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Abstract

Non-communicable diseases (NCDs), including cardiovascular disease, diabetes,
cancer, and chronic respiratory conditions, are the leading causes of death world-
wide. These diseases are driven by socioeconomic disparities, unhealthy lifestyles,
and environmental factors. Al can improve NCD vulnerability mapping through
the use of big data and risk prediction, but faces data and access barriers in devel-
oping countries. This study explores how Al can be leveraged to more effectively
map regional NCD vulnerability. This study seeks to analyze global research trends
in the application of Artificial Intelligence (AI) to map regional vulnerability to
non-communicable diseases (NCDs). This study uses a bibliometric analysis of
Scopus-indexed, peer-reviewed articles (2006-2025) on AI and NCD vulnerabil-
ity, processed with Excel and VOSviewer. A total of 3,626 articles were analyzed,
showing a sharp rise in AI-NCD research since 2007, peaking in 2024 with 723
publications and 35,148 citations. Frequent keywords included “machine learning”,
“COVID-19”, “mental health”, “diabetes”, and “artificial intelligence”. The field is
marked by strong international collaboration, led by the US, China, and the UK,
with over 96% of studies involving multi-country co-authorship. AI shows strong
potential for mapping regional NCD vulnerability, improving early detection, and
enhancing predictive risk assessment to strengthen national health policies.

INTRODUCTION

Non-communicable

(Kemenkes, 2019). The consequences of NCDs
diseases

(NCDs),
such as cardiovascular disease, diabetes, cancer,
and chronic respiratory conditions, have become
the leading cause of death worldwide. Accor-
ding to data from the World Health Organiza-
tion (WHO), NCDs are responsible for nearly
74% of all global deaths, which highlights their
profound impact on public health (WHO, 2023).
In Indonesia, the growing prevalence of NCDs,
driven by lifestyle changes, rapid urbanization,
and environmental factors, has intensified the
public health crisis and demands urgent attention

extend beyond mortality rates, and this places sig-
nificant economic burdens on healthcare systems
and severely impairing the population quality of
life (Peng et al., 2024).

A major challenge in controlling NCDs
lies in addressing regional vulnerability. Regional
vulnerability to NCDs is shaped by a complex
interplay of socioeconomic status, lifestyle be-
haviors, environmental exposures, and access to
quality healthcare services (St-Pierre et al., 2023).
However, traditional approaches to identifying
high-risk areas remain inadequate. These met-
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hods often rely on incomplete or non-integrated
data and employ macro-level analyses that fail to
consider localized determinants of vulnerability.
This creates a substantial gap in effective NCD
management, as highly vulnerable areas may be
overlooked by health authorities and remain un-
derserved (Pati et al., 2020; Torabi et al., 2025).
Conventional healthcare systems frequent-
ly struggle to prioritize regions most in need of
intervention. Without a clear understanding
of the geographic distribution of vulnerabili-
ty, health policies and programs are unlikely to
achieve optimal impact. Hence, advanced data-
driven approaches are urgently needed to provide
deeper and more targeted insights into regional
NCD vulnerability (Samuel Adelusi et al., 2024).
In recent years, artificial intelligence (AI)
has emerged as a powerful tool for addressing
these challenges. Al’s ability to process and ana-
lyze vast amounts of data, including health, so-
cial, economic, and environmental information,
allows it to uncover hidden patterns and deliver
more accurate predictions than traditional met-
hods. Numerous studies have documented AI’s
contributions to healthcare, ranging from early
disease detection to efficient risk stratification.
For instance, Al has been used to analyze mam-
mographic images for breast cancer detection
through convolutional neural networks (CNNs),
achieving accuracy rates above 90% (Al-Karawi
et al., 2024; Nurbaiti et al., 2024; Wang, 2024).
In the context of cardiovascular disease, machi-
ne learning techniques have been employed to
predict heart attack risk based on patient medical
history and known risk factors, enabling earlier
interventions (B. Marqas et al., 2023; Ogunpola
et al., 2024). Al has also demonstrated success in
diagnosing Alzheimer’s disease using deep lear-
ning algorithms to interpret brain MRI images,
aiding in distinguishing early-stage Alzheimer’s
from other conditions, such as mild cognitive
impairment (Mohsen, 2025; Saleem et al., 2022;
Yao et al., 2023). Furthermore, Al has been app-
lied to diabetes care, where predictive modeling
techniques have been used to identify patients at
risk of developing complications such as diabetic
retinopathy long before clinical symptoms appear
(Huang et al., 2023; Kalavar et al., 2020).
Despite technological advancements, app-
lying Al to the early detection and risk assessment
of regional noncommunicable disease (NCD)
vulnerability continues to face several obstacles.
Data quality inconsistencies, limited access to ad-
vanced technologies in developing countries, and
socio-economic disparities that influence disease
vulnerability are major barriers to Al implemen-
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tation (Bernardi et al., 2023). In addition, con-
cerns about data privacy and algorithmic bias
present serious risks; inaccurate or non-represen-
tative algorithms may lead to flawed predictions
and ultimately compromise data-driven decision-
making (Hanna et al., 2025).

Currently, there is a critical gap in the li-
terature regarding the limited number of studies
that examine regional vulnerability to noncom-
municable diseases (NCDs) using artificial intel-
ligence (AI) technologies. Additionally, only few
studies explore how cross-sectoral collaboration
could improve the deployment of Al at the re-
gional level. While much of the current research
focuses on individual-level disease detection, the-
re is a pressing need to investigate how Al can be
leveraged to map vulnerability at the community
or regional scale.

This study aims to address this gap by offe-
ring a thorough analysis of how AI can be used to
map regional vulnerability to noncommunicable
diseases (NCDs), while also examining the chal-
lenges and opportunities of Al implementation
in Indonesia. Through bibliometric analysis and
a review of related literature, the study aims to
identify global trends in Al-driven NCD mana-
gement, assess its practical applications in vulne-
rable regions, and propose strategies to optimize
the integration of Al into regional health policy-
making.

METHODS

This research conducted an extensive bib-
liometric analysis to capture a comprehensive
understanding of scholarly trends concerning
regional vulnerability to non-communicable di-
seases (NCDs), with particular emphasis on the
integration of Artificial Intelligence (AI). As a
quantitative technique, bibliometric analysis faci-
litates the evaluation and visualization of scien-
tific output within a defined research domain.
In this context, it was chosen to ensure efficient
yet rigorous analysis, maintaining both the depth
and reliability of the study’s outcomes. This met-
hodological approach allowed for the systematic
identification of publication dynamics, patterns
of international collaboration, predominant the-
matic directions, and emerging areas of inquiry
associated with AT applications in NCD preven-
tion and control. Additionally, it supported the
mapping of knowledge structures, which high-
lights influential publications, key authors, and
notable gaps within the existing literature. To
streamline the interpretive process, a narrative
synthesis was adopted in place of a purely quan-
titative synthesis, which was expected to enable a
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focused yet analytically rich presentation of the
evidence base.

In contrast to systematic reviews that ty-
pically draw from multiple bibliographic databa-
ses, this study intentionally confined its literatu-
re search to a single, comprehensive source. All
relevant publications were retrieved exclusively
from the Scopus database (www.scopus.com), a
globally recognized repository of peer-reviewed
scientific literature spanning diverse academic
disciplines. Scopus was selected due to its exten-
sive interdisciplinary scope and its robust, well-
curated metadata, which offers detailed informa-
tion on citation metrics, authorship, institutional
affiliations, and country-level contributions. Re-
lying on Scopus provided consistent access to
high-quality, current literature directly aligned
with the study’s thematic focus.

To ensure comprehensive and relevant data
collection, the following search terms were used:
(‘“vulnerable” OR “vulnerability” OR “health vulne-
rability” OR “population vulnerability” OR “commu-
nity vulnerability” OR “regional vulnerability”’) AND
(“non communicable disease” OR “NCD” OR “chro-
nic disease”) AND (“machine learning” OR “artificial
intelligence” OR “ML” OR “AI” OR “deep learning”
OR “neural networks” OR “cognitive computing” OR
“natural language processing” OR “expert systems”
OR “computer vision” OR “autonomous systems” OR
“robotic intelligence” OR “computational intelligence”
OR ‘Al algorithms” OR “intelligent systems” OR “Al
technologies” OR “automated intelligence” OR “smart
systems” OR “self-learning systems” OR ‘Al applica-
tions” OR “cognitive machines” OR “machine intelli-
gence” OR “data-driven intelligence” OR “algorithmic
intelligence” OR “automated decision-making” OR
“intelligent automation” OR ‘Al models” OR ‘Al
frameworks” OR “cognitive algorithms” OR “learning
algorithms” OR ‘“Al-driven systems” OR “intelligent
agents” OR “Al-driven analytics”) AND (PUBYEAR
> 2006 AND PUBYEAR < 2026)

These keywords were carefully designed to
ensure a broad and inclusive search, encompas-
sing diverse terms relevant to regional vulnerabi-
lity, non-communicable diseases, and Al-based
risk assessment. This search strategy ensures that
all pertinent studies within the scope of this rese-
arch topic are captured.

To ensure a systematic and methodologi-
cally sound selection process, clearly defined in-
clusion and exclusion criteria were applied. The
inclusion parameters were developed to capture
scientifically valid and high-impact research di-
rectly relevant to the study’s thematic focus. Spe-
cifically, the analysis encompassed articles publis-
hed between 2006 and 2025, a period that reflects
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recent advancements in the application of artifi-
cial intelligence (AI) for detecting and assessing
the risk of non-communicable diseases (NCDs).
Only English-language publications were consi-
dered, in order to maintain international acces-
sibility and alignment with the expectations of
high-impact academic journals. The scope was
further narrowed to include only primary rese-
arch articles published in peer-reviewed journals,
as these works offer original empirical findings
that are essential to the objectives of bibliometric
evaluation.

Publications that did not meet these crite-
ria were systematically excluded. The exclusion
process ruled out non-primary sources such as re-
view articles, monographs, book chapters, confe-
rence abstracts and proceedings, editorials, brief
reports, letters to the editor, retracted papers, data
articles, and conference reviews, as these types
of literature do not typically contribute original
data. Additionally, studies that lacked relevance
to regional NCD vulnerability or did not involve
the application of Al within a health-related con-
text were omitted. The implementation of these
criteria ensured the inclusion of only robust, the-
matically relevant, and data-driven research, the-
reby enhancing the overall validity and scholarly
utility of the study’s findings.

This study used Microsoft Excel and VOS-
viewer to perform a bibliometric analysis and vi-
sualize the research. Excel was used to organize
key indicators, such as publication trends, citati-
on metrics, and author contributions. VOSviewer,
on the other hand, enabled a deeper analysis of
keywords, collaboration networks, and institutio-
nal linkages using Scopus data.

Through co-occurrence analysis, VOSvie-
wer identified major research hotspots and the-
matic clusters, particularly in the early detection
and risk stratification of noncommunicable dise-
ases (NCDs). VOSviewer also visualized collabo-
ration patterns and global research structures. Its
clustering and mapping features highlighted key
themes, emerging trends, and under-explored are-
as in Al-driven NCD research.

RESULTS AND DISCUSSION

A systematic literature search of studies
published between 2006 and 2025 identified 6,892
relevant articles using predefined search terms.
The considerable number of publications high-
lights a surge in research focus on the integration
of artificial intelligence (AI) into non-communi-
cable disease (NCD) management, specifically in
Al-driven risk prediction and diagnostic techno-
logies. The retrieved literature comprised diverse
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publication formats, spanning interdisciplinary
contributions from healthcare and Al fields.

To ensure dataset accuracy, we imple-
mented a rigorous exclusion process to remove
studies that failed to meet the inclusion criteria
because of mismatched publication types, lan-
guage barriers, or irrelevance to the study’s core
focus. After screening, 3,626 articles remained
eligible for bibliometric analysis.

Identified from Scopus database
6.892 article published 2006 - 2025

Identificatio

3.046 articles were exclude
including review, book, bock
chapter, conference paper, note,
editorial, short survey, letter,
retracted, data paper, conference
review, erratum

Screenin

‘ 3.846 Articles identified ‘

100 non english article and non
journal articles

Eligibility

‘ 3.746 Articles identified |

‘ 120 irrelevant articles |

Included

‘ 3626 Articles identified |

Figure 1. Flow Chart Literature Search and
Screening

The bibliometric analysis reveals substan-
tial scholarly impact, with publications in this
field collectively amassing 176,246 citations,
averaging 48.61 citations per article. This robust
citation performance demonstrates that Al app-
lications in non-communicable disease (NCD)
research have achieved both significant scientific
relevance and considerable influence on advan-
cing knowledge in public health and technology
sectors.

The bibliometric analysis shows a signi-
ficant academic impact across key quantitative
indicators. The H-index (97) and G-index (98)
reflect high productivity and significant citation
influence in artificial intelligence (AI) research
on non-communicable diseases (NCDs). On ave-
rage, 3,584 publications receive 49.18 citations,
confirming their role as core references. Colla-
boration is prevalent, with 96.7% of works pro-
duced by teams and only 3.3% by individuals,
highlighting strong interdisciplinarity. This is sup-
ported by 27,219 unique authors, averaging 9.67
per paper. International collaboration accounts
for 96.75% of publications, emphasizing the im-
portance of global cooperation in advancing Al-
based health solutions. The collaboration index
(7.62) and coefficient (0.97) further confirm the
field’s capacity for sustained, productive research
collaboration.
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Table 1. Main Bibliometric Indicator

Indicator Value
Productivity
Total Publications 3626
Active Years 19
Productivity per Year 190,84
Annual Growth Rate (%) 4245,45
Impact
Total Citations 176246
Average Citations per Publication 48,61
Number of Cited Publications 3584
Citations per Cited Publication 49,18
H-index 97
G-index 98
Authorship
Coauthored Publications 3508
Sole-authored Publications 118
Number of Contributing Authors 27219
Authors of Sole-authored Publica-
tions 115
Coauthors per Publication 9,67
Collaboration
Annual Collaboration Index 7,62
Collaboration Index 9,67
Collaboration Coefficient 0,97
International Coauthorships (%) 96,75

A bibliometric analysis reveals a signi-
ficant increase in research examining regional
non-communicable disease (NCD) vulnerability
using artificial intelligence (AI) methodologies
from 2007 to 2024. Publication output grew re-
markably, escalating from 11 articles in 2007 to
723 articles in 2024 (a 65.7-fold increase), reflec-
ting intensifying scholarly interest and rapid con-
ceptual and technological advancements in this
interdisciplinary field. This substantial expansion
signifies the evolution of Al-driven NCD rese-
arch from an emerging specialty to a prominent
focus within global health scholarship.

Correspondingly, citation metrics exhi-
bited exponential growth, increasing from 422 in
2007 to 35,148 in 2024 (83.3-fold growth). This
parallel trajectory in citation impact underscores
the field’s growing academic influence and practi-
cal relevance for both researchers and healthcare
professionals. The compounded growth in both
publication volume and citation frequency de-
monstrates widespread recognition of AI’s trans-
formative potential in addressing geographically
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variable NCD patterns and vulnerabilities.

Table 2. Trends in Publications and Citations

Year

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

from 2007 to 2025
Total Publications  Total Citations

11 422

22 1101
18 837

30 1592
28 1263
26 1342
37 1864
43 2179
55 2540
60 2782
85 4114
106 5478
157 7531
244 11506
408 19201
519 25450
576 28630
723 35148
478 23266
11 422
22 1101
18 837
30 1592
28 1263
26 1342
37 1864
43 2179
55 2540
60 2782
85 4114
106 5478
157 7531
244 11506
408 19201
519 25450
576 28630
723 35148
478 23266

The longitudinal analysis reveals distinct
phases in the development of Al applications for
NCD management research. The foundational
period (2007-2016) was characterized by modest
scholarly output, with both publication and cita-
tion volumes remaining at relatively low levels.
A notable transition occurred in 2017, when an-
nual publications reached 85 (compared to <20
in previous years) and citations surged to 4,114,
signaling the field’s emergence as a growing rese-
arch priority.

The year 2020 marked a critical inflection
point, with output jumping to 244 publications
and 11,506 citations - increases of 187% and
180% respectively from 2017 levels. This accele-
ration coincided with the COVID-19 pandemic,
suggesting heightened recognition of technolo-
gy-driven health solutions during global health
crises. The subsequent biennium (2021-2022)
witnessed unprecedented growth, with annual
publications climbing to 408 and 519, while 2022
citations exceeded 25,000. These trajectories de-
monstrate the field’s remarkable maturation from
niche specialty to mainstream research domain
within both public health and computer science
disciplines.

Although the number of publications in
2025 remained high at 478, the number of cita-
tions declined to 23,266. This decline is likely due
to the time it takes for new articles to gain visibi-
lity, as well as a shift toward more specialized to-
pics with narrower audiences. This trend suggests
that the field is maturing, moving from rapid ex-
pansion to more focused and in-depth research.

Globally, research productivity remains
uneven. The United States led with 1,323 pub-
lications, followed by China (630), the United
Kingdom (352), Canada (259), and Australia
(219). While high-income countries still domina-
te, rising contributions from emerging economies,
especially China, indicate a gradual shift toward
a more globally distributed research landscape in
AT and NCD management.

The average publication year for leading
countries indicates a tendency to publish more
recent research, with the United States and China
showing average publication years between 2020
and 2022. This suggests a high level of active en-
gagement by these countries in the latest develop-
ments within the field. In terms of research quali-
ty, while high-output countries such as the United
States and China dominate in volume, countries
with relatively smaller contributions like Brazil
and South Korea also demonstrate meaningful
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Annual Publication and Citation Trend (2007-2025)
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Figure 3. A global collaborative landscape and strategic alliances in AI-NCD scholarship

involvement. Their publications reflect both di-
versity and extensive collaboration with interna-
tional partners.

The United States has the most total cita-
tions (42,469), followed by the United Kingdom
(18,707) and China (14,174). However, the Uni-
ted Kingdom and France have a higher impact
per paper, which indicates stronger research qua-
lity despite fewer publications. This suggests that,
while the United States and China dominate in
terms of output quantity, countries like the Uni-
ted Kingdom and France achieve a higher norma-
lized impact per study.

Most contributing countries are recent
entrants (2021-2022), which reflects the growing
attention to global health issues. International
collaboration is extensive, with the United States
serving as a central hub, particularly in partner-
ships with the United Kingdom, China, Canada,
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Australia, Germany, France, and the Nether-
lands.

Keyword co-occurrence analysis identifies
seven major research clusters in Al and NCDs:
1) COVID-19 and resilience, 2) machine learning
and predictive modeling, 3) mental and psycho-
social health, 4) clinical risk factors (e.g., diabe-
tes and cardiovascular disease), 5) digital health
technologies, 6) social determinants and equity,
and 7) general healthcare applications. Together,
these clusters highlight the broad, interdisciplina-
ry integration of AI across clinical, technologi-
cal, and public health domains.

Institution Research Productivity

The bibliometric assessment of institutio-
nal contributions identifies the most active and
influential research organizations within the exa-
mined corpus. At the forefront is the Institute of
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Table 3. Bibliometric Analysis of the 20 top Productivity Countries

Country Tgtal .Pub- .Tot.al Nolrma.tlized Avg. Publica- Ava, Citations
lications Citations Citations tion Year
United States 1323 42469 1569,056 2020,951 32,1005
China 630 14174 778,7109 2022,649 22,4984
United Kingdom 352 18707 740,4456 2021,509 53,1449
Canada 259 12903 497,8895 2021,413 49,8185
Australia 219 12070 440,4645 2021,772 55,1142
Italy 184 11647 353,5552 2021,228 63,2989
Germany 175 10496 355,8712 2021,863 59,9771
India 156 6809 334,6825 2022,314 43,6474
Spain 148 11586 346,0908 2021,466 78,2838
Netherlands 131 8466 302,3184 2021,008 64,626
Iran 124 2172 103,6853 2022,54 17,5161
Brazil 121 7936 298,7949 2021,802 65,5868
South Korea 107 5597 193,1607 2021,72 52,3084
Switzerland 96 5513 167,5744 2021,615 57,4271
Sweden 85 6463 140,7037 2021,553 76,0353
France 82 7180 213,9835 2021,012 87,561
Saudi Arabia 72 6003 200,1958 2022,653 83,375
Taiwan 71 1357 55,8093 2021,479 19,1127
Japan 69 6165 192,3879 2020,768 89,3478
Belgium 66 7065 205,1762 2021,106 107,0455
United States 1323 42469 1569,056 2020,951 32,1005
China 630 14174 778,7109 2022,649 22,4984
United Kingdom 352 18707 740,4456 2021,509 53,1449
Canada 259 12903 497,8895 2021,413 49,8185
Australia 219 12070 440,4645 2021,772 55,1142
Italy 184 11647 353,5552 2021,228 63,2989
Germany 175 10496 355,8712 2021,863 59,9771
India 156 6809 334,6825 2022,314 43,6474
Spain 148 11586 346,0908 2021,466 78,2838
Netherlands 131 8466 302,3184 2021,008 64,626
Iran 124 2172 103,6853 2022,54 17,5161
Brazil 121 7936 298,7949 2021,802 65,5868
South Korea 107 5597 193,1607 2021,72 52,3084
Switzerland 96 5513 167,5744 2021,615 57,4271
Sweden 85 6463 140,7037 2021,553 76,0353
France 82 7180 213,9835 2021,012 87,561
Saudi Arabia 72 6003 200,1958 2022,653 83,375
Taiwan 71 1357 55,8093 2021,479 19,1127
Japan 69 6165 192,3879 2020,768 89,3478
Belgium 66 7065 205,1762 2021,106 107,0455
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Table 4. Strength of Collaboration Countries Study
Strength

Source_Country Target_Country

United Kingdom United States 110
China United States 106
Canada United States 80
Australia United States 69
Germany United States 62
China United Kingdom 50
Canada United Kingdom 46
Australia United Kingdom 45
Netherlands United States 43
Germany United Kingdom 43
China Hong Kong 39
Italy United States 38
Netherlands United Kingdom 37
Italy United Kingdom 36
Australia China 33
Switzerland United Kingdom 32
Brazil United States 32
Spain United Kingdom 31
Spain United States 31
Sweden United States 31

Table 5. Top 10 Institution with the Highest Publications

Institution Number of  Total  Average
Articles  Citations Citations
Institute of Health Inforr.natlcs,. University College London, 1 1333 111,08
United Kingdom
Harvard Medical School, Boston, United States 11 431 39,18
Nouffield Department of Primary Care Health Sciences, Uni- 3 310 3875
versity of Oxford, United Kingdom ’
Department of Medical Social Sciences, Northwestern Univer- 7 33 471
sity, United States ’
Clinical Epidemiology Program, Ottawa Hospital Research
. 6 13 2,17
Institute, Canada
School of Public Health and Preventive Medicine, Monash 6 481 80,17

University, Australia

Department of Epidemiology and Preventive Medicine, School
of Public Health and Preventive Medicine, Monash University, 6 150 25
Melbourne, Australia

Non-Communicable Diseases Research Center, Endocrinology
and Metabolism Population Sciences Institute, Tehran Univer- 6 34 5,67
sity of Medical Sciences, Tehran, Iran

Student Research Committee, Shiraz University of Medical

Sciences, Shiraz, Iran 6 38 6,33

University of Chinese Academy of Sciences, Beijing, 100049,

China 6 461 76,83

100



Hanif Pandu Suhito et al. / Unnes

Health Informatics at University College Lon-
don, which authored 12 publications with an ex-
ceptional average exceeding 110 citations per ar-
ticle. This indicates the institute’s important role
in advancing impactful scholarship, particularly
in areas such as digital health innovation and epi-
demiological modeling. Harvard Medical School
and the Nuffield Department of Primary Care
Health Sciences at the University of Oxford also
rank highly, showcasing a strong combination of
research productivity and scholarly influence, as
reflected by both their total and average citation
counts.

High-impact research is concentrated in
leading institutions, such as Northwestern Uni-
versity and the Ottawa Hospital Research Insti-
tute. These institutions achieve strong citation
influence despite publishing fewer papers, which
highlights the importance of quality and quantity
when evaluating academic performance.

Data indicate that artificial intelligence
(AI) and machine learning (ML) are increasing-
ly being applied to noncommunicable disease

Annual Trend of Emerging Research To

Number of Publications

Journal of Public Health 15 (1) (2026)

(NCD) vulnerability, and influential studies have
been identified through Scopus based on citation
counts. Key works include Bauer et al. (2013),
which focuses on dietary protein and has recei-
ved 1,804 citations. This study is widely used
in predictive models. Another influential study
is Heidenreich et al. (2022), which focuses on
heart failure guidelines and has received 1,550
citations. This study has been integrated into
ML-based clinical systems. A third influential
study is Popkin et al. (2020), which links obesity
to the risk of contracting the SARS-CoV-2 virus
in predictive modeling. Additional contributions,
such as KDIGO (2020) and Brauer et al. (2024),
emphasize the growing role of big data and ma-
chine learning (ML) in global health, marking a
shift toward precision, data-driven interventions.

Emerging trends from 2023 to 2025 show
a rapid growth in topics such as “large language
models,” “cybersecurity,” “loneliness,” and “ad-
verse childhood experiences,” which indicates
new research priorities shaped by digital transfor-
mation and post-pandemic challenges.

pics (Top 10)
Keywords

large language models
—e— cybersecurity
—e— adverse childhood experiences
\\\\\ de
loneliness
—e— sleep quality
—e— nhanes
physical health
health risk assessment
—e— ferroptosis

2007.5 2010.0 2012.5 2015.0

Year

2017.5

2020.0 2022.5 2025.0

Figure 4. Annual Trend of Emerging Research Topics (Top 10)
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Figure 5. Top 20 Keywords with Strongest Citation Bursts (Simulated)
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The visualization of author keyword net-
works, limited to terms appearing at least 20
times, resulted in the identification of 62 items
grouped into 7 thematic clusters. Larger nodes
represent the most frequently used keywords,
and reflect the primary areas of focus within the
field. Nodes in close proximity on the map indi-
cate keywords that are commonly used together,
while different colors denote distinct thematic
clusters. Thick connecting lines between nodes
represent strong semantic relationships.

Keyword analysis revealed several promi-
nent research areas, including machine learning,
mental health, diabetes, and COVID-19, which serve
as strong indicators of current research priorities
and the evolving direction of scholarly inquiry in
the intersection of Al and non-communicable di-
sease management.

In recent years (2021-2025), there has been
a surge in technology-related keywords, such as
“natural language processing,” “digital health,”
and “telehealth.” This reflects the integration of
digital tools in healthcare, particularly after the
onset of the pandemic. This trend also signals
a shift toward remote care, artificial intelligence
(AI) applications, and big data analytics. Citation
burst patterns demonstrate how research is inc-
reasingly responding to real-world needs driven
by the intersection of health challenges, innovati-
on, and equity. This offers key guidance for future
investment and collaboration. Overall, the analy-
sis presents the dynamic nature of scientific re-
search, where emerging, high-impact topics align
with urgent public health priorities, technological
advances, and social determinants of health.

The study also demonstrates the growing
strategic role of Al in improving regional vulne-
rability mapping for noncommunicable diseases
(NCDs). Since 2006, there has been significant
growth in publications and global collaboration.
Al has contributed to early detection, predictive
modeling, and evidence-based decision-making.
Advances in Al-driven precision medicine enab-
le more targeted and timely healthcare interven-
tions (Subramanian et al., 2020). Over the past
two decades, the marked increase in publications,
citations, and research impact reflects the global
scientific community’s growing acknowledgment
of AI’s potential in strengthening NCD preventi-
on and management strategies (Xiao et al., 2024).

The analysis reveals that high-income
countries, notably the United States and the Uni-
ted Kingdom, continue to lead in terms of both
research productivity and scholarly influence,
largely due to their well-established internatio-
nal collaboration networks. This trend highlights

the global dimension of public health challenges
and underscores the importance of cross-national
and interdisciplinary partnerships in advancing
innovation and accelerating the adoption of Al
technologies. Importantly, Al-based approaches
to early detection have the potential to advan-
ce health equity by facilitating timely diagnosis
and improving access to care among underser-
ved and marginalized populations (Gurevich et
al., 2023). The growing integration of artificial
intelligence (AI) into clinical diagnostics, prog-
nostic evaluation, patient management, hospital
operations, and community-based healthcare has
contributed to greater overall efficiency in health
systems (Gnana & Bhavana, 2025; Zuhair et al.,
2024). This advancement is particularly benefi-
cial in high-volume care settings and resource-
constrained environments, where quality of care
is frequently challenged. Although much of the
recent research has been driven by nations with
advanced technological infrastructure, there has
been a marked increase in contributions from
low- and middle-income countries, which reflects
a more inclusive and globally distributed engage-
ment in the advancement of Al applications in
healthcare.

The keyword and topic analysis reveals
that research continues to focus heavily on the
application of machine learning, deep learning,
and other AT algorithms for early detection, risk
prediction, and vulnerability assessment related
to NCDs. These findings indicate that Al is not
only being used for individual-level disease pre-
diction (Maleki Varnosfaderani & Forouzanfar,
2024), but is also increasingly being leveraged to
understand vulnerability dynamics at the com-
munity and regional levels (Vargas-Santiago et
al., 2025). The emergence of new terms such as
“large language models” and “cybersecurity” further
suggests that this field is expanding beyond con-
ventional medical applications to include digi-
tal and social dimensions of public health. This
trend marks an evolution toward more multidis-
ciplinary and adaptive research approaches in
response to emerging health challenges.

In recent years, digital health interventions
have shown substantial promise in the prevention
and management of non-communicable diseases
(NCDs). Unlike traditional approaches that often
depend on patient self-regulation, digital tools
facilitate sustained behavioral change by suppor-
ting medication adherence, encouraging self-care,
and improving overall compliance (Fitzpatrick,
2023; Lu et al., 2025; Mason et al., 2022). These
technologies have proven particularly critical du-
ring public health emergencies, such as the CO-

102



Hanif Pandu Suhito et al. / Unnes Journal of Public Health 15 (1) (2026)

VID-19 pandemic, where they enabled effective
management of high-risk populations, particular-
ly in resource-limited settings (Budd et al., 2020;
Donelle et al., 2023; Vaishya et al., 2020).

Trends in publication and citation volume
reveal an exponential rise in scholarly attention to
this area, especially during the COVID-19 period,
which catalyzed the integration of digital techno-
logies into healthcare systems. The spike in rese-
arch output and citations between 2020 and 2024
underscores the positioning of artificial intelli-
gence (Al) as a strategic instrument in respon-
ding to global health challenges and enhancing
the precision of vulnerability assessments (Coté
et al., 2024; Zaidan, 2023). These developments
highlight AI’s growing influence on public health
practice and policymaking at both national and
regional levels (Panteli et al., 2025).

The analysis of the most influential articles
shows that even publications not directly focused
on ML algorithms have become foundational re-
ferences in the development of predictive models
for health risk and vulnerability. This highlights
the continued importance of foundational lite-
rature and clinical guidelines in supporting Al
applications in healthcare. Contributions from ar-
ticles on clinical recommendations and nutrition
guidelines demonstrate that successful Al imple-
mentation must be grounded in robust empirical
frameworks (Vatamanu & Tofan, 2025).

Cross-national collaboration analysis re-
veals that the United States remains at the cen-
ter of the global research network, maintaining
strong connections with countries such as China
and the United Kingdom. This pattern illustra-
tes that the development of Al in public health is
influenced not only by technical factors but also
by cultural, linguistic, and funding policy consi-
derations (Baclic et al., 2020; Davies et al., 2024).
These collaborative dynamics reinforce the U.S.’s
role as an innovation hub, while also creating
opportunities for other countries to expand their
research capacity through strategic partnerships.
AT holds immense potential to bridge health dis-
parities, particularly for underserved populations
(da Silva et al., 2024).

Overall, this study presents a comprehen-
sive overview of the current developments and
challenges in applying Al to regional NCD vulne-
rability. Its contribution extends beyond enriching
the scientific literature, it offers strategic guidance
for policymakers, researchers, and public health
practitioners seeking to harness Al technologies
effectively. By integrating data, international col-
laboration, and technological innovation, this
field holds significant potential to revolutionize

how we understand and address the global and
regional burden of NCDs.

CONCLUSION

Artificial intelligence (AI) offers consi-
derable promise in strengthening health policy
implementation, especially in the early identifi-
cation and management of geographic areas vul-
nerable to non-communicable diseases (NCDs).
As data sources become more integrated and in-
ternational collaboration intensifies, AI enhances
the precision of risk area detection, thereby sup-
porting more focused and efficient public health
responses. Equally important is the need to invest
in Al infrastructure and expertise in low- and
middle-income countries to ensure that these
technological advancements are accessible across
settings and do not inadvertently widen existing
health inequalities.
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