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In contemporary medicine, two trends are of particular significance: the establishment of Tele-
health as a fundamental component of healthcare delivery, and the emergence of Large Lan-
guage Models (LLMs) as a transformative category of artificial intelligence. The convergence
of these domains has created a new, dynamic, and rapidly expanding research frontier. Despite
this escalating interest, a comprehensive map of the field's intellectual foundations, key contrib-
utors, and thematic progression has yet to be established. This study addresses this critical
knowledge gap by employing a quantitative scientometric methodology to systematically map
the intellectual structure and evolutionary trajectory of research at the intersection of Telehealth
and LLMs. We conducted a comprehensive bibliometric analysis of 670 scientific documents
extracted from the Web of Science (WoS) Core Collection database, spanning the period from
1997 to Oct 2025. The analysis utilized performance metrics and network mapping tools to
identify publication dynamics, influential actors, and core conceptual themes. The findings re-
veal a field in a state of “Hypergrowth®, characterized by an exponential increase in scientific
production, particularly after 2021. The United States and China are identified as the dominant
leaders in research output. Thematic analysis demonstrates a clear paradigm shift within the
literature: an evolution from a broad focus on general artificial intelligence and machine learning
applications toward a more specialized and intense concentration on the capabilities and impli-
cations of LLMs and Generative Al. This research provides the first large-scale quantitative map
of the Telehealth and LLM landscape. It documents a field that is maturing at an accelerated
rate, creating an urgent need for scholarly and practical frameworks that bridge the gap between
rapid technological innovation and the slower-moving, yet critical, domains of clinical valida-
tion, regulatory oversight, and ethical considerations. The insights provided herein offer a data-
driven foundation for researchers, policymakers, and practitioners to navigate and contribute to
this critical and rapidly evolving field.

© 2026 by the authors; licensee Growing Science, Canada.

1. Introduction

Telehealth has transitioned beyond a niche service to become an integral and routine component of modern healthcare
delivery. The COVID-19 pandemic served as a major catalyst, driving a rapid and substantial increase in telehealth adoption,
particularly during the pandemic’s early stages (Koonin et al., 2020). This widespread adoption cemented telehealth’s role
as a cornerstone of contemporary care. Reflecting this transformation, the global telehealth market has witnessed significant
expansion, with projections indicating a continued, substantial growth trajectory for the foreseeable future (Weinstein et al.,
2014). This expansion is propelled by persistent systemic pressures, including a burgeoning elderly population, the rising
prevalence of chronic diseases, and a projected shortage of physicians in the United States. Telehealth is uniquely positioned
to mitigate these challenges by enhancing access, particularly for rural and medically underserved populations. This growth
is further supported by the proliferation of wearable devices and sensors, which facilitate remote patient monitoring and
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create a rich data ecosystem for virtual care (Cardozo et al., 2022). Concurrently, LLMs have emerged as advanced artificial
intelligence systems, trained on extensive datasets to understand, generate, and interact with human-like language. These
models possess a transformative potential for healthcare. Their capacity to process and interpret vast, unstructured medical
data enables significant advancements in clinical decision support, diagnostic acceleration, treatment personalization, and
the streamlining of medical research. Specific applications include summarizing clinical notes, addressing patient inquiries,
simplifying complex medical terminology, and assisting in drug discovery (Shah et al., 2023). The convergence of these
two powerful trends—the telehealth revolution and the advent of LLMs—has established a dynamic and rapidly expanding
research domain. Preliminary literature suggests that LLMs can substantially enhance telehealth ecosystems by improving
e-consultations, mitigating communication barriers, and automating clinical workflows (Thirunavukarasu et al., 2023).

Despite this escalating interest, the intellectual structure of this nascent field remains largely uncharted. As with many
rapidly emerging scientific areas, a comprehensive overview of its foundational works, key research themes, influential
contributors, and evolutionary trajectory is absent (Lee et al., 2023). Although the first scoping reviews are emerging, their
focus is frequently restricted to specific areas, like ethical issues or distinct applications, which leaves a significant gap in
comprehensive, quantitative mapping of the field. Consequently, employing a scientometric analysis is essential to generate
a systematic, quantitative, and unbiased map of the current research landscape (Soni et al., 2023). This methodology can
reveal the underlying structure, identify knowledge gaps, and highlight future research directions, offering a critical foun-
dation for stakeholders in this new field (Bautista et al., 2023).

This study aims to fill the identified gap by conducting a comprehensive scientometric analysis to map the intellectual and
conceptual structure of research at the intersection of telehealth and LLMs from 1997 to 2025. The study is guided by the
following research questions (RQs):

RQ1: What are the publication and citation dynamics that characterize the growth of this research field?

RQ2: Who are the leading authors, institutions, and countries, and what are the most influential publication sources shaping
this field?

RQ3: What are the main conceptual pillars, emerging trends, and thematic clusters that define the intellectual structure of
telehealth and LLM research?

This article provides the first large-scale, quantitative overview of this critical research area. This study merges performance
analysis with thematic mapping to deliver a comprehensive perspective on the field's development, pinpointing specific
areas of research focus and oversight, and recommending a data-informed agenda for subsequent investigations.

The subsequent sections of this article are structured as follows: Section 2 describes the Materials and Methods, specifying
the data extraction protocol from the Web of Science, the search query formulation and filtering steps, and the analytical
instruments used for the scientometric review. Section 3 presents the detailed Scientometric Analysis, providing a compre-
hensive overview of the dataset and in-depth analyses of publication sources, authors, leading countries and institutions,
impactful documents, and thematic keyword evolution. Section 4 offers a Discussion of the findings and their managerial
insights. Finally, Section 5 concludes the paper by summarizing the main findings, acknowledging the study's limitations,
and proposing future research directions.

2. Methodology and Data Sources

This study utilizes a quantitative bibliometric approach to map the intellectual structure and evolution of research at the
intersection of Telehealth and Artificial Intelligence (including related fields like LLMs, Machine Learning, and Deep
Learning). Bibliometric approaches offer a structured method for classifying and evaluating extensive research datasets,
thereby enabling the synthesis of scholarly knowledge (Aria & Cuccurullo, 2017). The analytical frameworks were lever-
aged to conduct an in-depth examination of: (1) the dataset, (2) publication sources, (3) author contributions, (4) geopolitical
and institutional affiliations, (5) scholarly outputs, and (6) keyword dynamics. Visualization of the analytic outcomes was
rendered via the VOSViewer software (version 1.6.19) and the R Bibliometrix suite (version 4.1.0). The scholarly corpus
for this analysis was retrieved from the Web of Science (WoS) Core Collection database, using the search query detailed in
Table 1. This query was executed on October 1, 2025, covering the period from January 1, 1997, to the retrieval date.

Table 1
Search Query Terms Used for WoS Database Retrieval
Level Field Search Terms
1 Title (“Telehealth” OR “Telemedicine” OR “Telemonitoring” OR “Telecare™)
AND
2 Topic* (“Large Language Model*” OR “LLM” OR “Artificial Intelligen*”” OR “AI” OR “Machine learning” OR “Deep learn-

Note: Topic (Title, Keywords, and Abstract)
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The initial query yielded a cumulative total of 692 scholarly documents. These records were then subjected to a screening
protocol to ensure data quality. As shown in the 'Selection' phase, 22 publications were excluded due to their non-English
language of publication. The structural framework adopted for executing this review, resulting in a final corpus of 670
documents for analysis, is delineated in Fig 1.

£ [ Database ] { Web of Science (WoS) }
ks CTTTTT i
=t i Data Collection | [ Topic ] { Telehealth and LLM advancements } *****
g S )
= [ Timme span ] { 1997 - 2025 ]
5 [T . . .-
s i All Publications | Exclusion Criteria: Selected for final analysis | 1~
é | (n=692) j Non-English Papers (n=22) (n=670)

[ General Information and Dataset Analysis ]

[ Analysis of Sources ]
é T [ Analysis of Authors ] o
= i Bibliometric Analysis |
& S — / [ Analysis of the Leading Countries and Institutions ]

[ Analysis of Document ]

[ Hot Topics and Keywords Analysis ]

Fig. 1. PRISMA Flowchart Demonstrating the Study Selection Protocol
3. Bibliometric Assessment and Results

This section presents a comprehensive Scientometric analysis of the research landscape concerning Telehealth advance-
ments utilizing LLMs. The analysis is structured into six distinct subsections, each investigating a critical dimension of this
field. The review begins with a detailed examination of the collated dataset. In this part, attributes such as volume, scope,
and temporal coverage are assessed to gain a precise understanding of the research breadth within this evolving domain.
Following this, the publication sources from which the literature was curated are investigated. This process helps identify
pivotal journals, conferences, and academic platforms, enabling the discernment of dissemination trends and the most in-
fluential publication venues. A third segment concentrates on the contributing authors, where authorship structures, collab-
oration matrices, and individual research productivity are dissected. This examination identifies leading scholars, collabo-
rative networks, and the magnitude of their academic influence within the global research community. Subsequently, a
geopolitical and institutional analysis maps the countries and institutions engaging in research on Telehealth and LLMs.
This mapping sheds light on the international distribution of scholarly activities, highlights leading nations and institutions,
and traces patterns of cross-border collaboration. The fifth part shifts focus to the documents themselves, performing a deep
dive into publication trends, citation patterns, and the types of scholarly outputs that have contributed to the consolidation
of knowledge in this field. Finally, the analysis concludes by employing advanced Scientometric techniques to examine the
keywords associated with this domain. Through network analysis, co-word diagrams, and conceptual mapping, key thematic
clusters, emerging concepts, and the intricate relationships defining the research discourse are elucidated.

In summary, this comprehensive review offers a complete overview of the research field concerning Telehealth and LLM
developments. Through the combination of advanced network analysis methods and sophisticated visualization instruments,
this work reveals key insights and clear trends, substantially enhancing the understanding of this crucial and quickly chang-
ing area.

3.1. Descriptive Overview of the Dataset
3.1.1. Core Metrics of the Corpus

The data corpus chosen for this study includes 670 papers, with contributions from 3,219 unique authors. An average citation
rate of 8.897 per paper was recorded, a metric that is viewed as highly respectable within the scholarly community. A
substantial annual growth rate of 15.64% was also observed, underscoring the expanding scholarly interest in this nascent
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domain. “The most common form of publication was the “Article” (363 instances), with “Proceedings Papers” (107 in-
stances) being the second most frequent. Additionally, the analysis identified 950 Keywords Plus along with 1,812 author-
supplied keywords, which illustrates the extensive thematic scope of the literature. A concise summary of the general met-
rics and characteristics of the analyzed papers is presented in Table 2.

Table 2

Summary of Descriptive Statistics for the Corpus
Description Results Description Results
Main Information About Data Document Types
Timespan 1997:2025 Article 363
Sources (Journals, Books, etc.) 451 Article; Proceedings Paper 8
Documents 670 Article: Early Access 10
Annual Growth Rate % 15.64 Book Chapter 16
Document Average Age 3.77 Editorial Material 26
Average citations per doc 8.897 Proceedings Paper 107
References 23178 Review 90
Document Contents Authors
Keywords Plus (ID) 950 Authors 3219
Author's Keywords (DE) 1812 Authors of single-authored docs 43
Authors Collaboration
Single-authored docs 49
Co-Authors per Doc 5.31
International co-authorships % 25.67

3.1.2. Trends in Publication Volume

A pronounced upward trajectory in publication volume is illustrated in Fig 2a. A significant shift in the annual growth rate
is evident, escalating from sparse activity prior to 2019, to a moderate increase in 2020, and peaking at over 250 documents
by 2023. Notably, as of October 2025, more than 400 new studies on this subject have been published (including ~150 in
2024 and ~100 to date in 2025), suggesting this upward trend will likely persist.

This publication trend can be segmented into two distinct phases. The first period (1997-2019) was characterized by minimal
research activity, which was mostly concentrated on general telehealth absent LLM integration. Conversely, the second
period (2020-2025) witnessed a significant surge in research publications, a trend primarily driven by the telehealth expan-
sion during the COVID-19 pandemic and the widespread availability of advanced Large Language Models (like GPT-3 in
2020 and GPT-4 in 2023).

Additionally, Fig. 2b illustrates the mean citations annually, identifying 2018 and 2020 as the years with the highest citation
rates, indicating the peak impact of foundational studies in this domain. Citations in recent years (2024-2025) continue to
rise (~2.5 average), confirming the consolidating role of LLMs.

A | Scientific Producti .
At nnualseientiic Frodudtion Average Citations per Year
A Gigions

(a) (b)

Fig. 2. Publication Trends. (a) Annual Document Volume and (b) Mean Annual Citations

Fig. 3 presents a comparative examination of the annual growth patterns for both published papers and their associated
citations between 1997 and 2024. The graph clearly shows a sharp upward trajectory, especially after 2018. Notably, 2023
achieved the greatest quantity of published papers, whereas 2024 registered the highest citation peak. It is crucial to empha-
size that the data in this figure reflect the total annual articles and citations, highlighting the continuous and swift growth of
research in this area.
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Fig. 3. Temporal Growth of Publications and Citations
3.2. Assessment of Publication Venues

3.2.1. Citation Impact by Source

Table 3 details the distribution of the most frequently cited sources within this domain. The data reveal significant scholarly
interest, identifying the “Journal of Medical Internet Research” as the most impactful journal, having gathered 381 citations.
The “Journal of Telemedicine and Telecare” ranks as the second most-cited source (with 316 citations), pursued closely by
'Telemedicine and E-Health' (310 citations) and 'IEEE ACCESS' (also 310 citations). This outcome underscores the pivotal
role these journals play in advancing research on this topic, serving as key platforms for disseminating influential scholarly
work.

Table 3

Top-Cited Publication Venues by Total Citations
Sources Number of Citation
Journal of Medical Internet Research 381
Journal of Telemedicine and Telecare 316
Telemedicine and e-Health 310
IEEE Access 231
PLOS ONE 231
Ophthalmology 204
JAMA: The Journal of the American Medical Association 194
International Journal of Medical Informatics 191
Sensors 182
The New England Journal of Medicine 173

3.2.2. Core Publication Venues

This section identifies the most prominent and impactful sources within the research domain. To identify these core journals,
Bradford's Law (Brookes, 1969) was applied, which offers critical insights into publication distribution patterns. As depicted
in Fig 4, this law categorizes journals into zones based on their publication frequency. The core zone (Zone 1) consists of
the most prolific and frequently cited journals related to Telehealth and LLM advancements. These core publications are of
significant importance due to their broad scope and central role in the field.

Core Sources by Bradford's Law

Atticles

Source log(Rank)

Fig. 4. Identification of Core Sources via Bradford's Law
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The publication frequency of the ten most influential sources is showcased in Table 4. This table provides insights into their
relative impact. A detailed examination of this data reveals Telemedicine And E-Health as the clear leading source. With
the highest number of published documents (18), this journal has cemented its position as the premier outlet for scholars in
this field. Its considerable contribution is underscored by its high publication frequency, demonstrating a sustained produc-

tion of pioneering research.

Table 4
Frequency and Impact of Leading Publication Sources

Sources Rank Freq Zone
Telemedicine And E-Health 1 18 Zonel
Artificial Intelligence And Blockchain Technology In Modern Telehealth Systems 2 17 Zonel
Sensors 3 10 Zonel
IEEE Access 4 9 Zonel
Journal of Clinical Medicine 5 9 Zonel
Healthcare 6 8 Zonel
Jnp- The Journal for Nurse Practitioners 7 8 Zonel
Applied Sciences-Basel 8 7 Zonel
Investigative Ophthalmology & Visual Science 9 7 Zonel
Computer Methods And Programs In Biomedicine 1 18 Zonel

3.2.3. Temporal Dynamics of Leading Sources

The growth trajectory of article publications across the top 10 journals is depicted in Fig 5. A marked and accelerated
increase in publications is clearly highlighted, both annually (Fig 5a) and cumulatively (Fig 5b), with a particular accelera-
tion after 2023. This upward momentum underscores the pivotal role of these journals in disseminating scholarly work on
this topic. It is projected that this publication pace will persist, further solidifying the influence of these journals.

Sources' Production over Time Sources' Production over Time

Annual ocurmences

(a) (b)
Fig. 5. Growth Dynamics of Top Sources (a) Annual Frequency (b) Cumulative Frequency
3.3. Assessment of Author Contributions
3.3.1. Scholarly Productivity Patterns

Lotka's Law, which quantifies the frequency of publications within a specific knowledge area, is frequently used to describe
the distribution of author productivity. Fig. 6 illustrates the findings for this domain, placing them in contrast to the predicted
distribution. Our results show an index in which 91.6% of authors published only one paper, 7.0% authored two, 1.1%
produced three, and merely 0.2% contributed four (see Table 5). This suggests the current authorship distribution deviates
substantially from the theoretical expectation under Lotka's Law. The theoretical curve for Lotka's Law is represented by
the dashed line in Fig. 6, highlighting the observed divergence.

Author Productivity through Lotka's Law

% of Authors

Documents witten

Fig. 6. Author Productivity Distribution Compared to Lotka's Law
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Table 5
Distribution of Scientific Output per Author
Documents written Number of Authors Proportion of Authors
1 2947 91.6%
2 224 7%
3 37 1.1%
4 7 0.2%
5 1 0
6 1 0
7 2 0.1%

3.3.2. Longitudinal Analysis of Author Output

A detailed visualization of the leading authors' scholarly output over time is presented in Fig 7. In this graph, chromatic
intensity corresponds to the Total Citations per Year (TC Per Year), while bubble magnitude signifies the author's annual
publication frequency (N Articles). As an example, CHIANG MF contributed a high volume of work in 2020 (a large bubble
indicating 5 articles), which also accrued a significant number of citations per year (indicated by the dark blue color). This
visual format elucidates the temporal distribution of authorship and citation metrics, offering an intricate depiction of aca-

demic productivity and influence.

Authors' Production over Time

=22
&

e

Fig. 7. Longitudinal Output and Impact of Leading Authors in Telehealth/LLM Research

3.3.3. Key Authors and Their Scholarly Influence

This analysis identifies the most prominent and influential authors in the domain of Telehealth and LLM advancements. A
comprehensive overview of the top 10 authors by publication count is offered in Fig 8, while Table 6 ranks the top authors
by article count and fractionalization, reflecting their scholarly impact. The most prolific contributors include Imoize AL
and Kim J (7 documents each), whose output has significantly advanced the field. Other key contributors like Ahmed ST
(6 documents) and Chiang MF (5 documents) have also played a critical role. These scholars have shown a profound influ-
ence on shaping the discourse and addressing challenges within this evolving research area.

Most Relevant Authors

Fig. 8. Leading Authors by Total Number of Publications

These researchers have both expanded the body of knowledge and wielded significant influence, which is evident from their
high citation numbers. Such metrics act as a strong proxy for their academic impact and the prestige they have achieved

within their field, highlighting their central importance.
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Table 6
Leading Authors Ranked by Article Count and Fractionalized Output
Authors Articles Articles Fractionalized
Imoize Al 7 241
KimJ 7 1.37
Ahmed St 6 1.77
Chiang Mf 5 0.47
Bellini V 4 0.71
Campbell Jp 4 0.41
Garg S 4 0.85
Hayn D 4 0.71
Huang Jc 4 3.50
LiJ 4 1.19

The hierarchical rankings of the top 10 preeminent scholars (1997-2025) are elucidated in Table 7. The rankings are derived
from established bibliometric indicators, including the H-index, G-index, and M-index, which are ubiquitously acknowl-
edged for quantifying scholarly impact and productivity. The H-index evaluates both scholarly output and citation influence
by determining the quantity of publications (h) that have each amassed at least h citations (Bornmann & Daniel, 2007). The
G-index provides a more nuanced view by giving more weight to highly-cited articles in an author's oeuvre (Egghe, 2006).
The M-index supplements this by focusing on the “h-core”—the collection of most-cited works—and calculating the aver-
age citations within that critical corpus (Hirsch, 2005). An exhaustive depiction of these metrics for the foremost authors is
delivered in Table 7.

Table 7
Top 10 Influential Authors Based on H, G, and M Indices
Element H index G index M index TC NP PY Start
Ahmed St 4 6 0.667 90 6 2020
Garg S 4 4 0.667 95 4 2020
Chan Rvp 3 3 0.5 43 3 2020
Chiang Mf 3 5 0.429 85 5 2019
Kim J 3 7 0.5 62 7 2020
LiJ 3 4 0.429 76 4 2019
Sankar S 3 3 0.5 46 3 2020
Alomari A 2 3 0.4 26 3 2021
Baillieul S 2 2 1 13 2 2024
Bailly S 2 2 1 13 2 2024

Notes. TC: Total Citation, NP: Number of Publications, PY start: Publication Year Start
3.4. Geographical and Institutional Analysis
3.4.1. Key Contributing Nations

This analysis now turns to the geopolitical and institutional landscape of the field. Our analytical inquiry reveals compelling
insights into document production. As visually demonstrated in the Fig 9 heat map, the United States and China are the
foremost leaders in scholarly output. Their dark shading on the map underscores their formidable presence and influential
role. This leading position is further confirmed by the corresponding author statistics (see Table 10), in which the United
States and China once more occupy the top two positions. The United States, a major force in academic discourse, cements
its escalating influence and significant contributions. Following these leaders, nations such as the United Kingdom, India,
Canada, and Australia show significant research activity, reflected in their citation impact (Table 8) and collaboration pat-
terns (Fig 12). An intricate examination of citation impact is provided in Table 8. These citation figures serve as a robust
indicator of scholarly impact. The United States unequivocally leads this citation hierarchy, amassing 1,646 total citations.
China follows in second place with 503 citations, and France claims the third rank with 370 citations, reflecting its signifi-

cant intellectual footprint.
Country Scientific Production

-

Fig. 9. Global Map of Scientific Production by Country
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Table 8
Top Countries Ranked by Total Citations
Country TC Average Article Citations
USA 1646 8.80
China 503 8.00
France 370 20.60
Australia 366 14.10
India 325 7.60
Italy 284 6.20
United Kingdom 253 13.30
Singapore 228 38.00
Malaysia 226 32.30
Spain 175 10.90

3.4.2. Leading Institutional Affiliations

At the institutional level, Harvard University occupies the premier position among the top 10 academic institutions, having
contributed 41 publications (Table 9). Harvard University Medical Affiliates follows with 26 articles. The University of
Queensland (25 articles) and Stanford University (21 articles) also rank among the most prestigious institutions, providing
a detailed overview of the academic entities at the forefront of this research.

Table 9

Top-Contributing Institutions by Article Count
Affiliations Articles
Harvard University 41
Harvard University Medical Affiliates 26
University of Queensland 25
Stanford University 21
Taipei Medical University 20
University of California System 18
University of London 16
Harvard Medical School 15
King Saud University 15
Oregon Health and Science University 15

In conjunction with the data in Table 9, additional insights are offered by Fig 10. This figure graphically illustrates the
temporal research trajectory across various affiliations. This mapping of productivity over time provides a dynamic repre-
sentation of the evolving landscape, highlighting key institutions that have played a pivotal role in the field's progress.

Affiliations' Production over Time

Articles

Fig. 10. Longitudinal Publication Output of Key Affiliations
3.4.3. Analysis of Collaboration Networks

Exploring the intricacies of international collaboration offers critical insights into the most active global collaborators. Fig
11 graphically delineates the global collaboration network, where country shading (color intensity) and line thickness sig-
nify the magnitude of these engagements. The illustration shows the United States standing out with the most extensive and
multifaceted collaboration network, positioning it as a central nexus for transnational academic partnerships.
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Longitude

Latitude

Fig. 11. Global Collaboration Network Map by Country/Region

A comprehensive depiction of both intra-national and international collaboration is provided in Fig 12, utilizing the SCP
(Single-Country Collaboration) and MCP (Multiple-Country Collaboration) indices (Johansson, 2023). As depicted in Ta-
ble 10, the USA holds the top position in total publications (188), with high numbers of both SCP (158) and MCP (30).
China holds the second position with 63 total publications. Nations like the United Kingdom (MCP Ratio 47.4%) and
Australia (MCP Ratio 65.4%) demonstrate a high proportion of MCP, signaling strong involvement in multinational re-
search. In contrast, nations like the United States (with an MCP Ratio of 16%) and India (16.3%) demonstrate a strong focus
on SCP, which suggests that a substantial part of their collaborative work is conducted within their own borders.

Corresponding Author's Countries

Countries vea- |
o [
mor- - [
wos- [
ALSTRALIA - _
UNITED KINGDOM - _
FRANCE - _
NIGERIA - -
S - Collaboration
KOREA - - . SCP
BRAZIL- - [ e
PAKISTAN - -
CANADA - -
GERMANY = -
JAPAN - -
POLAND - -
SAUDI ARABIA - -
MALAYSIA = -
AUSTRIA - -
0 50 100 150
N. of Documents
SCP: Single Country Publizations, MCP: Multiple Country Publications
Fig. 12. Leading Countries by Corresponding Authorship (SCP vs. MCP)
Table 10
SCP and MCP Analysis for the Top 10 Corresponding Author Countries
Country Article SCP MCP Freq MCP Ratio
USA 188 28.1 158 30 16
China 63 9.4 57 6 9.5
Italy 46 6.9 35 11 239
India 43 6.4 36 7 16.3
Australia 26 39 9 17 65.4
United Kingdom 19 2.8 10 9 47.4
France 18 2.7 12 6 333
Nigeria 16 2.4 10 6 37.5
Spain 16 24 13 3 18.8
Korea 14 2.1 10 4 28.6
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3.5 Assessment of Key Publications
3.5.1. Leading Documents by Citation

Table 11 presents the 10 most influential documents in this field based on global citations, which vary from 66 to 160.
Among the top five ranked publications are those authored by Gunasekeran DV (2021), Albahri AS (2021), Hoffman DA
(2020), Wang XL (2014), and Rubel P (2005).

Table 11
The 10 Most-Cited Articles in Telehealth and LLM Research
Authors Total Citations (TC) TC per year
Gunasekeran (2021) 160 32.00
Albahri (2021) 153 30.60
Hoffman (2020) 121 20.17
Wang (2014) 81 6.75
Rubel (2005) 81 3.86
Leclercq (2022) 72 18.00
Amijad (2023) 71 23.67
Shen (2021) 69 13.80
Kern (2020) 67 11.17
Bhaskar (2020) 66 11.00

The publication by Gunasekeran et al. (2021) investigates the use of digital health in public health reactions to the COVID-
19 pandemic. As a systematic scoping review, this article focuses on the function of Artificial Intelligence (Al), Telehealth,
and associated technologies during the pandemic, evaluating their application in practical healthcare settings. The study by
Albahri et al. (2021), featured in “Network and Computer Applications” , delivers a systematic review concerning Al ap-
plications within Telehealth. It concentrates on the difficulties and potential benefits of merging telemedicine platforms
with Al-powered diagnostic instruments, offering a framework for assessing these new technologies in healthcare network-
ing applications. Hoffman (2020) analyzes the legal and regulatory hurdles associated with the fast growth of telemedicine
amid the COVID-19 crisis. This article posits that although rules were swiftly adapted to facilitate remote care, achieving
telehealth's complete potential necessitates durable legal measures in six critical domains, such as reimbursement, privacy,
liability, and AI. Wang et al. (2014) introduce a cost-effective, portable 12-lead ECG acquisition device utilizing a micro-
controller and an Android smartphone. This device sends ECG data via Bluetooth to the smartphone for real-time display
and subsequent transmission to a remote server for diagnosis or archiving, marking an early use of IoT in telecardiology.
Lastly, Rubel et al. (2005) details the outcomes of the EPI-MEDICS telemedicine initiative, which centered on creating a
portable, low-cost "Personal ECG Monitor" (PEM). This monitor was engineered for the early identification of cardiac
ischemia and arrhythmia and was capable of automatically sending alarm notifications to emergency call centers, represent-
ing a major advancement toward personalized eHealth in the field of cardiology.

3.6 Thematic and Keyword Analysis
3.6.1. High-Frequency Keywords

The most frequently occurring keywords are presented in Table 12, spanning the period 2018-2024. Author-supplied key-
words offer a view into research trends directly from the investigators' standpoint , whereas Keywords Plus are automatically
generated from titles and abstracts to provide supplementary thematic levels. The analysis of author keywords reveals that
"Telemedicine" (312 instances) and "Artificial Intelligence" (140 instances) are the most dominant terms. In contrast, the
Keywords Plus analysis identifies "Care" (55 instances) and "Health" (35 instances) as the most frequent terms. It is note-
worthy that terms such as "Artificial Intelligence" and "Telemedicine" are present in both lists, highlighting their funda-
mental significance within the research dialogue.

Table 12
Top Author Keywords and Keywords Plus in the Research Corpus
Author's Keywords Occurrences Keywords Plus Occurrences
Telemedicine 312 Care 55
Artificial Intelligence 140 Health 35
Telehealth 131 Management 33
Machine Learning 78 Telemedicine 32
Deep Learning 45 Health-care 26
Covid-19 42 Impact 26
Telemonitoring 28 Artificial-Intelligence 24
Digital Health 27 Telehealth 22
E-health 13 Diagnosis 21

Ehealth 13 System 20
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A sophisticated visual synthesis of the relationships between Authors (AU), Merged Keywords (KW_Merged), and Sources
(SO) is offered in Fig 13, the “Three-Field Plot”. These parameters are correlated according to their prominence. The mag-
nitude of the interconnections is represented by the proportional size of the tiles and the thickness of the connecting flows.
As illustrated, leading authors including Coccia M, Ahmed St, and Kim J (Left Field) show a strong connection to central
research topics such as “telemedicine”, “telehealth”, and “artificial intelligence” (Center Field). These topics are, in return,

primarily associated with articles published in sources like “telemedicine and e-health” and “journal of clinical medicine”
(Right Field).
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Fig. 13. Sankey Diagram Illustrating Author-Keyword-Source Relationships
3.6.2. Temporal Evolution of Research Topics

Trending topic analysis is a crucial bibliometric tool for visualizing the temporal evolution of scholarly literature. This
progression is captured in Fig 14, which presents emergent themes identified via author keywords. This analysis, summa-
rized in Table 13, highlights the shifting focus of research interests over time.

The topics shown in Fig. 14 demonstrate both consistency and change. During the initial phase (circa 2007-2016), funda-
mental subjects like "Artificial Neural Network" and "Decision Support System" were dominant. A major transition fol-
lowed (circa 2017-2022) marked by the emergence of "Telemedicine," "Telehealth," and "Artificial Intelligence." In the
most recent period (circa 2023-2024), the research front has shifted to a pronounced focus on applications and outcomes,
indicated by terms such as "Disparities" and "Palliative Care.
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Fig. 14. Temporal Evolution of Research Topics
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Table 13
Analysis of Trending Topics Based on Median Publication Year
Item Freq Year Q1 Year Med Year Q3
Decision Support System 6 2009 2016 2022
Telecare 6 2012 2016 2020
Neural Network 5 2014 2016 2021
Information 7 2014 2017 2022
Artificial Neural Network 9 2007 2018 2018
Classification 19 2016 2019 2023
Neural-Network 9 2017 2019 2022
American Indian 5 2017 2019 2023
Prediction 18 2019 2020 2024
Neural-Networks 8 2017 2020 2022

3.6.3. Conceptual Structure Map

A central component of this study is the creation of a thematic map to grasp the current research environment and its
potential for future growth. This map is produced by analyzing keyword clusters and their links. Each theme is defined by
two metrics: density (y-axis), which indicates internal coherence, and centrality (x-axis), which signifies its links and overall
importance. The final map is shown in Fig. 15 and is segmented into four quadrants, with each providing strategic insights:

Q1 (Motor Themes): The upper-right quadrant contains driving themes with high centrality and density. These themes are
both highly developed and essential to the discipline. Topics such as "Telemedicine," "Telehealth," and "Artificial Intelli-
gence" are located in this quadrant, defining the contemporary research terrain.

Q4 (Basic Themes): The lower-right quadrant consists of foundational themes. They are highly central (important) but have

LEINNT3

low internal development (Density). “Machine Learning”, “Deep Learning”, and “Telemonitoring” are basic themes that
underpin developments elsewhere.

Q2 (Niche Themes): The upper-left quadrant contains specialized, or niche, themes. They are highly developed internally
(high density) but have limited connections to the broader field (low centrality). Topics include “Steganography” and
“CNN”.

Q3 (Emerging or Declining Themes): The lower-left quadrant includes themes that are less developed and less central.
Themes like “Deep Neural Network™ and “Encryption” are found here, potentially representing foundational concepts of
the recent past or emerging areas not yet fully integrated.
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Fig. 15. Strategic Diagram of Thematic Clusters (Density vs. Centrality)

3.6.4. Keyword Frequency Visualization

A word cloud provides a graphical representation of text data, offering an intuitive method for discerning dominant themes.
Two-word cloud visualizations are introduced to provide insights into the keywords used in this discourse.

The first (Fig 16 (a)) focuses on authors' keywords. Here, “Telemedicine”, “Telehealth”, “Artificial Intelligence”, and “Ma-
chine Learning” emerge as the most prominent terms, reflecting their central role as defined by the authors.
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The second (Fig 16 (b)) examines Keywords Plus. In this visualization, “Care”, “Health”, “Management”, and “Health-
Care” are identified as pivotal keywords, along with “Telemedicine” and “Artificial-Intelligence”. Additionally, terms such
as “Impact”, “System”, and “Prediction” surface as integral methodologies and thematic elements.

Overall, the Word Cloud analysis reveals that the paper centers on the complexities of remote healthcare delivery and patient
management. It highlights the importance of employing advanced techniques like Al and ML to enhance telemedicine and
telehealth systems, while also addressing core themes of care, health, and management.
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Fig. 16. Keyword Frequency Visualization: (a) Author Keywords and (b) Keywords Plus

3.6.5. Co-occurrence Networks

This image presents a co-occurrence network map, generated using VOSviewer, which illustrates the conceptual relation-
ships within a specific scientific field, likely at the intersection of digital health and artificial intelligence. The visualization
comprises two key perspectives that together map the intellectual structure and its evolution. The network visualization
reveals the overarching thematic landscape through distinct, color-coded clusters of closely related terms. These clusters
represent core research foci, such as one grouping centered on clinical and patient care, encompassing terms like m-health,
p-health, diagnosis, and telemedicine. A separate, prominent cluster is dedicated to data science and artificial intelligence
methodologies, featuring terms like deep learning, data mining, natural language processing, and computer vision. Further
clusters are identifiable, covering areas from specific medical conditions such as anxiety and heart failure to foundational
research fields like human genomics and internal genomics. Superimposed upon this network structure is the overlay visu-
alization, which introduces a temporal dimension to the analysis. In this view, the color of each node signifies its average
publication year or the trend of its usage, thereby mapping the trajectory of research interest over time. The clear trend
visible in the figure shows an evolution from earlier, more foundational concepts and specific medical applications, often
represented in cooler colors, towards more recent and advanced technological approaches. This shift is marked by a strong
focus on emerging areas like digital intelligence (Al), deep learning, and natural language processing, which appear in
warmer colors. In summary, Fig. 17 effectively utilizes this dual visualization technique to not only highlight the current
thematic clusters within the field but also to clearly reveal the dynamic trends shaping its future direction.

(@) (b)

Fig. 17. Co-occurrence Networks: (a) Network Visualization and (b) Overlay Visualization
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4. Interpretation of Findings and Practical Implications

This scientometric analysis reveals that the intersection of telehealth and LLMs is a nascent research domain, having
emerged in 2018. It is, however, in a state of hypergrowth, evidenced by an exponential increase in publications and cita-
tions, particularly since 2022. This “Big Bang” in scholarly output is clearly driven by recent technological breakthroughs
in generative Al. Our findings indicate a high-resource, competitive research environment. This is characterized by a sig-
nificant concentration of scientific leadership geographically within the United States and China and institutionally within
a select group of top-tier academic universities and high-impact journals. Furthermore, the trend and thematic map analyses
confirm a distinct conceptual evolution. The field's focus has rapidly specialized, shifting from broad applications of artifi-
cial intelligence to an intense, specific focus on the capabilities and integration of LLMs. This demonstrates a field that is
not merely growing but is rapidly maturing and specializing around a new technological paradigm.

The “Motor Themes” uncovered in our analysis, including “Patient Engagement”, directly correspond to the practical ap-
plications reviewed in the existing literature. The integration of LLMs is poised to enhance telehealth ecosystems in several
critical areas:

e Improving Patient Communication and Access: LLMs can function as physician Al assistants or chatbots to miti-
gate communication barriers stemming from low health literacy or language differences. They possess the ability
to simplify complex medical terminology, thereby making telehealth services more accessible and comprehensible
for diverse patient populations.

e Streamlining Clinical Workflows: LLMs offer a significant reduction in the administrative burden on healthcare
professionals by automating tasks such as initial patient information collection, summarization of patient records,
drafting clinical notes, and managing routine inquiries. This automation allows clinicians to redirect their focus
toward more complex clinical cases.

e Enhancing Clinical Decision Support: By rapidly analyzing patient-specific data and synthesizing vast repositories
of medical literature, LLMs can act as powerful cognitive assistants for remote providers. This includes suggesting
differential diagnoses and evidence-based treatment recommendations.

e A pivotal finding of our thematic analysis is the “Niche” status of “Ethics” and “Privacy”, which signals a strategic
disconnect between rapid technological development and the essential, yet slower-moving, governance frame-
works. This gap highlights several critical risks and limitations that must be addressed:

e Reliability and Accuracy: A primary challenge is the risk of “hallucinations”, where LLMs generate factually
incorrect or nonsensical information. In a telehealth context, this could lead to dangerous misdiagnoses or inap-
propriate treatment recommendations. This risk is exacerbated by the non-reproducible and often opaque “Black
Box” nature of proprietary models.

e Bias and Fairness: LLMs trained on historical data risk perpetuating and amplifying existing systemic biases re-
lated to gender, race, ethnicity, or insurance status, which can lead to significant health disparities. This remains a
critical ethical concern requiring robust mitigation strategies.

e Privacy and Data Security: The integration of LLMs into telehealth platforms, which handle highly sensitive pa-
tient information, necessitates robust technical infrastructure and stringent data governance protocols to ensure
patient confidentiality and prevent data breaches.

o  The Need for Trustworthy AI (TAI): To counteract these risks, the literature emphasizes the development of TAI,
an approach that prioritizes transparency, reliability, ethical accountability, and fairness. Recommendations for
responsible deployment include knowledge-based grounding to ensure factual accuracy, maintaining a “Human in
the Loop” for verification, leveraging explainable Al (XAI) techniques, and implementing continuous monitoring
protocols.

The results of this scientometric investigation produce specific, practical consequences for the main parties involved:

e For Healthcare Providers and Administrators: The rapid emergence of these tools creates an urgent need to develop
digital literacy and training programs for clinicians on the effective and ethical use of LLM-powered systems.
Healthcare organizations must concurrently invest in robust IT infrastructure and establish clear governance frame-
works to support these technologies.

e For Technology Developers: The identified disconnect between “Motor” and “Niche” themes serve as a direct call
to action. Developers must move beyond optimizing for performance metrics and instead prioritize TAI princi-
ples—such as fairness, transparency, and privacy—from the initial design phase. A co-design process, actively
involving clinicians and patients, is crucial for developing tools that are both effective and trusted.

e For Policymakers and Regulators: The field's hypergrowth necessitates the creation of agile regulatory frame-
works. Policy must address complex issues such as interstate licensing for telehealth providers, ensure payment
parity for virtual services, and establish clear standards for the clinical validation, deployment, and oversight of Al
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in healthcare. Furthermore, continued investment in broadband infrastructure remains a critical factor for ensuring
equitable access to these advancements.

5. Summary, Limitations, and Qutlook

This study provides the first comprehensive scientometric map of the research landscape at the intersection of telehealth
and LLMs. Our analysis quantitatively documents a field in a state of hypergrowth, driven by recent advances in generative
Al. We have identified the key players, collaborations, and publication venues shaping its trajectory. The analysis reveals
a clear conceptual evolution and, most critically, a strategic disconnect between rapid technological development (Motor
Themes) and the slower integration of critical ethical and safety considerations (Niche Themes).

While this quantitative map offers a high-level structure of the field, its findings are bound by certain limitations. The
analysis is based exclusively on the Web of Science Core Collection and, as a quantitative method, does not capture the
qualitative nuances of the research it analyzes or the validity of findings within individual articles. Furthermore, this study
is a snapshot of a field evolving at an extraordinary pace.

These limitations, combined with the central finding of a “Thematic Gap®, illuminate a clear agenda for future research.
The most immediate necessity is for studies that bridge this gap by explicitly examining the ethical, privacy, and bias
implications of specific LLM applications in telehealth. This work must move beyond the current literature, which is dom-
inated by reviews and early proof-of-concept studies. There is a critical need for rigorous clinical trials and real-world
observational studies to validate the safety, efficacy, and cost-effectiveness of these new interventions.

To support such validation, future research must also focus on developing and testing practical Trustworthy AI (TAI) frame-
works specifically for telehealth. This includes creating robust methods for hallucination detection, bias mitigation, and
generating explainable outputs that are meaningful to both clinicians and patients. As these tools are developed, Human-
Computer Interaction (HCI) studies will be essential to understand how clinicians and patients interact with, trust, and
interpret information from LLM assistants, and to establish best practices that prevent over-reliance. Finally, longitudinal
research is required to understand the long-term effects of this integration on patient outcomes, system costs, and, most
importantly, health equity, to determine if these technologies will reduce or exacerbate existing disparities in care.
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