3389/fnagi.2015.00141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26257646&dopt=Abstract
http://dx.doi.org/10.1016/j.foodqual.2015.04.014
http://dx.doi.org/10.1111/ajag.12099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24373064&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0128031
http://dx.doi.org/10.1371/journal.pone.0128031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25993038&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2014.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25523284&dopt=Abstract
http://dx.doi.org/10.1093/geront/gnv034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26035900&dopt=Abstract
http://dx.doi.org/10.1111/ajag.12190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26364706&dopt=Abstract
http://dx.doi.org/10.1111/jan.13076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27434512&dopt=Abstract
http://dx.doi.org/10.1007/s10916-016-0481-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27037685&dopt=Abstract
http://dx.doi.org/10.3233/JAD-160348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27636843&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2015.09.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26577625&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chieneta

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

Mitoku K, Masaki N, Ogata Y, Okamoto K. Vision and hearing impairments, cognitive impairment and mortality among
long-term care recipients: a population-based cohort study. BMC Geriatr. May 27, 2016;16:112. [FREE Full text] [doi:
10.1186/s12877-016-0286-2] [Medline: 27233777]

Nikoloudakis Y, Panagiotakis S, Markakis E, Pallis E, Mastorakis G, Mavromoustakis CX, et al. A fog-based emergency
system for smart enhanced living environments. | EEE Cloud Comput. Nov 2016;3(6):54-62. [doi: 10.1109/mcc.2016.118]
Thodberg K, Sgrensen LU, Christensen JW, Poulsen PH, Houbak B, Damgaard V, et al. Therapeutic effects of dog visits
in nursing homesfor the elderly. Psychogeriatrics. Sep 2016;16(5):289-297. [doi: 10.1111/psyq.12159] [Medline: 26510632]
Thodberg K, Sgrensen LU, Videbech PB, Poulsen PH, Houbak B, Damgaard V, et a. Behavioral responses of nursing
home residentsto visits from a person with adog, arobot seal or atoy cat. Anthrozots. Mar 08, 2016;29(1):107-121. [doi:
10.1080/08927936.2015.1089011]

Atee M, Hoti K, Parsons R, Hughes JD. Pain assessment in dementia: evaluation of a point-of-care technological solution.
JAlzheimers Dis. 2017;60(1):137-150. [doi: 10.3233/JAD-170375] [Medline: 28800333]

Berridge C. Active subjects of passive monitoring: responses to a passive monitoring system in low-income independent
living. Ageing Soc. Mar 2017;37(3):537-560. [FREE Full text] [doi: 10.1017/S0144686X 15001269] [Medline: 28239211]
Darragh M, Ahn HS, MacDonald B, Liang A, Peri K, Kerse N, et al. Homecare robots to improve health and well-being
in mild cognitive impairment and early stage dementia: results from a scoping study. JAm Med Dir Assoc. Dec 01,
2017;18(12):1099.e1-1099.e4. [doi: 10.1016/j.jamda.2017.08.019] [Medline: 28974463]

Diraco G, Leone A, Siciliano P. A radar-based smart sensor for unobtrusive elderly monitoring in ambient assisted living
applications. Biosensors (Basel). Nov 24, 2017;7(4):55. [FREE Full text] [doi: 10.3390/bi0s7040055] [Medline: 29186786]
Korchut A, Szklener S, Abdelnour C, Tantinya N, Hernandez-Farigola J, Ribes JC, et al. Challenges for service
robots-requirements of elderly adults with cognitive impairments. Front Neurol. 2017;8:228. [FREE Full text] [doi:
10.3389/fneur.2017.00228] [Medline: 28620342]

Liang A, Piroth I, Robinson H, MacDonald B, Fisher M, Nater UM, et al. A pilot randomized trial of a companion robot
for people with dementia living in the community. JAm Med Dir Assoc. Oct 01, 2017;18(10):871-878. [doi:
10.1016/j.jamda.2017.05.019] [Medline: 28668664]

Machado A, Maran V, Augustin I, Wives LK, de Oliveira JPM. Reactive, proactive, and extensible situation-awarenessin
ambient assisted living. Expert Systems with Applications. Jun 2017;76:21-35. [doi: 10.1016/j.eswa.2017.01.033]
Moyle W, Jones CJ, Murfield JE, Thalib L, Beattie ERA, Shum DKH, et al. Use of arobotic seal as atherapeutic tool to
improve dementia symptoms: a cluster-randomized controlled trial. JAm Med Dir Assoc. Sep 01, 2017;18(9):766-773.
[FREE Full text] [doi: 10.1016/].jamda.2017.03.018] [Medline: 28780395]

Pigini L, Bovi G, Panzarino C, Gower V, Ferratini M, Andreoni G, et al. Pilot test of anew personal health system integrating
environmental and wearable sensorsfor telemonitoring and care of elderly people at home (SMARTA Project). Gerontology.
2017;63(3):281-286. [doi: 10.1159/000455168] [Medline: 28099965]

Rafferty J, Nugent CD, Liu J, Chen L. From activity recognition to intention recognition for assisted living within smart
homes. IEEE Trans Human-Mach Syst. Jun 2017;47(3):368-379. [doi: 10.1109/thms.2016.2641388]

Arends J, Thijs RD, Gutter T, Ungureanu C, Cluitmans P, Van Dijk J, et al. Multimodal nocturnal seizure detectionin a
residential care setting. Neurology. Nov 20, 2018;91(21):e2010-€2019. [doi: 10.1212/wnl.0000000000006545]
Cortellessa G, Fracasso F, Sorrentino A, Orlandini A, Bernardi G, Coraci L, et al. ROBIN, atelepresence robot to support
older users monitoring and social inclusion: development and evaluation. Telemed J E Health. Feb 2018;24(2):145-154.
[doi: 10.1089/tmj.2016.0258] [Medline: 28771398]

Erebak S, Turgut T. Caregivers attitudes toward potential robot coworkersin elder care. Cogn Tech Work. Jul 24,
2018;21(2):327-336. [doi: 10.1007/s10111-018-0512-0]

Jones C, Moyle W, Murfield J, Draper B, Shum D, Besttie E, et a. Does cognitive impairment and agitation in dementia
influenceintervention effectiveness? Findings from a cluster-randomized-controlled trial with the therapeutic robot, PARO.
JAm Med Dir Assoc. Jul 2018;19(7):623-626. [doi: 10.1016/j.jamda.2018.02.014] [Medline: 29656838]

Jones C, Sung B, Moyle W. Engagement of a person with Dementia Scale: establishing content validity and psychometric
properties. J Adv Nurs. May 17, 2018;74(9):2227-2240. [doi: 10.1111/jan.13717] [Medline: 29772602]

Lehoux P, Grimard D. When robots care: public deliberations on how technology and humans may support independent
living for older adults. Soc Sci Med. Aug 2018;211:330-337. [doi: 10.1016/j.socscimed.2018.06.038] [Medline: 30015242]
Meritam P, Ryvlin P, Beniczky S. User-based evaluation of applicability and usability of a wearable accelerometer device
for detecting bilateral tonic-clonic seizures: afield study. Epilepsia. Jun 2018;59 Suppl 1:48-52. [doi: 10.1111/epi.14051]
[Medline: 29873828]

Moyle W, Bramble M, Jones C, Murfield J. Care staff perceptions of asocial robot called Paro and alook-alike Plush Toy:
a descriptive qualitative approach. Aging Ment Health. Mar 2018;22(3):330-335. [doi: 10.1080/13607863.2016.1262820]
[Medline: 27967207]

Moyle W, Jones C, Murfield J, Thalib L, Beattie E, Shum D, et al. Effect of arobotic seal on the motor activity and sleep
patterns of older people with dementia, as measured by wearable technology: acluster-randomised controlled trial . Maturitas.
Apr 2018;110:10-17. [doi: 10.1016/j.maturitas.2018.01.007]

https://www.jmir.org/2025/1/e56692 JMed Internet Res 2025 | vol. 27 | €56692 | p. 17

(page number not for citation purposes)


https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-016-0286-2
http://dx.doi.org/10.1186/s12877-016-0286-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27233777&dopt=Abstract
http://dx.doi.org/10.1109/mcc.2016.118
http://dx.doi.org/10.1111/psyg.12159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26510632&dopt=Abstract
http://dx.doi.org/10.1080/08927936.2015.1089011
http://dx.doi.org/10.3233/JAD-170375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28800333&dopt=Abstract
http://europepmc.org/abstract/MED/28239211
http://dx.doi.org/10.1017/S0144686X15001269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28239211&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2017.08.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28974463&dopt=Abstract
https://www.mdpi.com/resolver?pii=bios7040055
http://dx.doi.org/10.3390/bios7040055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29186786&dopt=Abstract
https://doi.org/10.3389/fneur.2017.00228
http://dx.doi.org/10.3389/fneur.2017.00228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28620342&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2017.05.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28668664&dopt=Abstract
http://dx.doi.org/10.1016/j.eswa.2017.01.033
https://linkinghub.elsevier.com/retrieve/pii/S1525-8610(17)30189-5
http://dx.doi.org/10.1016/j.jamda.2017.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28780395&dopt=Abstract
http://dx.doi.org/10.1159/000455168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28099965&dopt=Abstract
http://dx.doi.org/10.1109/thms.2016.2641388
http://dx.doi.org/10.1212/wnl.0000000000006545
http://dx.doi.org/10.1089/tmj.2016.0258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28771398&dopt=Abstract
http://dx.doi.org/10.1007/s10111-018-0512-0
http://dx.doi.org/10.1016/j.jamda.2018.02.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29656838&dopt=Abstract
http://dx.doi.org/10.1111/jan.13717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29772602&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2018.06.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30015242&dopt=Abstract
http://dx.doi.org/10.1111/epi.14051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29873828&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2016.1262820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27967207&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2018.01.007
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chieneta

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

Mulero R, Almeida A, Azkune G, Abril-Jimenez P, Arredondo Waldmeyer M T, Paramo Castrillo M, et al. An loT-aware
approach for elderly-friendly cities. |IEEE Access. 2018;6:7941-7957. [doi: 10.1109/access.2018.2800161]

Rantanen T, Lehto P, Vuorinen P, Coco K. The adoption of care robots in home care-a survey on the attitudes of Finnish
home care personnel. J Clin Nurs. May 2018;27(9-10):1846-1859. [doi: 10.1111/jocn.14355] [Medline: 29575204]
Rantanen T, Lehto B, Vuorinen P, Coco K. Attitudestowards care robots among Finnish home care personnel - acomparison
of two approaches. Scand J Caring Sci. Jun 2018;32(2):772-782. [doi: 10.1111/scs.12508] [Medline: 28833309]

Wittich W, Hobler F, Jarry J, McGilton KS. Recommendationsfor successful sensory screening in older adultswith dementia
inlong-term care: aqualitative environmental scan of Canadian specialists. BMJ Open. Jan 26, 2018;8(1):€019451. [FREE
Full text] [doi: 10.1136/bmjopen-2017-019451] [Medline: 29374673]

Al-khafajiy M, Baker T, Chalmers C, Asim M, Kolivand H, Fahim M, et al. Remote health monitoring of elderly through
wearable sensors. Multimed Tools Appl. Jan 24, 2019;78(17):24681-24706. [doi: 10.1007/s11042-018-7134-7]

D’ Onofrio G, Fiorini L, Hoshino H, Matsumori A, Okabe Y, Tsukamoto M, et al. Assistive robots for socialization in
elderly people: results pertaining to the needs of the users. Aging Clin Exp Res. Dec 17, 2018;31(9):1313-1329. [doi:
10.1007/s40520-018-1073-7]

DanieleK, Marcucci M, Cattaneo C, Borghese NA, Zannini L. How prefrail older people living alone perceive information
and communi cations technology and what they would ask arobot for: qualitative study. J Med Internet Res. Aug 06,
2019;21(8):e13228. [FREE Full text] [doi: 10.2196/13228] [Medline: 31389341]

Decerle J, Grunder O, Hajjam El Hassani A, Barakat O. A memetic algorithm for multi-objective optimization of the home
health care problem. Swarm and Evolutionary Computation. Feb 2019;44:712-727. [doi: 10.1016/j.swev0.2018.08.014]
Moyle W, Bramble M, Jones CJ, Murfield JE. "She Had a Smile on Her Face as Wide as the Great Australian Bite": A
Qualitative Examination of Family Perceptions of a Therapeutic Robot and a Plush Toy. Gerontologist. Dec 09,
2019;59(1):177-185. [doi: 10.1093/geront/gnx180] [Medline: 29165558]

Moyle W, Jones C, Murfield J, Thalib L, Beattie E, Shum D, et al. Using a therapeutic companion robot for dementia
symptomsin long-term care: reflections from a cluster-RCT. Aging Ment Health. Mar 2019;23(3):329-336. [doi:
10.1080/13607863.2017.1421617] [Medline: 29282989]

Tang V, Choy K, Ho G, Lam H, Tsang Y. An loM T-based geriatric care management system for achieving smart health
in nursing homes. IMDS. Sep 09, 2019;119(8):1819-1840. [doi: 10.1108/imds-01-2019-0024]

Wright J. Robots vs migrants? Reconfiguring the future of Japanese ingtitutional eldercare. Critical Asian Studies. May 10,
2019;51(3):331-354. [doi: 10.1080/14672715.2019.1612765]

Ho A. Areweready for artificial intelligence health monitoring in elder care? BM C Geriatr. Sep 21, 2020;20(1):358. [FREE
Full text] [doi: 10.1186/s12877-020-01764-9] [Medline: 32957946]

tukasik S, Tobis S, Kropinska S, Suwalska A. Role of assistive robots in the care of older people: survey study among
medical and nursing students. JMed Internet Res. Aug 12, 2020;22(8):e18003. [FREE Full text] [doi: 10.2196/18003]
[Medline: 32784187]

KhoslaR, Chu M, Khaksar SMS, Nguyen K, Nishida T. Engagement and experience of older people with socially assistive
robotsin home care. Assist Technol. Mar 04, 2021;33(2):57-71. [doi: 10.1080/10400435.2019.1588805] [Medline: 31063044]
LoveysK, PrinaM, Axford C, Domeénec, Weng W, Broadbent E, et al. Artificia intelligence for older people receiving
long-term care: a systematic review of acceptability and effectiveness studies. Lancet Healthy Longev. Apr
2022;3(4):€286-e297. [FREE Full text] [doi: 10.1016/S2666-7568(22)00034-4] [Medline: 35515814]

Lukkien DRM, Nap HH, Buimer HP, Peine A, Boon WPC, Ket JCF, et a. Toward responsible artificial intelligence in
long-term care: a scoping review on practical approaches. Gerontologist. Jan 24, 2023;63(1):155-168. [FREE Full text]
[doi: 10.1093/geront/gnab180] [Medline: 34871399]

Reis J. Edge intelligence in enhancing last-mile delivery logistics. PrePrints. Preprint posted online July 23, 2024. [FREE
Full text] [doi: 10.20944/preprints202407.1777.v1]

Abbreviations

Al: artificial intelligence
El: edgeintelligence
oT: Internet of Things
LTC: long-term care
TGC: total global citation
TLC: total local citation

https://www.jmir.org/2025/1/e56692 JMed Internet Res 2025 | vol. 27 | €56692 | p. 18

(page number not for citation purposes)


http://dx.doi.org/10.1109/access.2018.2800161
http://dx.doi.org/10.1111/jocn.14355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29575204&dopt=Abstract
http://dx.doi.org/10.1111/scs.12508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28833309&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29374673
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29374673
http://dx.doi.org/10.1136/bmjopen-2017-019451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29374673&dopt=Abstract
http://dx.doi.org/10.1007/s11042-018-7134-7
http://dx.doi.org/10.1007/s40520-018-1073-z
https://air.unimi.it/handle/2434/669077
http://dx.doi.org/10.2196/13228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31389341&dopt=Abstract
http://dx.doi.org/10.1016/j.swevo.2018.08.014
http://dx.doi.org/10.1093/geront/gnx180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29165558&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2017.1421617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29282989&dopt=Abstract
http://dx.doi.org/10.1108/imds-01-2019-0024
http://dx.doi.org/10.1080/14672715.2019.1612765
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-020-01764-9
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-020-01764-9
http://dx.doi.org/10.1186/s12877-020-01764-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32957946&dopt=Abstract
https://www.jmir.org/2020/8/e18003/
http://dx.doi.org/10.2196/18003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32784187&dopt=Abstract
http://dx.doi.org/10.1080/10400435.2019.1588805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31063044&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-7568(22)00034-4
http://dx.doi.org/10.1016/S2666-7568(22)00034-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35515814&dopt=Abstract
https://europepmc.org/abstract/MED/34871399
http://dx.doi.org/10.1093/geront/gnab180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34871399&dopt=Abstract
https://www.preprints.org/manuscript/202407.1777/v1
https://www.preprints.org/manuscript/202407.1777/v1
http://dx.doi.org/10.20944/preprints202407.1777.v1
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chieneta

Edited by T de Azevedo Cardoso; submitted 24.01.24; peer-reviewed by S Groeneveld, M Vinayak, M Rizvi, J Reis, comments to
author 12.08.24; revised version received 21.09.24; accepted 20.01.25; published 04.03.25

Please cite as:

Chien SC, Yen C-M, Chang Y-H, Chen Y-E, Liu C-C, Hsiao Y-P, Yang P-Y, Lin H-M, Yang T-E, Lu X-H, Wu |-C, Hsu C-C, Chiou
H-Y, Chung R-H

Use of Artificial Intelligence, Internet of Things, and Edge Intelligence in Long-Term Carefor Older People: Comprehensive Analysis
Through Bibliometric, Google Trends, and Content Analysis

J Med Internet Res 2025; 27:€56692

URL: https://www.jmir.org/2025/1/€56692

doi: 10.2196/56692

PMID: 40053718

©Shuo-Chen Chien, ChiaMing Yen, Yu-Hung Chang, Ying-Erh Chen, Chia-Chun Liu, Yu-Ping Hsiao, Ping-Yen Yang,
Hong-Ming Lin, Tsung-En Yang, Xing-Hua Lu, I-Chien Wu, Chih-Cheng Hsu, Hung-Yi Chiou, Ren-Hua Chung. Originally
published inthe Journal of Medical Internet Research (https.//www.jmir.org), 04.03.2025. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journa of
Medical Internet Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original
publication on https://www.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2025/1/e56692 JMed Internet Res 2025 | vol. 27 | €56692 | p. 19
(page number not for citation purposes)

RenderX


https://www.jmir.org/2025/1/e56692
http://dx.doi.org/10.2196/56692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40053718&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

