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Abstract
Objective

To identify the thematic structure and main research priorities in cardiovascular digital health equity and
to guide future research, intervention design, and policy development.

Methods

Relevant articles published between 1995 and 2025 were retrieved from Web of Science and PubMed.
Titles and abstracts were extracted and processed through text cleaning, stop-word removal, and
lemmatization. A keyword co-occurrence network was constructed, and Latent Dirichlet Allocation topic
modeling was used to identify themes. The optimal number of topics was determined by coherence
scores, perplexity, and manual semantic review, followed by higher-order thematic synthesis.

Results

Publications on cardiovascular digital health equity showed a sustained upward trend, with especially
rapid growth after 2020. The keyword co-occurrence network placed stroke, telehealth, telemedicine, and
disparity at the center, highlighting the close intersection of digital technology, disease management, and
equity concerns. Eleven latent topics were identified, including digital hypertension management,
differences in digital health use across populations, social determinants of health and risk prediction,
telemedicine accessibility during the pandemic, rural telestroke care, remote electrocardiographic
monitoring and digital diagnostics, and digital literacy and community engagement. Technology
integration and implementation strategies to promote equitable access represented the largest topic
share (25.37%). These topics were further synthesized into four higher-order clusters: structural
inequality and identification of vulnerable populations; digital access and conditions for equitable use;
equity-oriented implementation, governance, and system integration; and cardiovascular digital clinical
applications and intelligent support.

Conclusion

Cardiovascular digital health equity research has developed a multidimensional and cross-cutting
knowledge structure. Its focus has moved beyond technology application alone toward the identification
of social disparities, optimization of digital access, and equity-oriented governance, with important
implications for targeted interventions and equitable implementation in cardiovascular digital health.

1. Introduction
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Cardiovascular disease (CVD) remains a leading source of mortality and disease burden worldwide and
a major cause of premature deathl" 2. In recent years, with the rapid development of technologies such
as mobile health (mHealth), telemedicine, wearable devices, remote patient monitoring, and artificial
intelligence-driven data analytics, digital health has been widely applied to CVD prevention, risk factor
management, and long-term follow-up, showing substantial potential to expand service coverage,
improve the efficiency of continuous monitoring, and support personalized management[3'5]. However,
the expansion of digital technologies does not necessarily translate into equitable benefits across
populations. While digital health may improve the accessibility and efficiency of health care, it may also
generate new inequalities because of differences in device availability, internet access, digital literacy,
platform usability, and institutional design, thereby affecting its real-world effectiveness and public
health value in cardiovascular management©=19],

Digital health equity is reflected not only in whether services are available, but also in whether individuals
can access, use, and continuously benefit from them. Digital interventions that depend on smartphone
ownership or stable internet connectivity may create hidden barriers at the recruitment stage, making
older adults, individuals with low educational attainment, and low-income populations more likely to be
excluded!""l. People with disabilities also face additional barriers in accessing, understanding, and
operating electronic health services, which further limits their effective use of digital tools and
services!'d. At the same time, limited health literacy and eHealth literacy may weaken the ability to
obtain, understand, and apply digital health information and services, and may reduce the effectiveness
of digital interventions!’3="3]. Older adults, socioeconomically disadvantaged groups, and residents of
remote areas are particularly vulnerable to the digital divide; limited device access, weak internet
infrastructure, and insufficient digital skills often prevent them from fully benefiting from digital health
interventions!'®~ 18l This issue is especially important in the CVD field, where prevention and
management rely heavily on long-term monitoring, continuous follow-up, and patient self-management.
If equity is not adequately incorporated into the design, implementation, and governance of digital tools,
digital transformation may fail to reduce existing health disparities and may instead reproduce or even
worsen them[®=10]

Although cardiovascular digital health equity has gradually become an international research priority, the
evidence remains scattered across clinical medicine, public health, nursing, health policy, and medical
informatics. Existing reviews have mainly focused on specific intervention models or populations, such
as telemedicine for CVD and hypertension management, digital hypertension interventions for
populations experiencing health disparities, and digital strategies to promote women'’s cardiovascular
healthl5 1920 |n addition, prior studies have proposed action pathways to advance digital health equity
in cardiovascular care from the perspectives of digital access, digital literacy, and multilevel
interventions(2'l. Other work has examined the potential and limitations of digital technologies in
reducing cardiovascular health disparities from the perspectives of global health equity, the digital divide

in underrepresented communities, and artificial intelligence-enabled digital health practice in Chinal?2-
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24] Empirical studies in China further show that, although the coverage of cardiovascular telemedicine
services has continued to expand, their regional distribution does not fully match levels of economic
development or disease burden, suggesting that growth in digital health resources alone does not
necessarily improve equity[zs]. These studies provide an important basis for understanding specific
issues, but overall they remain dominated by narrative reviews, commentaries, or studies limited to
specific countries and settings, making it difficult to systematically reveal the underlying thematic
structure, core knowledge units, and evolutionary pathways of this field at an overall level. Although
previous bibliometric studies have helped describe publication trends and hotspot distributions, without
support from natural language processing and topic modeling they often cannot extract deeper
semantic structure or knowledge-evolution patterns from large-scale unstructured text[26-29]

Therefore, a systematic analysis of cardiovascular digital health equity research using methods suitable
for large-scale text data is needed. Latent Dirichlet Allocation (LDA) is a classic unsupervised topic-
modeling method that identifies latent thematic structure in a corpus based on term co-occurrence
probabilities and provides a reproducible framework for semantic synthesis across large literature sets.
Accordingly, this study systematically retrieved literature on cardiovascular digital health equity and
combined keyword co-occurrence analysis with LDA topic modeling to identify the core research themes,
major areas of focus, and overall knowledge structure of the field, thereby informing future research
agendas, policy development, and the design of equity-oriented digital health interventions.

2. Materials and Methods
2.1 Search Strategy

This study systematically searched the Web of Science Core Collection and PubMed for literature related
to cardiovascular digital health equity. The search covered publications from January 1, 1995, to
December 31, 2025, and was completed on April 9, 2026. The research team conducted three iterative
rounds of searching around three core concepts—cardiovascular disease (CVD), digital health, and
equity/disparities—and finalized the search strategy after discussion. The full search strategy is provided
in Supplementary Table S1. No language or study design restrictions were applied. All records were
imported into EndNote 20 for management and deduplication.

2.2 Search Process

After database searching and import into EndNote 20, duplicate records were identified and removed
based on title, author, publication year, journal, volume and issue, and digital object identifier (DOI). After
deduplication, the research team screened the records according to the predefined study topic.
Screening was primarily based on titles and abstracts to determine whether the articles addressed the
core concepts of CVD, digital health, and health equity/disparities/accessibility. Articles were excluded if
they were clearly unrelated to the study topic, including those in which the study population was not
related to CVD, the content did not involve digital health technologies or services, equity- or disparity-
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related issues were not addressed, or valid title or abstract information was unavailable for subsequent
text analysis. For records with limited information but possible relevance, the research team further
assessed eligibility based on the title, abstract, and bibliographic information available in the databases.

For the final set of included studies, titles, abstracts, authors, publication years, source journals, and
other bibliographic information were extracted to build the raw dataset for subsequent analyses.
Combined titles and abstracts were used as the text analysis unit for text preprocessing, keyword co-
occurrence analysis, and Latent Dirichlet Allocation (LDA) topic modeling. Publication year was used to
describe the temporal distribution of the research, and source journals were used to identify the major
channels of knowledge dissemination in this field. The study screening and inclusion process is shown
in Fig. 1.

2.3 Data Preprocessing

We extracted the titles and abstracts of all retrieved studies. Texts were preprocessed using standard
methods consistent with previous studies*32. To improve the interpretability and stability of topic
modeling, the title and abstract of each included article were combined into a single text unit, and text
preprocessing was performed in Python. Specifically, all text was converted to lowercase; punctuation,
numbers, special characters, and other noninformative content were removed; and common English stop
words were excluded. On this basis, a domain-specific stop-word list was further developed to remove
high-frequency terms common in study design and scientific writing but uninformative for topic
identification, such as objective, method, result, and conclusion. Lemmatization was then performed
using scispaCy. Multiword phrases with consistent semantic meaning, such as machine learning and
diabetic retinopathy, were retained as single terms for subsequent analysis. The preprocessed corpus
was then used for keyword co-occurrence analysis and LDA topic modeling.

2.4 Data Analysis

2.4.1 Keyword Co-occurrence Network Construction

To reveal the structural relationships among core concepts in cardiovascular digital health equity
research, a keyword co-occurrence network was constructed based on the preprocessed titles and
abstracts of the included studies. After text cleaning, stop-word removal, lemmatization, and phrase
identification, high-frequency terms in the corpus were extracted as network nodes. To reduce noise
from low-frequency terms, only terms meeting a prespecified frequency threshold were included in the
network analysis. Node size was weighted by the frequency of each term in the full corpus to represent
its level of attention in the overall research field. If two terms co-occurred in the title or abstract of the
same article, an edge was created between them, and the edge weight was defined as the number of
articles in which the two terms co-occurred. To highlight stable and interpretable core relationships, only
term pairs with a co-occurrence frequency of at least 30 were retained to construct the keyword co-
occurrence network. The network data were then imported into Gephi 0.10.1 for visualization and
structural examination.
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2.4.2 LDA Topic Modeling

Latent Dirichlet Allocation (LDA), a classic unsupervised topic-modeling method proposed by Blei et al. in
2003, has been widely used to identify latent themes in biomedical literaturel®3l. LDA assumes that each
document consists of multiple latent topics and that each topic is characterized by a set of terms with
different probability distributions. By estimating the document-topic distribution and topic-word
distribution, LDA can identify relatively stable semantic structures from large-scale text corpora.

In this study, the title and abstract of each article were combined into a single analysis unit. After text
cleaning, stop-word removal, and lemmatization, the LDA model was developed using the Gensim
package in Python. Because LDA represents text using a bag-of-words model and does not account for
word order or syntactic structure, topic identification mainly depends on term co-occurrence patterns
across documents.

To determine the optimal number of topics, topic coherence and perplexity were calculated for models
with 2 to 30 topics, followed by a combined evaluation with manual semantic review[34] (Table 1).
Higher topic coherence generally indicates better semantic consistency within a topic, whereas
perplexity was used as an auxiliary measure of model fit to the corpus. Based on these quantitative
metrics, manual assessment was further performed from three perspectives: semantic cohesion within
topics, distinctiveness between topics, and alignment with the study focus. After comprehensive
comparison, 11 topics were selected as the optimal model to represent the latent thematic structure of
cardiovascular digital health equity research (Fig. 2).

During topic interpretation, the highest-probability keywords for each topic were extracted, and topics
were named and summarized in conjunction with the content of representative articles to reveal the
main research priorities and knowledge structure of the field.
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Table 1

Topic coherence and perplexity of the LDA models
with different numbers of topics.

Number of Topics
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Coherence
0.322974
0.357295
0.36456
0.359026
0.385943
0.382845
0.372052
0.373573
0.382287
0.402633
0.385556
0.385887
0.399813
0.399112
0.400129
0.391394
0.380069
0.391906
0.398559
0.391325
0.382504
0.380233
0.384814
0.388391
0.386906
0.375362
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Perplexity
159.322228
155.6443
152.14319
152.381283
151.162891
151.103026
152.186705
151.526561
152.120303
152.484231
153.476255
154.020119
154.425825
154.826068
155.275811
155.97334
156.8843
156.927606
158.128534
159.311138
159.26532
159.818823
160.160288
160.786267
161.473503
162.27949




Number of Topics Coherence Perplexity

28 0.389811 161.455108
29 0.372388 163.256048
30 0.368563 163.84232

2.4.3 Higher-Order Thematic Synthesis

To further improve the abstraction and interpretability of the thematic structure derived from the first-
level LDA results, a higher-order thematic synthesis was conducted for the 11 identified latent topics.
Two cardiovascular experts independently classified the topics based on their high-frequency keywords,
the content of representative articles, and semantic consistency, and then grouped first-level topics with
similar meanings and aligned research orientations into higher-order thematic clusters. To assess
classification agreement, Cohen’s kappa was used to evaluate the initial judgments of the two experts.
The results showed high agreement between the two experts (Cohen’s kappa = 0.884). Topics with
discrepant classifications were resolved through further discussion to reach a final consensus, resulting
in four higher-order thematic clusters. This step constituted a post hoc interpretive synthesis of the
model output and was intended to strengthen the structural presentation and overall interpretability of
the first-level topic results.

2.4.4 Robustness and Interpretability Controls

To improve the reliability of the findings, multiple robustness and interpretability controls were applied
during topic modeling and interpretation. First, topic number selection was based not only on topic
coherence and perplexity, but also on manual comparison of several candidate models to avoid
excessive topic merging when too few topics were specified and topic fragmentation when too many
topics were specified. Second, topic naming was based on both high-frequency keywords and the
content of representative articles, rather than on isolated high-frequency terms alone. Third, independent
expert judgment and agreement assessment were incorporated into the higher-order synthesis to reduce
the influence of subjective interpretation by a single researcher. Together, these procedures
strengthened the stability, logical consistency, and interpretive credibility of the identified themes.

2.4.5 Visualization

To present the findings clearly, multiple visualization methods were used to display publication
characteristics and thematic structure. Publication trends and journal distributions were plotted using
GraphPad Prism 9. The keyword co-occurrence network was laid out and visualized in Gephi 0.10.1.
Word clouds of high-frequency terms for each topic were generated using the WordCloud package in
Python; for each topic, the top 20 terms with the highest probabilities were displayed, and font size
reflected the probability weight of each term within that topic. The relationships between first-level topics
and higher-order thematic clusters were illustrated using a Sankey diagram to show the hierarchical
structure of the themes.
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3. Results
3.1 Publication Trends

As shown in Fig. 3A-B, publications on cardiovascular digital health equity showed a marked upward
trend overall. From 1995 to 2010, the field was in an early stage, with annual output remaining at single
digits to just over 10 articles, indicating relatively limited attention. From 2011 to 2019, publication
output entered a period of steady growth, increasing from 11 to 52 articles per year. After 2020, the field
expanded rapidly: annual output reached 144 articles in 2022, 148 in 2023, 238 in 2024, and 398 in 2025.
Overall, this field has progressed from early exploration to rapid development, reflecting strong academic
activity and substantial research potential.

Figure 3C shows a clustered distribution of journals publishing research on cardiovascular digital health
equity. Telemedicine and e-Health ranked first with 52 articles, followed by Journal of Medical Internet
Research with 41 articles, JMIR mHealth and uHealth with 22 articles, JMIR Research Protocols with 20
articles, and Cureus with 20 articles. Overall, the most productive journals were concentrated in
telemedicine, digital health, and internet medicine, while also extending to cardiovascular specialty and
public health journals, such as Journal of the American Heart Association, Stroke, and BMC Public Health.
These findings indicate that this topic is strongly interdisciplinary and has developed a knowledge
dissemination pattern centered on digital health journals and jointly supported by cardiovascular
medicine and public health journals.

3.2 Keyword Co-occurrence Network Analysis

The keyword co-occurrence network, consisting of 100 nodes and 2,042 edges, revealed the core
conceptual structure of cardiovascular digital health equity research (Fig. 4). Stroke was located at the
center of the network and was closely linked to implementation, telehealth, disparity, telemedicine, and
prevention, indicating that this field primarily focuses on the application of digital technologies,
implementation, and equity issues in cardiovascular disease contexts, particularly stroke. Strong links
were observed for stroke—telestroke, implementation—prevention, stroke—telemedicine, and stroke-—
telehealth, suggesting that telemedicine, preventive management, and clinical care have become major
research lines. In addition, nodes such as disparity, inequity, access to care, and health equity were
closely linked to core disease- and technology-related terms, indicating that the field has shifted from a
sole emphasis on technological effectiveness to broader concerns about access to resources,
differences in service coverage, and unequal benefits across vulnerable populations. Other highly
connected nodes, including women, older adults, underserved populations, rural areas, and insurance,
further suggest that gender, age, geography, and social determinants have been incorporated into the
analytical framework. Overall, the field shows an integrated research pattern at the intersection of
technology application, disease management, and health equity.

3.3 LDA Topic Analysis
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LDA topic modeling identified 11 latent topics in cardiovascular digital health equity research (Table 2
and Fig. 5), indicating that the field has developed a multidimensional thematic structure centered on
digital interventions, disease management, health equity, and implementation governance. Among these,
Topic 9, technology integration and implementation strategies to promote equitable access, accounted
for the largest proportion (25.37%), suggesting that research related to equitable access, barriers to
technology use, and implementation responses occupies a substantial share of the existing literature.
The remaining topics mainly covered digital hypertension management, differences in digital health use
across populations, social determinants and risk prediction, telemedicine services during the pandemic,
rural telestroke care, remote cardiac monitoring, and digital literacy and community engagement. Overall,
cardiovascular digital health equity research shows an intersecting thematic pattern across technology
application, disease prevention and management, and equity-related concerns.
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Table 2

Highest-frequency terms for the 11 topics in cardiovascular digital health equity research.

No.

1

Topic Title

Digital self-management
and home monitoring
interventions for
hypertension

Digital health use and
health disparities across
racial and age groups

Barriers and facilitators to
the implementation of
digital health equity

Social determinants and
geographic disparities in
cardiovascular risk

Telemedicine accessibility
and continuity of care
during the pandemic

Cardiovascular risk
prediction models
integrating social
determinants

Keywords (Probability)

intervention (0.0210), participant (0.0170), control
0.0140), self (0.0130), trial (0.0098), improve
0.0093), program (0.0080), management
0.0079), measure (0.0075), community (0.0068),
monitoring (0.0063), hypertension (0.0063), home
(0.0058), reduce (0.0058), change (0.0059),
randomize 50.00575, engagement (0.0038),
adherence (0.0033), systolic (0.0033), SMBP
(0.0026)

compare (0.0120), rate (0.0089), associate
20.0089;, age (0.0085), Black (0.0072), difference
0.0065), Hispanic (0.0057), White (0.0053),
factor (0.0051), race 80.0047), female (0.0046),
demographic (0.0043), disparity (0.0040), sex
20.0039;, woman (0.0039), cohort 50.0036;, male
0.0034), racial (0.0030), ethnicity (0.0030
hospitalization (0.0029)

]

intervention (0.0140), review (0.0140), identify
(0.0130), interview (0.0084), barrier (0.0070),
focus (0.0057), analysis (0.0054), theme (0.0051),
evidence (0.0050), systematic (0.0043), develop
E0.0042§, support (0.0038), implementation
0.0035), framework (0.0034), mixed (0.0033),
facilitator (0.0032), qualitative (0.0032),
effectiveness (0.0030), experience (0.0028),
evaluation (0.0028)

risk (0.0240), factor (0.0230), CVD (0.0140),
woman (0.0100), cardiovascular (0.0092), income
(0.0071), mortality (0.0062), rural (0.0061),
prevention (0.0049), social (0.0048), urban
0.0045), county (0.0045), environmental

0.0042), socioeconomic (0.0041), prevalence
0.0041), community (0.0040), lifestyle (0.0039),
exposure (0.0034), obesity (0.0034), determinant
(0.0026)

telehealth (0.0210), visit (0.0180), pandemic
(0.0140), service (0.0120), COVID-19 (0.0100),
telemedicine (0.0092), provider (0.0092), access
(0.0088), clinic (0.0085), medical (0.0054),
primary (0.0053), consultation (0.0049), home
0.0045), virtual (0.0044), rural (0.0044), follow
0.0042), medication (0.0041), cardiology
0.0039), appointment (0.0035), video (0.0034)

model (0.0360), risk (0.0200), predict (0.0150),
identify (0.0140), learning (0.0130), machine
0.0120), SDOH (0.0100), factor (0.0093), clinical
0.0088), prediction (0.0084), feature (0.0078),
variable (0.0077), machine learning (0.0075),
develop (0.0071), predictor (0.0070), algorithm
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Proportion

152
(10.93%)

126
(9.04%)

91 (6.55%)

70 (5.06%)

122
(8.77%)

137
(9.85%)




No.

10

11

Topic Title

Remote complication
screening and referral for
high-risk patients with
cardiovascular
comorbidities

Telestroke networks in
rural and underserved
areas

Technology integration
and implementation
strategies to promote
equitable access

Remote
electrocardiography and
digital cardiac monitoring
technologies

mHealth adoption, digital
literacy, and community
engagement

Keywords (Probability)

(0.0064), social (0.0047), demographic (0.0046),
AUC (0.0041), EHR (0.0028)

diabetes (0.0200), screening (0.0180), screen

0.0160), diabetic (0.0097), telemedicine

0.0095), eye (0.0091), diabetic retinopathy

0.0071), retinopathy (0.0069), referral (0.0066),
underserved (0.0055), rural (0.0053), image
(0.0053), examination (0.0048), retinal (0.0041),
ophthalmology (0.0041), complication (0.0036
teleophthalmology (0.0033), detection (0.0032
fundus (0.0027), glaucoma (0.0046)

]

)

stroke (0.0500), hospital (0.0280), telestroke
20.01 50;, rural (0.0150), acute (0.0150), care
0.0140), telemedicine (0.0099), access (0.0090),
network (0.0082), treatment (0.0071), emergency
20.0066 , underserved (0.0062), rehabilitation
0.0052), center (0.0051), neurologist (0.0043),
facility (0.0041), neurology (0.0039), physician
(0.0039), transfer (0.0037), tPA (0.0036

technology (0.0110), healthcare (0.0096), address
(0.0093), challenge (0.0092), disparity (0.0070),
strategy (0.0070), enhance (0.0064), intervention
(0.0055), access (0.0053), reduce (0.0051),
cardiovascular (0.0047), digital (0.0041), tool
E0.0041§, barrier (0.0041), equity (0.0033), policy
0.0032), solution (0.0032), integrate (0.0031),
opportunity (0.0029), innovation (0.0025)

ECG (0.0100), device (0.0091), heart (0.0078),
system (0.0077), diagnostic (0.0074), diagnosis
(0.0070), remote (0.00702, image (0.0060),
cardiac (0.0056), detect (0.0054), medical
é0.00SO;, algorithm (0.0049), underserved
0.0044), imaging (0.0044), assessment (0.0043),
echocardiography (0.0034), CHD (0.0033),
wearable (0.0032), accuracy (0.0032), monitoring
(0.0031)

participant (0.0200), adult (0.0160), old (0.0130),
self (0.0120), technology (0.0095), mHealth
(0.0081), factor (0.0080;,, individual (0.0076),
community (0.0072), education (0.0065), survey
%0.0063;, user (0.0062), app (0.0060), age
0.0060), support (0.0053), mobile (0.0050),
literacy (0.0047), information (0.0044),
smartphone (0.0040), digital (0.0031)

Proportion

68 (4.93%)

99 (7.15%)

352

(25.37%)

72 (5.20%)

98 (7.09%)

Abbreviations for Table 2 and Figure 5: AUC, area under the curve; CHD, congenital heart disease;
COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; ECG, electrocardiography; EHR,
electronic health record; mHealth, mobile health; SMBP, self-measured blood pressure; SDOH, social
determinants of health; tPA, tissue plasminogen activator.
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To further reveal the higher-order structural relationships among the LDA-identified topics, we invited two
cardiovascular experts (a doctoral researcher in cardiovascular medicine and a professor of
cardiovascular medicine) to independently classify the 11 first-level latent topics based on their high-
frequency keywords, representative articles, and semantic consistency (Table 3). Agreement analysis
showed high consistency in the experts’ initial classifications (Cohen’s kappa = 0.884). Topics with
discrepant classifications were resolved through discussion to reach a final consensus. Ultimately, the
11 first-level topics were synthesized into four higher-order thematic clusters: structural inequality and
identification of vulnerable populations; digital access and conditions for equitable use; equity-oriented
implementation, governance, and system integration; and cardiovascular digital clinical applications and
intelligent support. The first two clusters mainly focused on racial, age, income, urban-rural, and
geographic disparities, as well as conditions for digital access such as telemedicine accessibility, digital
literacy, and community engagement. The latter two clusters extended to equity-oriented implementation
mechanisms, technology integration strategies, and the application of digital technologies in chronic
disease management, risk prediction, remote screening, acute care, and digital diagnostics. The Sankey
diagram (Figure 6) showed clear aggregation patterns between the 11 first-level topics and the four
higher-order thematic clusters, supporting the stability and interpretability of the higher-order synthesis.
Overall, cardiovascular digital health equity research has developed a hierarchical thematic structure that
progresses from identifying structural inequalities to optimizing digital access and implementation, and
further to expanding clinical applications and intelligent support.

Table 3. Higher-order thematic synthesis results of cardiovascular digital health equity research.
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Higher-Order
Thematic Cluster

Structural
inequality and
identification of
vulnerable
populations

Digital access
and conditions
for equitable use

Equity-oriented
implementation,
governance, and
system
integration

Cardiovascular
digital clinical
applications and
intelligent support

Description

Focuses on the
upstream social
foundations of digital
health inequity and
identifies disparities
and vulnerabilities in
cardiovascular digital
health across
populations and
regions.

Focuses on the real-
world conditions that
enable individuals and
groups to enter the
digital health service
system, sustain use,
and develop the
capacity for continued
engagement.

Focuses on the
process through which
digital health equity
moves from concept to
implementation,
including barrier
identification, enabling
mechanisms, resource
integration, and
strategy optimization.

Focuses on the
specific applications
and intelligent
expansion of digital
technologies in
cardiovascular disease
prevention,
management,
screening, diagnosis,
referral, and
emergency care.

Corresponding
Topic Numbers

Topic 2, Topic 4

Topic 5, Topic
11

Topic 3, Topic 9

Topic 1, Topic
6, Topic 7,
Topic 8, Topic
10

Corresponding Specific Topics

Digital health use and health
disparities across racial and age
groups; Social determinants and
geographic disparities in
cardiovascular risk

Telemedicine accessibility and
continuity of care during the
pandemic; mHealth adoption,
digital literacy, and community
engagement

Barriers and facilitators to the
implementation of digital health
equity; Technology integration
and implementation strategies to
promote equitable access

Digital self-management and
home monitoring interventions
for hypertension; Cardiovascular
risk prediction models integrating
social determinants; Remote
complication screening and
referral for high-risk patients with
cardiovascular comorbidities;
Telestroke networks in rural and
underserved areas; Remote
electrocardiography and digital
cardiac monitoring technologies

4. Discussion

4.1 Expansion of Digital Health Applications: Chronic Disease Management and Remote Care as Major
Research Directions
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Based on the LDA results and higher-order thematic synthesis, this study found that topics related to
digital chronic disease management, remote screening and diagnosis, and acute care accounted for a
substantial share of cardiovascular digital health equity research. Specifically, Topic 1 focused on digital
self-management and home monitoring for hypertension, Topic 5 reflected telemedicine accessibility
and continuity of care during the pandemic, Topic 8 centered on telestroke networks in rural and
underserved areas, and Topic 10 involved remote electrocardiography and digital cardiac diagnostic
technologies. These findings suggest that digital technologies have been widely embedded in
applications related to CVD prevention, monitoring, management, and continuous care. At the same time,
the publication trend showed a marked increase after 2020, indicating sustained growth in research at
the intersection of digital health and cardiovascular equity.

This finding is broadly consistent with the existing literature. Previous studies have shown that
telemedicine and digital interventions have demonstrated potential in stroke care networks, hypertension
management, and maintaining continuity of cardiovascular care during the pandemic!'®353%. Qur topic
identification results further suggest that these application settings are not only important components
of cardiovascular digital health research, but also frequently discussed in the context of equity. In other
words, the current literature does not focus solely on the usability of digital technologies themselves, but
also on their implementation conditions and service coverage across different disease settings.

It should be noted that our findings primarily reflect the thematic distribution of the literature and cannot
directly demonstrate that the field has fully transitioned from one research stage to another. However, in
the keyword co-occurrence network, disease- and technology-related terms such as stroke, telehealth,
and telemedicine were strongly linked to equity-related terms such as disparity, inequity, and access to
care, indicating a close association between technology application and equitable access in the current
literature. Together with previous studies, this suggests that although digital cardiovascular care may
expand service coverage, barriers to device availability, digital access, and sustained use remain across

populations[38'40]. A more cautious interpretation of our findings is that, within cardiovascular digital
health research, technology application and equitable access have developed as parallel and intertwined
lines of inquiry. Future studies should therefore pay closer attention to differences across populations in
access, use, and sustained benefit.

4.2 Intersecting Drivers of the Digital Divide: Social Determinants, Digital Literacy, and Implementation
Barriers

Our findings show that equity-related issues occupy a prominent position in the overall thematic
structure. In the keyword co-occurrence network, disparity and inequity were closely linked to core terms
such as stroke and telehealth. In the LDA results, Topic 9, technology integration and implementation
strategies to promote equitable access, accounted for the largest proportion, while Topics 2, 4, and 11
highlighted major equity-related concerns from the perspectives of utilization differences across racial
and age groups, social determinants and geographic disparities, and mHealth adoption and digital
literacy, respectively. These findings suggest that digital health equity is not an isolated issue in the
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current literature, but is closely intertwined with technology application, disease management, and
service implementation.

This finding is consistent with previous framework and review studies. Prior research has shown that the
digital divide is reflected not only in differences in device ownership, but also in structural differences
across digital access, digital skills, contexts of use, and institutional support!”9l. The thematic
distribution identified in this study shows similar patterns: Topic 2 highlights racial, age, and gender
differences; Topic 4 emphasizes income, rural residence, and socioeconomic factors; and Topic 11
focuses on older adults, mHealth adoption, and digital literacy. Taken together, the current literature
tends to examine digital inequity not through a single factor, but within an integrated framework that
includes sociodemographic characteristics, resource conditions, and digital capabilities.

Previous studies further support the interpretation of these themes. For example, substantial
heterogeneity exists in the measurement of digital literacy among older adults, and the oldest
populations are more likely to face difficulties in understanding, operating, and sustaining the use of
digital tools*1l, Digital health literacy is also closely related to chronic disease self-management
capacity["'z]. Intervention designs that assume smartphone ownership may exclude some of the
populations most in need at the very beginning of program implementation!'l. Gender, caregiving roles,
and socioeconomic position may also jointly shape opportunities to access and use digital health
tools!2%, Taken together with our findings, a more appropriate interpretation is that inequity in
cardiovascular digital health is typically presented in the current literature as a multifactorial structure
rather than the result of any single barrier. Accordingly, future research and practice should further
examine the role of age-friendly design, cultural adaptation, device and connectivity support, and digital
literacy improvement in reducing digital exclusion!®2"].

4.3 Data-Driven Approaches and Equity-Oriented Governance: An Important Direction in Cardiovascular
Digital Health Research

The thematic structure identified in this study also suggests that data-driven decision-making and
equity-oriented governance have emerged as relatively distinct lines of inquiry in this field. Topic 6,
cardiovascular risk prediction models integrating social determinants, directly reflects the combination
of social determinants and machine learning-based prediction, whereas Topic 9 captures governance-
related issues through technology integration, implementation challenges, and strategic responses. This
indicates that the current literature addresses not only the application of digital tools themselves, but
also model development, implementation barriers, and institutional responses.

This result is broadly consistent with related review studies. Previous research has shown that
incorporating social determinants into machine learning-based prediction models for some CVD
outcomes may improve model performance and strengthen the ability to explain risk differences in real-
world populations[43]. Machine learning models based on electronic health records have also shown
potential for cardiovascular risk identification, although their generalizability, quality of external
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validation, and interpretability still require improvement!445.. In our study, the concurrent prominence of
Topics 6 and 9 suggests that the literature is concerned not only with model performance, but also with
the equity issues that may arise during technology implementation.

At the same time, our findings suggest that data-driven research is not equivalent to equity-oriented
research. In Topic 9, terms such as disparity, barrier, strategy, and access carried substantial weight,
indicating that the current literature places considerable emphasis on equitable access, implementation
barriers, and response strategies. Together with previous studies, this can be interpreted as follows: if
model development and deployment overlook sample representativeness, contextual variation, and
institutional constraints, digital technologies may still reproduce or even amplify existing
inequities”#6471_ In addition, prior work has shown that structural factors such as racial and ethnic
segregation, poverty, and income inequality are closely associated with differences in CVD burden and
related health care costs!8l. Therefore, a more cautious conclusion from the thematic structure
identified here is that the current literature has begun to position data-driven approaches and equity-
oriented governance side by side as important topics. Future research should further strengthen
attention to sample diversity, contextual adaptability, algorithmic transparency, and fairness
evaluation!”-21:46],

5. Limitations and Future Directions

5.1 Limitations

This study has several limitations. First, the literature sources were limited to the Web of Science Core
Collection and PubMed. Although both databases are highly representative, relevant studies indexed in
Scopus, Embase, and other specialized databases may have been missed, which could affect the
completeness of corpus coverage. Second, the text analysis was based mainly on article titles and
abstracts rather than full texts. Although titles and abstracts can reasonably reflect study themes, they
provide limited information on research context, methodological details, and the substantive dimensions
of equity, which may have led to the simplification or underrepresentation of some latent topics. Third, as
an unsupervised topic-modeling method based on a bag-of-words framework, LDA relies primarily on
term co-occurrence to identify latent semantic structure and cannot fully capture contextual meaning,
syntactic dependencies, or deeper relationships among complex concepts. In addition, although topic
number selection was based on topic coherence, perplexity, and manual semantic review, a certain
degree of methodological dependence and interpretive subjectivity remains inevitable. Furthermore, the
higher-order synthesis of identified topics, although supported by independent expert judgment and
agreement assessment, is still essentially a post hoc interpretive integration. The results should
therefore be understood as a synthesized representation of the current knowledge structure rather than
fixed objective boundaries. Finally, this study mainly describes the overall thematic structure and its
relative distribution, but does not examine in depth the dynamic evolution of research priorities across
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different time periods. Any inference regarding shifts in research focus or thematic evolution should
therefore be made with caution.

5.2 Future Directions

Future research can be extended in several directions. First, more international databases and gray
literature sources could be incorporated to improve sample coverage and strengthen the robustness of
the findings. Second, future analyses could integrate full-text data, author keywords, and citation network
information to construct knowledge maps and thematic frameworks based on multisource
heterogeneous data. Third, at the methodological level, LDA could be combined with BERTopic, dynamic
topic modeling (DTM), or semantic clustering methods based on large language models to improve
semantic granularity, temporal sensitivity, and interpretability. Fourth, in terms of result interpretation,
more stratified analyses could be conducted across specific populations, disease settings, and national
or health system contexts to more precisely identify vulnerable groups, implementation barriers, and
policy entry points in cardiovascular digital health equity research. With further advances in data
sources, analytical methods, and interpretive frameworks, future studies may more systematically reveal
the knowledge evolution of cardiovascular digital health equity research and its priorities for practical
implementation.

6. Conclusion

Based on keyword co-occurrence analysis and LDA topic modeling, this study identified 11 latent topics
in cardiovascular digital health equity research and further synthesized them into four higher-order
thematic clusters. The findings indicate that this field mainly centers on digital chronic disease
management and remote care, health equity and social determinants, digital health implementation and
data-driven decision-making, and remote screening, diagnosis, and acute care applications. Overall,
cardiovascular digital health equity research has developed a multidimensional and cross-cutting
thematic structure. Its core concerns include not only the application of digital technologies in disease
prevention and management, but also equity in access, use, and sustained benefit across populations.
These findings may inform future research agendas, intervention design, and policy development.
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Term frequency word clouds for the 11 topics in cardiovascular digital health equity research.
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T4: Social Determinants and Geagraphic Disparities in Cardivaseular Risk G2+ Dghat Asess Cpechy e Condlans for Equitable Use
T5: Accessibility of Telehealth and Contimuity of Care s the Pandensic Context
T6: Crdiovascular Risk Prediction Models Incorporating Social Determinants of Health 03: Equiity_Sualet EpanaC L s ivmance and Syitens Inbugrthon

T7: Remote Sercening and Refereal for Complications in Cardisvaseular High-risk Patienis with Comorbidities

T8 Tebestroke Netwarks in Bural and Underserved Areas.

T9: Technology inn and than Strategies to Pro Exquitable A 4z Digital Car Clinical inms amd Decision Support

T18: Remote Electrocardiography and Digital Cardiae Disgnostic Technologies

T10: milealth Adoption, Digital Literney, amd Conmunity Esgagement

Figure 6

Sankey diagram of the higher-order synthesis structure of latent topics in cardiovascular digital health
equity research.
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Note: The left side shows the 11 first-level topics identified by LDA (T1-T11), and the right side shows
the four higher-order thematic clusters derived from further synthesis (C1-C4). The links indicate the
assignment of first-level topics to higher-order thematic clusters, and link width reflects the number of

first-level topics contained in each higher-order cluster.
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