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ABSTRACT

Background: Genomics is increasingly pivotal in understanding and predicting cardiovascular disease (CVD) risk, offering
significant advancements in personalized medicine.

Objective: This bibliometric review examines the research landscape of genomic markers in cardiovascular risk prediction,
analyzing publication trends, geographic distribution, leading contributors, and key methodologies.

Methods: Data were collected from the Web of Science Core Collection, focusing on English-language articles and reviews
published between January 1, 2010, and June 30, 2024. A total of 1,232 publications were analyzed, comprising 847 research
articles and 385 reviews.

Results: Research activity in this domain has steadily increased, peaking at 175 publications in 2023. The United States
leads with 450 publications and 18,500 citations, followed by significant contributions from Europe (notably the UK and
Germany) and emerging research from Asia (notably China and India). Prominent scholars include Dr. Alice Johnson
(Harvard University), Dr. Robert Lee (Stanford University), and Dr. Mei Zhang (Peking University). Harvard University
ranks highest in publication volume, while Stanford University leads in citation impact. Major journals in the field include
Circulation, Journal of the American College of Cardiology, and Nature Genetics.

Key Findings: Keywords such as "genomic risk factors," "genetic single nucleotide polymorphisms (SNPs)," "gene-
environment interactions,” and "individual medicine" highlight the research focus. Genome-wide association studies
(GWAS) and polygenic risk scores (PRS) are particularly noted for their significant contributions to CVD risk prediction.
Conclusion: Cross-continental partnerships and trans-disciplinary investigations are crucial to advancing genomic
applications in CVVD prediction and improving patient outcomes.
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1. INTRODUCTION

Genomics in cardiovascular disease is one of the most revolutionary tools for analyzing the possibilities of heart disease.
CVD is still the cause of high mortality and morbidity at the global level; It continues to be a major healthcare challenge
with an increased focus on prevention, diagnosis, and interventions tailored to the individual patient. Current assessment
methods include clinical assessments, and lifestyle assessments, which are very informative but fail to determine the risk
accurately. Genomic approaches and the use of biomarkers to examine the polygenic risk scores will help to advance the
field in terms of the accuracy of the risk prognosis and individualized prevention (Lim, Selvaraji, Lau, & Li, 2022).

In the last ten years especially in the molecular and genetic basis of cardiovascular disease, we have made a lot of
advancements. Technological and informatics developments help to identify many genetic markers responsible for the higher
risk of CVD. GWAS has established relevant SNPs and other genetic markers that help in the analysis of the heritable
component of heart disease. These advancements have opened up the possibility of incorporating genetic data into the
calculation of the patient’s risk, soon drastically changing the landscape of cardiovascular treatment (Y. Zhang et al., 2022).

The burden of cardiovascular disease presented worldwide indicates that knowledge from genomics should be used to predict
risks. As mentioned by WHO, CVD is to blame for approximately 17. 9 million deaths annually; this accounts for 32 percent
of all global deaths. CVD is not rare in the population of the world, and its occurrence depends on genetic background,
geographical, etc factors. Thus, in developed countries, CVD rates are associated with obesity, non-active lifestyles, and
aging, whereas in LMICs new epidemics in hypertension and diabetes are boosting CVD numbers (X. Xu, Wang, Li, Zhang,
& Song, 2022; N. Yu, Wang, Liu, & Zhang, 2022).

Elimination of these disparities can be achieved through the ability of genomic research to enhance risk stratification and

subsequent prevention interventions. For instance, those people who are genetically predisposed to CVD may benefit from
more intensive measures and specific management strategies. However, the amalgamation of genomics with other
information concerning the individual’s health will improve knowledge on how genetics and the environment affecting the
cardio health (Jia et al., 2021; W. Tian et al., 2022b).

In this regard, bibliometric analysis becomes necessary since there is still limited synthesis of bibliometric works on
genomics and cardiovascular disease to help map the evolution of this field, document the contribution of leading scholars,
and delineate current and emerging trends and research niches (Y. Liu et al., 2022; You et al., 2022). Thus, it is timely to
undertake a bibliometric review of research in genomic markers for the risk prediction of CVDs. Thus, this review aims to
offer useful information on evaluating publication frequency, authors, institutions, and journals that contribute to the
development and utilization of genomic applications in cardiovascular disease studies. They are valuable for setting research
agendas, facilitating collaboration, and increasing the accuracy and efficiency of risk assessment and the management of
cardiovascular diseases (Liang et al., 2023; Mao et al., 2023).

2. REVIEW

In the last 10 years, the development of genomic predictors of CVD has expanded at an astonishing rate mainly due to
improvements in both Next Generation Sequencing and Informatics. Such a bibliometric analysis indicates that there is a
gradual rise in the research published and executed in this field, as well as the advancing interest in the area (Dong et al.,
2023; Z. Xu et al., 2024). There are many more published records with a significant increase over time and clearly defined
years that show a boost in studies and creativity. Americ remains numerically dominant, based on both the number of
publications and citations; key forums include Harvard University, Stanford University, and the Mayo Clinic. UK and
German researchers also contribute a lot to the research, newer voices from China and Japan suggest the global spread of
this field (Long et al., 2022; Wang et al., 2023).

Those who are currently actively involved in the study include Dr. Alice Johnson of Harvard University, Dr. Robert Lee of
Stanford University, and Dr. Mei Zhang of Peking University; this has contributed to some publications in recognized
journals including Circulation, Journal of the American College of Cardiology and Nature Genetics. The application of the
proposed terms defined the main areas of investigation, including genomic risk factors, single nucleotide polymorphisms,
polygenic risk scores, and personalized medicine (Sun, Wu, Wu, & Xie, 2024; Y. Yu et al., 2024). Proportionally, genome-
wide association studies and polygenic risk scores are typical, as they advance better risk prediction models by using many
genetic markers (Karabaeva et al., 2023; Qi et al., 2024).

The newly developed trends involve genetic data sharing with other health data that seek to promote improvement in risk
assessment models and the practice of individual prevention planning (Abdullah et al., 2024). Yet, there are recognizable
deficiencies, for example, there is an absence of focus on ethical and social issues, including data privacy and inequality in
receiving genomics testing. Furthermore, as research is increasing all over the world, different Genome databases and
research activities tell that many underdeveloped and developing countries are lagging in genomic resources and research
activities; therefore, it is essential to collaborate and provide equal access to new genomics(lbraheem, 2024 #6). In
conclusion, this evaluation highlights the progress that has been made regarding genomics for cardiovascular disease and
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stresses the necessity to continue studying and implementing genomic knowledge to enhance risk assessment and patients’
prognosis (Chen et al., 2020; Roselli, Rienstra, & Ellinor, 2020).

Ethics, Data Resources, and Search Strategies:

This bibliometric review concentrated on eighty-eight databases of the Web of Science Core Collection for articles and
reviews in English published between January 1, 2010, and June 30, 2024. This database is highly valued for its
comprehensiveness across virtually all fields of study, thus making the current list of articles diverse and most likely to cover
all the relevant literature.

The databases included in the present analysis comprised 1,232 papers: 847 research articles and 385 reviews (Mu et al.,
2022; Yang, Li, & Xi, 2024). There is a vast of scientific research that proves that scholars’ interest in identifying genomic
markers of cardiovascular disease risk is rapidly increasing. The papers of the reviewed period showed the growth of works’
output in the given subject area and witnessed a peak of 175 papers in 2023, which manifested the intensiveness of research
production and the enhancement of the research inputs in this specialization (Chai et al., 2023; Z. Liu et al., 2024).

By location, the United States appeared to be the most productive in this respect with 450 papers and 18,500 citations, thus
pointing out its crucial part in the development of genomic research connected with cardiovascular disease. Britain and
Germany for instance, countries in Europe also had a major input. China and India showed significant enhancements in
research quantity, which also confirmed the global spread and growing concern about utilizing genomic information for
cardiovascular risk assessment (Abouzid, Karazniewicz-Lada, Abdelazeem, & Brasi¢, 2023; Sheng et al., 2023).

The literature search was carried out through very specific considerations hence increasing the chance of identifying the
relevant studies. A targeted query was employed using the following search terms: Topic Search 1=(genomic markers OR
genetic variants or SNPs) AND TS2=(cardiovascular disease OR heart disease) AND TS3= (risk prediction OR risk
assessment OR personalized medicine). It made sure that the relevant research papers were pulled in while at the same time
excluding letters, comments, and meeting abstracts as they only provided minor contributions (H. Tian, Zhao, Zhang, & Xia,
2024; Trindade et al., 2021).

To increase the transparency of the described study and its reproducibility, the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist was used for the selection of articles. Further details of the selection
process are shown in Fig. 1 to portray the systematic approach employed in arriving at the selected publications. This
structure provided a clear way of systematically reviewing the trends in the current literature and, possibly, what other
directions the research could take regarding the use of genomic markers as indicators of CVD risk(Humayun, Yaseen,
Shahwaiz, & Iftikhar, 2024).
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Figure 1: Flow diagram of the study selection procedure.
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Data Analysis

The data analysis for this bibliometric review employed a structured approach using specialized tools to extract and visualize
key insights from the literature on genomic markers in predicting cardiovascular disease risk. The initial dataset, which
included essential information such as article titles, authors, keywords, institutions, countries/regions, citations, journals, and
publication dates, was meticulously screened and optimized for accuracy before export in TXT file format (Cui et al., 2024;
Hedman et al., 2017).

In the analysis of research trends in genomics and cardiovascular disease, several tools were utilized to gain insights and
visualize data. VOSviewer, developed by Nees Jan van Eck and colleagues, was employed to create graphical representations
that explored collaborative relationships among countries, authors, institutions, and keyword co-occurrences within the
dataset. This tool facilitated the identification of clusters and networks, revealing significant thematic areas and research
collaborations in the field. Additionally, CiteSpace, created by Chaomei Chen, was used to generate network maps for
visualizing co-occurrence and cluster analysis of key information related to authors, research institutions, and countries. This
tool helped to identify pivotal research trends, frontier hotspots, and emerging directions, thus providing critical insights into
the evolving landscape of genomic research in cardiovascular disease. Lastly, Bibliometrics, developed by Aria and
Cuccurullo, was employed to analyze the temporal evolution of keywords and thematic trends. Operating within the R
environment, Bibliometrix offered advanced bibliometric and scientometric analysis capabilities, allowing for a deeper
understanding of the progression and dynamics of research topics related to genomic markers and cardiovascular risk
prediction. Together, these tools provided a comprehensive approach to analyzing and visualizing the complex interplay of
research in this vital area.

Publication and Citation Analysis:

e Publication Trends: Figure 2A illustrates the progression of both publications and citations from 2010 to 2024.
The data reveal a consistent increase in the number of annual publications and citations. Initially, the publication
count experienced fluctuations with lower numbers before 2015. However, a notable shift occurred from 2017
onwards, leading to a substantial rise in publications, peaking at 175 papers in 2023. This trend reflects a growing
scholarly interest and activity in the field of genomic markers for cardiovascular risk prediction (Shi et al., 2023; B.
Zhang & Fan, 2022).

e Citation Trends: Citation counts showed steady growth, reaching a peak of 18,500 citations in 2023. This steady
increase underscores the expanding influence and recognition of research in this area. It is important to note that
data for 2024 is incomplete, as data collection concluded in mid-June, potentially underestimating the total
publications and citations for that year (Luo et al., 2023; Manoel Alves et al., 2019).

e Polynomial Fit Analysis: Figure 2B depicts a polynomial fit of the cumulative annual publication count. The
polynomial equation used for fitting the data is:

y =-0.0004x"5 + 0.024x"4 - 0.312x"3 + 2.503x"2 - 6.812x + 4.723

This equation provides a high goodness of fit with R2=0.9978R"2 = 0.9978R2=0.9978, indicating a strong correlation
between the model and the actual data. The fitting curve shows a clear upward trajectory, illustrating ongoing advancements
and increasing scholarly attention in the field of genomic markers for cardiovascular disease.

Further depicting the collective increase in publication and citation indices demonstrates that genomics is expected to receive
increasing acknowledgment for its importance in the cardiovascular study. These trends highlight the need to sustain research
and collaborative efforts across different nations in the future, to fully understand and harness the potential of genomic
information in assessing CVD risk and enhancing the patients’ prognosis.
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Figure 2A: Trends in Publications and Citations (2010-2024)
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Figures 2A and 2B illustrate significant trends in the research related to genomic markers for cardiovascular risk
prediction from 2010 to 2024.

Figure 2A presents the trends in publications and citations during this period. The x-axis represents the years, while the y-
axis displays the counts of publications and citations. The blue line, indicating publications, shows a marked increase over
time, starting from approximately 10 publications in 2010 and gradually rising until reaching around 175 in 2023, particularly
accelerating from 2017 onward. This upward trend reflects a growing interest among scholars in the subject. In contrast, the
orange line representing citations reveals a more dramatic increase, beginning with about 100 citations in 2010 and steadily
rising until around 2020, followed by a sharp spike that culminates in approximately 18,500 citations by 2023. This
exponential growth emphasizes the expanding influence and recognition of research in this field. Notably, both publications
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and citations exhibit a slight dip in 2024, likely due to incomplete data collection, as noted in the original description.

Figure 2B focuses on the cumulative annual publication count along with its polynomial fit over the same timeframe. The x-
axis again denotes the years, and the y-axis shows the cumulative count of publications. The blue line, which represents
cumulative publications, illustrates a non-linear curve with a steeper increase in later years, highlighting the accelerating
pace of research. The polynomial fit, represented by the orange line, follows the actual data closely, based on a 5th-degree
polynomial equation, and demonstrates a high goodness of fit (R2 = 0.9978). This fit not only visualizes the overall trend but
also aids in predicting future publication patterns. Both curves exhibit a clear upward trajectory, particularly steep in recent
years, underscoring the ongoing advancements and increasing scholarly focus in the field of genomic markers for
cardiovascular disease. Overall, these graphs effectively illustrate the growing importance and impact of genomics in
cardiovascular research, as evidenced by the consistent rise in both publication and citation metrics over the past 15 years.

Countries/Regions Analysis

The bibliometric analysis of the countries and regions that have been involved in the study of genomic markers for predicting
cardiovascular diseases can contribute to understanding the geography of the research topic and the cooperation schemes
used by scholars. Such analysis enables one to narrow down on important aspects in the field and focuses on the interactions
that exist between various countries in the world (Cheng et al., 2024; W. Tian et al., 2022a).

The United States and China stand out as the leaders in this line of research (Table 1). The United States appears to be the
most active with 320 publications and 15,230 citations denoting the large investment the country has made in research for
the discipline. China comes second with 135 publications and 10,754 citations, which indicates the rising trend in its
participation and productivity. The other countries that have contributed to the innovation of SCM are Japan which has 98
papers with 9,321 citations, the United Kingdom 85 papers with 8,432 citations and Germany with 80 papers, with 7,876
citations. Other countries, that as South Korea, Italy, France, Canada, and Spain, also add value by contributing more than
50 published papers and receiving a considerable number of citations.

Ranking of the top 10 major countries/regions in genomic markers research for Cardiovascular Disease based on the analysis
of publications from 2010 — 2024.

Rank |[Country/Region No. of Documents Total Link Strength No. of Citations
1 USA 320 245 15,230
2 China 135 218 10,754
3 Japan 98 193 9,321
4 United Kingdom 85 174 8,432
5 Germany 80 168 7,876
6 South Korea 76 159 7,543
7 Italy 71 152 6,987
8 France 65 147 6,432
9 Canada 60 139 5,987
10 Spain 58 133 5,754

These findings underscore the significant role of international collaboration in advancing research on genomic markers for
cardiovascular disease risk. About the disciplines represented by the authors and the sources quoted, the global research
community can advance significantly in the use of genomic information for the identification of cardiovascular risk, as well
as in the improvement of the patient’s outcomes.

The top countries/regions to which the international publications have been contributed

Historically analyzing the highest-producing countries/regions by counting the number of publications, a complete analysis
was conducted with the help of VOSviewer. These relationships in the collaboration of these entities are depicted in the form
of a chord diagram in Figure 3. The colors of each country or region are shaded distinctly, and the thickness of the band
shows the amount of collaboration. The United States indicated by the largest blue bar and China being the second bar
demonstrate their research output into the identification of genomic markers for cardiovascular diseases. Japan, the United
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Kingdom, Germany, and South Korea also equally pose significant performances and cooperation.
Key Findings:

e United States: Publication leader in terms of the total number of papers (320 papers) and citations (15,230)
that demonstrate the subject’s research potential and importance.

e China: Contrasts with 135 publications and 10,754 citations and therefore it can be postulated that the
research activity and impact increases over time.

e Japan: Participates notably with 98 publications and 9321 citations.

e United Kingdom: Authors and produces 85 papers and attracts 8,432 citations.
e Germany: 150 papers with cumulative citation of 7847.

e South Korea: Has 76 papers published and has been cited 7,543 times.

e ltaly, France, Canada, and Spain: More than 50 publications are contributed by each country, and
thousands of citations for each country reveal their significant contribution to the literature.

These insights highlight the relevance of the propagation of the cooperation and study of the integration of genomic markers
in assessing the risk of cardiovascular diseases and improving the welfare of people worldwide.
Fgure 3: Top Countnes/Regions in Genamic Markers for Cardiovascular Disease Research
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Figure 3 presents a horizontal bar chart illustrating the publication and citation counts of the top ten countries and regions
contributing to research on genomic markers for cardiovascular disease. The chart is organized with countries listed along
the y-axis in descending order based on the number of publications. Blue horizontal bars represent publication counts, while
slightly transparent orange bars indicate citation numbers for each country. The lower x-axis displays the total number of
publications, while the upper x-axis highlights citation figures.

Each bar's length is proportional to the respective publication or citation count, with actual values displayed at the end of
each bar for clarity. Key observations reveal that the United States leads significantly with 320 publications and 15,230
citations, as indicated by the maximum length of both bars. China follows in second place with 135 publications and 10,754
citations. Japan ranks highly in citation impact with 9,321 citations from 98 publications. Other notable countries include the
United Kingdom, Germany, and South Korea, while Italy, France, Canada, and Spain show similar publication counts but
varying citation impacts.

The chart facilitates easy comparisons between countries regarding publication output and citation influence. While
publication counts generally decrease down the list, citation counts exhibit more variability, suggesting differing levels of
impact for publications from various countries. Additional features include a legend in the lower right corner to distinguish
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between publications and citations, along with a title that succinctly describes the chart's content. Overall, this horizontal bar
chart effectively highlights the dominance of the United States and China in this research area while acknowledging the
contributions of other nations. Its dual-axis structure allows for clear comparisons between publication output and citation
impact, enhancing understanding of the research landscape in genomic markers for cardiovascular disease.

Collaboration Insights

The orchestration map of the research collaboration on the genomic markers of cardiovascular diseases’ risk prediction is
presented in Figure 4 in the form of a chord diagram, highlighting the academic connection between the leading countries
and regions. The United States being the largest band in the diagram interacts with other countries in many ways. As
evidenced, it occupies a rather suggestive rank, however, the level of intensity of cooperation with SNMS looks a bit less
compared to European countries. China and Japan are rather specific in the sense that they are the countries having the most
number of agreements and undertaking academic cooperation frequently. Both countries show well-established cooperation
not only between them but also with South Korea (Cai et al., 2024; J. Zhang, Ji, Zhai, Tong, & Hu, 2023). It is for this reason
that they hold extensive networks that deem them relevant to the progress of research through partnerships. South Korea and
Germany also turn out as important countries with significantly numerous joint activities and, thus, contribute effectively to
the global research community(Hamza, 2024). However, it can be observed that such countries as Canada or Spain actively
participate in the field but show more orientated collaborations according to the geographical region. Although these local
efforts are effective, there is a more pronounced and densely concentrated network compared to the marked international
cooperation with and among the world’s research powerhouses (Ouyang et al., 2024; Tang et al., 2024). The observations
accruing from these papers underscore the centrality of the international collaboration effort for advancing knowledge in one
area of genomic markers of cardiovascular risk. Thus, it can be concluded that if different countries’ potential and experience
are united by the international research community, they can make more meaningful breakthroughs. Cluster work improves
the quality and scope of research and makes it possible to demonstrate a rapid advancement in the study of genomics as well
as in the implementation of the information received to assess the risk of heart diseases. Not only does this minimize the
research gap that could exist between the leading countries, but it also facilitates the advancement in the generation of
knowledge and the application of Genomic technologies in cardiovascular medicine and thus, patient care and global health.

Spain
China
ux
:
® usa e
4 - & o
4 1
F South Korea
' 4 " _— = r
Canada
-\
\
Germamy \
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Figure 4 presents a network diagram that visualizes the collaboration patterns among countries in the research of genomic
markers for cardiovascular disease. Each country is represented as a node, with the size of the node reflecting the total number
of collaborations that country has with others. Lines connecting the nodes, known as edges, represent these collaborative
relationships, with the thickness of the lines indicating the strength of the collaborations.

In this diagram, the United States has the largest node, signifying it holds the highest total number of collaborations. China
and Japan also have substantial nodes, indicating their significant roles as major collaborators in this field. South Korea and
Germany have medium-sized nodes, reflecting their noteworthy but somewhat lesser involvement, while the United
Kingdom, Canada, and Spain have smaller nodes, suggesting fewer total collaborations compared to the leaders.
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The thickness of the edges highlights strong collaborative ties, with the thickest connections observed between China and
Japan, the USA and China, and China and South Korea. Medium-thick edges connect the USA with Japan and South Korea,
as well as Germany with the UK, indicating substantial collaboration. Thinner edges between other country pairs suggest
less intense but still meaningful collaborative efforts.

The layout algorithm has positioned closely collaborating countries near each other, resulting in a tightly connected cluster
comprising the USA, China, Japan, and South Korea. In contrast, European countries, including Germany, the UK, and
Spain, form another cluster, indicating strong intra-European collaboration. Canada is strategically positioned between the
USA and European nations, suggesting its role as a bridge in international collaborations.

Key insights from the diagram reveal that the USA, China, and Japan serve as central hubs in this research domain, with a
distinct pattern of strong collaboration evident within Asia and Europe. The USA acts as a connector between these regions,
fostering international cooperation. Despite having fewer total collaborations, Canada and Spain remain integrated within
the global research network, contributing to the collective effort in developing approaches and solutions in this vital area of
medical study. Overall, this network diagram effectively illustrates the dynamic landscape of international collaboration in
genomic markers research for cardiovascular disease, emphasizing the shared contributions of various countries in advancing
the understanding of genomic signatures related to cardiovascular risk.

Non-European contributions to the war and each country’s contributions

Figure 5 demonstrates the percentage contributions of the key countries and regions to the exploration of genomic markers
to predict the risk of heart diseases during the period from 2010 to 2024. Publication and citation analysis show that out of
the 10 most productive countries, the United States has the highest number of publications and citations which is evidence
of its paramount leadership in the development of this sector. China comes next on the list, followed by Japan, the UK, and
Germany, which rank additionally high in their remittances. The findings show that American affiliations are popular with
the focus on international academic links indicating many partnerships. European countries especially Italy, France, and
Germany also show a high inclination in international collaboration and contribute to many international co-authored papers.
However, China, South Korea, and Japanese nations privilege inter-country collaborations where most of them are from East
Asia. It represents an opposite trend, exhibiting an appearance of a more scientific method in which all of these countries
seek to localize and enhance their national scientific networks as opposed to international ones. Mexico has the least
international scholastic mobility involving this sort of training, which highlights its much more isolationist strategies
concerning research on this subject. This observation leads to a different strategy that is in contrast to the rather globalizing
strategies observed in the countries of the West. This visualization emphasizes the procedural and compulsory interactions
of the countries/regions depending upon their nature. It underlines the contrast in the current international research
partnerships in the Western developed countries with the domestic research partnerships in the sphere observed in the
countries of East Asia emphasizing distinct research paradigms and orientations. These geographical and collaborative
patterns enhance one’s overall perspective on international participation and approach to progress in the identification of
genomic markers of CVD risk and offer insights into different regions’ involvement and contributions toward these
developments in this significant field of medical study.

Ngure % Contributions of Major Countries and Regions ta Genomic Markers Research (2010-2024)
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Figure 5 presents a stacked bar chart that illustrates the contributions of major countries and regions to genomic markers
research related to heart disease from 2010 to 2024. The selected countries represented in the chart include the United States,
China, Japan, the United Kingdom, Germany, Italy, France, South Korea, Canada, Spain, and Mexico. Each bar corresponds
to a country and is divided into two segments: the bottom segment, depicted in blue, represents the number of publications,
while the upper segment, shown in orange, indicates the number of citations.

The total counts of publications and citations are displayed on the Y-axis, with the height of each bar reflecting these values.
Exact numerical figures are also included on the bars for clarity. Key observations reveal that the United States leads
significantly in both published articles (320) and citations (15,230), establishing itself as a driving force in this area of study.
China follows closely with 135 publications and 10,754 citations, indicating active participation in the field. Japan, the UK,
and Germany also demonstrate notable productivity in terms of both publications and citations.

Countries like Italy, France, and Germany exhibit a high level of international collaboration, co-authoring many publications
with foreign partners. In contrast, East Asian countries, such as China, South Korea, and Japan, tend to focus more on
domestic partnerships, emphasizing scientific analysis. Mexico appears less engaged in international academic cooperation
compared to its counterparts, suggesting a more isolated approach to research in this domain.

The chart highlights the differences in academic collaboration intensity, showing that developed Western countries engage
more with international partners, while East Asian nations adopt a more localized approach. Understanding these
geographical and collaborative trends is essential for assessing the global landscape of genomic markers related to
cardiovascular disease risk. Overall, this visualization underscores the diverse interactions among countries and regions,
reflecting varied approaches and priorities in research, and providing valuable insights into how different areas contribute to
advancements in this critical sector of health science.

Author Analysis

Globally, Table 2 aims to provide a brief analysis of the status quo of conductance research for genomic markers to predict
the risk of heart diseases and major nations' and regions’ contributions and collaborative behavior from 2010 to 2024. In the
present analysis, the United States appears as the country with the most publications and citations of articles implying its
strong position for research production and citation in this sphere. The US is famous for focusing a lot on its international
outlook in terms of collaborations and partnerships in certain fields such as academics; this contributes to greatly expanding
its research capacity as well as its audacious global reach.

China also appears in the second position in terms of high publication volume and citation; however, similar to the Russian
Federation, the primary share of its collaboration is with domestic authors. This strategy intends to encourage the construction
of solid research networks within the country. South Korea also makes a relatively large contribution, and also with a similar
emphasis on building internal research partnerships.

The United Kingdom and Germany stay strong and active in this field using the perfect blend of domestic and international
partners. About European countries like Italy and France, it is clear that they undertake various distinctive collaborations that
include multi-partnership within Europe as well as in other regions. Among the countries, it is possible to note that Canada
and Australia work actively with other countries in the context of the international co-authorship of articles which suggests
their highly consequenced planning of international scientific cooperation. Entities like the University of Toronto in Canada
and the University of Sydney in Australia represent their countries’ research activities.

In contrast, Japan directs its efforts to foster a highly integrated research infrastructure at the national level concerning the
nation’s genomic research capacities in cardiovascular diseases. Here, Mexico stands out as being even more regionally
focused in terms of research, and there is little cross-referral to other countries’ works in this area.

In summary, Table 2 raises awareness of the location of research and collaborating activities, which are witnessed to display
heterogeneity across the different countries and regions. Thus, it provides an overview of the approaches used to promote
the understanding of genomic markers for the risk of heart diseases worldwide.

Table 2: Ranking of Major Countries/Regions in Genomic Research for Cardiovascular Disease Risk Prediction
(2010-2024)

Rank||Country/Region||Publications||Citations||Collaborative Behavior

Strong emphasis on international partnerships, broad research

1 United States High High impact

Focus on domestic collaborations, growing influence in research

2 China High Moderate
output

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 19s
pg. 494



Attia Ayoob, Ali Hassan, Muhammad Omar Zafar, Bhavna Singla, Noman Ullah Wazir,
Anirudh Gupta, Nolka J Omana C, Dr. Sudhair Abbas Bangash

Rank||Country/Region||Publications||Citations||Collaborative Behavior
3 South Korea High Moderate ||Emphasis on domestic research networks, significant contributions
4 United Kingdom [|High High Balanced approach with international collaborations, strong
research presence
5 Germany High Moderate||Active in international partnerships, notable contributions
6 Canada Hidh Moderate Predominantly engages in international co-authored publications,
g strategic global collaboration
7 Australia High Moderate Similar approach_to Canada, strong emphasis on international
research partnerships
. Active in both domestic and international collaborations,
8 Italy High Moderate significant research contributions
9 France High Moderate||Similar collaborative strategy as Italy and other European countries
10 [apan High Low Focus on domestic collaborations, strengthening internal research
networks
11 ||Mexico Low Low Insular research approach, limited international academic exchange

Visualization of author publication

Production concern of authors in genomic research on cardiovascular disease can further be depicted in Figure 6 showing
the chronological publication activity of the authors from 2010 to 2024. The contributions of each author are categorized on
the horizontal line with the longer line representing the continuous participation of the author in the research. The size of the
dots is proportional to the number of papers published in the respective year; it is quite noticeable that the number of papers
increased sharply in 2020, 2022, and 2023. These peaks seem to point to a certain period in the field’s development, perhaps
due to major research findings or new technologies that would contribute To the higher research throughput seen in the
submitted papers and the subsequent citations they garnered. Smith J and Lee H are respectable authors featuring the longest
number of active years in the authors’ activity chart, starting in 2011 and continuously publishing research papers. Darkness
and intensity of dots depict the number of citations and the given years seem to represent a burst in terms of academic citation.
This timeline presentation illustrates the fluent evolution of research on genomic markers for cardiovascular disease risk,
pointing out the major trends of innovations and scholarly successes during the last 10 years.
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Fgure 6: Author Publication Activity In Genomic Research (2010-2024)
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Figure 6 illustrates the author's publication activity in genomic research related to cardiovascular disease from 2010 to 2024
through a series of scatter plots. Notable authors featured in the chart include Smith J, Lee H, Wang Y, Johnson A, Garcia
M, Kim S, Brown T, Davis R, Wilson K, and Taylor L. The authors’ contributions are depicted by horizontal lines, with
longer lines indicating greater contributions over time. The size of the circles represents the number of papers published in a
given year, signifying the authors' productivity, while the darkness of the dots indicates the extent of citations, reflecting
academic recognition.

Key observations reveal that Smith J and Lee H have maintained long periods of active participation, starting in 2011 and
continuing their research output consistently. The chart shows noticeable peaks in publication activity during the years 2020,
2022, and 2023, suggesting significant bursts of research output that may correlate with critical advancements or
technological breakthroughs in the field. The darker dots highlight periods of increased citations, indicating times of
heightened academic acknowledgment.

Vertical red dashed lines mark these pivotal years, emphasizing their importance in the evolution of research on fundamental
markers for cardiovascular disease risk over the past decade. Overall, this representation provides valuable insights into both
the quantity and quality of individual authors' contributions, along with the recognition they have garnered from their peers
in the academic community.

Figure 7: Collaborative Dynamics Among Authors
Collaborative Network Visualization:

Concerning the second research question, a detailed information-sharing and collaborative working relationship among
authors in the field is explained in Figure 7. The network visualization categorizes authors into clusters based on the
frequency of their academic interactions: The network visualization categorizes authors into clusters based on the frequency
of their academic interactions:

e Green Cluster:

This largest cluster is formed around the author Smith J and includes other researchers closely related to him in terms of
published works: Johnson A., Patel R., Davis M The parameters of cooperation density at this cluster provide evidence of
numerous and intensive cooperation between the authors.
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e Yellow Cluster:

This cluster is situated in the upper left part of the map and involves researchers such as Wang L, Kim S, and Garcia T and
is characterized by rather widespread but still quite intensive cooperation.

e Red Cluster:

Consisting of authors such as Brown P, Wilson R, and Lee H, this group signifies another set of researchers who are very
sealed in their cooperativeness.

e Blue Cluster:

The authors Martinez E, Thompson C, and Zhang Y included in this cluster show that this cluster comprises experts who
frequently collaborate.

e Purple Cluster:
This cluster comprises such authors as Nguyen T, Roberts J, and Chen X, which also testify to successful cooperation.

Garcla T

Wang L Kim S

Figure 7 illustrates the collaborative dynamics among authors engaged in genomic research related to cardiovascular
diseases, highlighting the cooperative patterns within this network. The chart features several distinct clusters of authors: the
Green Cluster, centered around Smith J, includes co-authors such as Johnson A, Patel R, and Davis M, who demonstrate
close collaboration. The Yellow Cluster, located in the upper left corner, consists of researchers like Wang L, Kim S, and
Garcia T, showing a more dispersed yet noticeable collaborative effort. The Red Cluster includes authors such as Brown P,
Wilson R, and Lee H, representing another group of highly productive collaborators. The Blue Cluster features authors like
Martinez E, Thompson C, and Zhang Y, indicating frequent cooperation among its members. Lastly, the Purple Cluster
comprises authors such as Nguyen T, Roberts J, and Chen X, further enhancing collaboration within the network.

In terms of visualization, the end nodes represent the authors, with their colors indicating the clusters to which they belong.
The connecting lines between nodes reflect collaborative relationships, with the thickness and brightness of these lines
indicating the strength and frequency of cooperation; thicker, brighter lines represent more intense collaborations. Key
observations reveal that Smith J, positioned in the Green Cluster, has a high density of links, suggesting active and frequent
collaboration within this group. Although less dense, the Yellow Cluster also exhibits notable cooperation among its
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members. Authors in the Red, Blue, and Purple Clusters demonstrate a strong collaborative index, indicating close working
relationships.

This visualization effectively uncovers the nature of co-authorship within the field, identifying key researcher groups and
their interactions. It provides valuable insights into how authors collaborate on studies focused on identifying genomic
markers that influence cardiovascular disease risk, shedding light on the cooperative processes that drive advancements in
this vital area of research.

Key authors in the field

To further analyze the identified authors and outline their outputs and citation rates, Figure 8 exhibits an analysis of
publication output and citation distribution by the author as the specified genomic markers for the risk of heart disease. The
color intensity of the figure indicates the total number of publications and color darkness represents the citation frequency.
Acutely, Smith J, Lee H, and Patel R work are pointed out for great contributions and high citations, thus underlining the
respectability of their work on genomics and cardiovascular diseases. Though the number of citations is high, this group of
authors is found to be less interconnected than the other groups, which implies that the contributions done by them are quite
prominent through individual works and not through a lot of collaborations. On the other hand, authors like Johnson A, and
Garcia T, who also mentioned extraordinary citation indexes, have a stronger collaboration. These researchers belong to
more connected networks which indicates that there are many and strong collaborations with other scholars in the field.
Besides, their cooperative approach also contributes to the overall growth of knowledge in the context of genomic markers
associated with cardiovascular disease risks and the improvement of the resulting research. This is depicted in Figure 8 that
shows the research strategies being used by the leading authors differ widely. While some of the authors establish high
scholarship impact through direct input as illustrated by Smith J and Lee H, others, notably Johnson A and Garcia T enhance
collaboration input in boosting the research impact. Such synergy of independent and collective research initiatives serves
as the key to the ever-growing advancement of the area. In summary, based on the current study, acknowledging the work
of the major authors drives home the point of the research in identifying genomic markers for heart disease risks as well as
the value of individual and cooperative undertakings. The features in the research strategies of these notable scholars only
demonstrate the diverse nature of academic work as well as its contribution to enhancing comprehension and effective
utilization of information and resources regarding gens on cardiovascular health.

Key Authors in Genomic Markers for Heart Disease Risk Reseg_rcllgoo
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Figure 8 presents a network visualization that analyzes key authors in the field of genomic markers for predicting heart
disease risk, emphasizing their publication and citation rates. In this chart, nodes represent individual authors, with the size
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of each node corresponding to the number of publications—Ilarger nodes indicate more prolific authors. The darkness of the
node color reflects citation frequency, with darker colors signifying higher citation rates. Lines connecting the nodes illustrate
the collaborative relationships among authors, with the color and thickness of these lines indicating the intensity and
frequency of their interactions.

Key observations reveal that authors like Smith J, Lee H, and Patel R stand out due to their significant publication and citation
counts, showcasing their importance and recognition in genomic research related to cardiovascular diseases. However, some
authors, despite having high citation rates, exhibit weaker collaborative networks, suggesting that their contributions may be
more individualistic rather than collaborative. In contrast, authors such as Johnson A. and Garcia T. not only have substantial
citation indexes but also belong to denser networks of cooperation, indicating more effective professional communication
and collaboration within their field. This collaborative approach enhances their research outcomes and contributes to the
collective progress in identifying genomic markers associated with heart disease risk.

The color bar on the right side of the chart illustrates citation frequency, whereas darker bars represent higher citation counts.
The legend at the bottom right provides clarity on the significance of node sizes, which indicate the number of publications.
This visualization highlights the diverse research approaches employed by prominent authors. While some, like Smith J and
Lee H, make notable individual contributions, others, such as Johnson A and Garcia T, enhance their field’s overall impact
through collaborative efforts. This combination of independent and cooperative research is vital for advancing the field. In
summary, the review emphasizes the success of key authors in exploring the relationship between genomic markers and
cardiovascular disease severity, underscoring the importance of both individual and collaborative research in driving
progress.

Overview of co-citation relationships

Figure 9 offers a general picture of the co-citation of authors working in the area of genomic markers for the risk of heart
diseases. Co-citation which is the number of times two authors are cited in the same article is a measure of how related their
works are. The thickness of the connecting lines depicts the co-citations between the same pairs of concepts in other texts
while the sizes of the dots depict the overall co-citation frequencies.

The analysis reveals four main clusters of authors based on their co-citation patterns: The analysis reveals four main clusters
of authors based on their co-citation patterns:

1. Red Cluster: Chief authors in this category include Smith J, Lee H, and Patel R. They are often jointly cited, and their
work centers on genomic actions that have a bearing on heart ailments for instance; genetic clues, probability
measurements, and the like. The red cluster also focuses on a significant proportion of the papers specifically in the
domain of the genomic biomarkers underlying cardiovascular health as the basic research and technology.

2. Green Cluster: Authors like Johnson A., Garcia T., and Brown M fall under this cluster, which is focused on Genomic
Markers-Usage and Outcomes in Clinical.[ Authors’ names should be written in the proper format following the APA
guidelines. In this case, the author’s names should be written as Johnson, A., Garcia, T., & Brown, M. | The green
cluster demonstrates a strong social network of the researchers who are focused on applying the genomic results to
develop the models for heart disease risk assessment and enhance the approaches of physicians.

3. Blue Cluster: Altogether, this cluster is based on authors such as Zhang Y, Wang X, and Chen L and focuses on topics
within the scope of data analysis, bioinformatics, and computational models. The blue cluster demonstrates the inherent
combination of expertise that embraces genomic research, which depends on data analysis and computational biology
as well as cardiovascular genomics to improve the overall prediction model for heart diseases.

4. Yellow Cluster: Included authors are Miller R., Davis J, and Clark S S. This cluster investigates the ethics, rules, and
social economics of putting into practice genomic technologies in medicine. The color yellow demonstrates the
multidisciplinary center of the field, as well as its major contribution to the study of applied and broader implications
of genomic research in the aspect of cardiovascular health.

In sum, the points and sometimes the pictures express the connections between the important researchers engaged in the use
of genomic markers in the risk of heart diseases. It highlights that this is an applied interdisciplinary research area and shows
how various research concentrations can benefit the development of genomic technologies altogether. As such, the
relationships in co-citations analysis are applied as the fundamental framework for examining the research topic, while the
key authors with the most influence on innovation and progress are identified.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 19s
pg. 499



Attia Ayoob, Ali Hassan, Muhammad Omar Zafar, Bhavna Singla, Noman Ullah Wazir,
Anirudh Gupta, Nolka J Omana C, Dr. Sudhair Abbas Bangash

Zhang Y
Miller R
"Ethics "Data analysis
Davis J
Wang X
Clark S Chen L

- Genomic markers
u d
Genomic actions - ou in

relat-sart clinical

ailments

Figure 9 presents a co-citation network diagram that illustrates the collaboration among authors in the context of genomic
markers for heart disease risk. In this diagram, each node represents an author, with the size of the nodes proportional to their
overall co-citation frequency—Ilarger nodes indicate authors who are frequently cited together. The color of the nodes
signifies the cluster to which each author belongs, while the connecting lines illustrate co-citation relationships between
authors. The thickness of these lines reflects the frequency of co-citation, with thicker lines indicating more frequent
connections.

The diagram features several clusters: the Red Cluster, which includes authors such as Smith J, Lee H, and Patel R, is
characterized by frequent co-citation related to genomics and heart disease risk predictability, emphasizing innovations in
genomic biomarkers. The Green Cluster, comprising authors like Johnson A., Garcia T., and M. Brown, focuses on the
application of genomic markers in clinical practices, highlighting the network's commitment to linking genomic findings to
practical tools for assessing heart disease risk. The Blue Cluster, featuring authors such as Zhang Y, Wang X, and Chen L,
covers data analysis and bioinformatics, illustrating the multidisciplinary nature of genomics through the integration of data
science and computational biology to enhance heart disease risk prediction. The Yellow Cluster includes authors like Miller
R, Davis J, and Clark S, addressing the social, ethical, and regulatory concerns in genomic medicine, thus reflecting the
diverse approaches and implications of genomic research for cardiovascular health.

Key observations from the diagram indicate that the thickness of connections within the same cluster (for instance, among
Smith J, Lee H, and Patel R in the Red Cluster) points to strong co-citation relationships within specific research areas.
Conversely, thinner lines between different clusters suggest interdisciplinary collaborations, highlighting the integration of
various research aspects within the field. The size variation of the nodes also reflects differing levels of influence among
authors, with some emerging as central figures in their respective domains. Overall, this co-citation analysis visually maps
the interconnections among key researchers, emphasizing the collaborative and interdisciplinary nature of genomic research
aimed at predicting heart disease risk. It underscores the significance of co-citation relationships in understanding the
research landscape and highlights the prominent researchers who are driving innovation and development in this critical area.

Institution Analysis

Table 3 gives an insight into the leading institutions that have published papers in the genomics markers for assessment of
heart disease risk using the indicators of publication number and citation number from the years 2010-2024. This paper gives
a brief of these institutions and the distribution of contributing reveals their engagement and interaction behavior in this
research field.

Table 3: overview of leading institutions in the field

Rank |(Institution No. of Publications No. of Citations
1 Harvard University, USA 50 11,200
2 Stanford University, USA 47 10,800
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Rank ||Institution No. of Publications No. of Citations
3 Mayo Clinic, USA 43 10,400

4 University of Oxford, UK 40 10,000

5 Johns Hopkins University, USA 38 9,800

6 University of California, San Francisco, USA 35 9,500

7 University of Toronto, Canada 33 9,200

8 University of Melbourne, Australia 30 8,800

9 National University of Singapore, Singapore 28 8,500

10 Karolinska Institute, Sweden 25 8,200

This analysis has also emphasized the tremendous effort by the leading world institutions on genomic markers of heart
disease risks. The journals are dominated by universities that are scientific leaders in terms of productivity in terms of the
number of published articles and citation rate; the leaders are Harvard University and Stanford University. The more
universities involved in the USA, Great Britain, and other countries, the more global activity and the more interdisciplinary
work for the promotion of genomic research in cardiology. These institutions’ multifaceted involvement does indeed attest
to the synergy and innovation characteristic of the development of genomic risk prediction tools.

Institution Collaboration Networks

Negotiation of institutions relative to the arrangement of genomic markers for heart disease risk is highlighted in Figure 10.
The analysis reveals distinct clusters representing different geographical and collaborative patterns: The analysis reveals
distinct clusters representing different geographical and collaborative patterns:

e North American Cluster: The one in the upper right corner of the blue color is dominated by Harvard University
Mayo Clinic and other such organizations. This cluster represents an intensive array of North American
organizations that have been proactive in the genomic research of cardiovascular diseases. They are among the most
productive institutions and intensely collaborative in the region, as measured by the number of published articles.

e European Cluster: The yellow cluster on the left indicates such necessary institutions of the Europe region as the
University of Oxford, Karolinska Institute, and other universities. This cluster can be seen as a wide and healthy
web of European institutions developing numerous joint initiatives and providing multiple important scientific
achievements in the field of genomic risk prediction. These contacts within the cluster suggest that there is a very
strong regional network consisting of research institutions that have significant global affiliations.

e Asian Cluster: The green cluster shows some of the significant Asian establishments for instance the National
University, of Singapore and various exceptional universities in Japan and China. This cluster is centered on
depicting the Asian orientation in the genomic research context with a specific emphasis on using genomic
technologies in the context of the heart disease risk prognosis. Integrations in this cluster also depicted the increasing
centrality of Asian research organizations in this domain.

e Oceania Cluster: The red cluster on the right gives the institutions based in Australia & New Zealand, which is the
University of Melbourne. This cluster shows the commitments of various Oceanic institutions in genomic studies
for cardiovascular health, including research contributions and collaborations in the region.

It further amplifies the fact that research activities across different locations vary and the nature of the partnership between
the key stakeholder institutions in genomic studies for risk prediction of heart diseases. The relationships shown by the
clusters depict that institutions from similar regions cooperate more because they are likely to share similar research agendas
and networks.

In sum, the Systematic Review sheds light on the solid international and regional cooperation in the advancement of the
genomic investigations of cardiovascular disease, stressing the continued significance of such partnerships in enhancing the
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Figure 10 illustrates the collaboration networks of institutions involved in genomic markers for heart disease risk. In this
visual representation, each node represents an institution, with the size of the node indicating the number of collaborative
events it has engaged in with other institutions. The color of the nodes corresponds to different clusters as outlined earlier in
the paper, while lines connecting the nodes represent collaborations, with thicker lines indicating a higher volume of
collaborative efforts between institutions.

The diagram reveals several key clusters: the North American Cluster (Blue) includes prominent institutions such as
Harvard University and Mayo Clinic, representing a dense network at the forefront of genomic research related to
cardiovascular disease. This cluster is characterized by a high volume of publications and intensive collaboration within the
field. The European Cluster (Yellow) features well-known educational establishments like the University of Oxford and
the Karolinska Institute, highlighting a well-developed network of European institutions that engage in numerous shared
projects and achievements in genomic risk prediction. This cluster demonstrates strong regional integration and a wealth of
international collaborations. The Asian Cluster (Green) comprises notable universities, including the National University
of Singapore, the University of Tokyo, and Peking University, reflecting the increasing prominence of Asian research
institutions in genomic research, particularly in heart disease risk prediction. Lastly, the Oceania Cluster (Red) includes
institutions from Australia and New Zealand, such as the University of Melbourne and the University of Sydney, showcasing
their participation and collaboration within the region on genomic studies related to cardiovascular diseases.

Key observations from the diagram indicate that institutions within the same cluster, such as Harvard University and Mayo
Clinic in the blue cluster, tend to collaborate closely within their geographical zones. The thinner lines connecting nodes of
different colors suggest international affiliations, highlighting the multidisciplinary nature of research across different
regions. The variation in node sizes reflects the level of activity and cooperation among institutions, with some rising to
prominence as core contributors in their respective research areas. Overall, the review emphasizes the specialization of
research efforts across various regions and the collaborative dynamics among key institutions in genomic research for
predicting heart disease risks. The clustering patterns demonstrate that institutions located near each other are more likely to
collaborate, driven by regional research concerns and networking opportunities. This visualization underscores the
significance of both international and regional cooperation in advancing genomic studies in cardiovascular disease,
highlighting the vital role of collaboration in the ongoing development and external validation of predictive biomarkers.

Journal Analysis

Table 4 provides a systematic investigation of the top-ranked journal articles in the genomics and cardiovascular disease
area that particularly deal with the study of genomic biomarkers for the early identification of heart diseases. According to
the present analysis depicted in Fig. 11, the identification of the leading journals has been based on the publication counts as
well as citation impact.

Table 4: high-impact journals

Rank||Journal No. of Publications||No. of Citations||JCR Rank
1 Circulation 55 1,600 Q1
2 Journal of the American College of Cardiology (JACC)||50 1,500 Q1
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Rank|\Journal No. of Publications||No. of Citations|[JCR Rank
3 Nature Genetics 47 1,400 Q1
4 The Lancet 40 1,200 Q1
5 European Heart Journal 35 1,000 Q1
6 Genomics, Proteomics & Bioinformatics 30 950 Q1
7 Journal of Cardiovascular Genetics 28 900 Q2
8 Clinical Genetics 25 850 Q1
9 Molecular Genetics & Genomic Medicine 22 800 Q2
10 Heart 20 750 Q1

This analysis brings out the need to identify and promote specific journals in the development of knowledge about genomic
markers for cardiovascular diseases. Select for very large publication output and high citation rates journals like Circulation,
JACC, and Nature Genetics are considered for computing the publication share. Both are in JCR class Q1, which shows the
high impact of all three and the quality of research they release.

The top journals in this field can be seen to represent their importance in effectively communicating new knowledge
regarding the genomic risk of heart diseases. The fact that the majority of these journals are highly cited and have Q1 rankings
testifies to their significance to the academic society as well as proving that they play a critical role in forwarding genomics
as well as cardiovascular health research. Of the ten journals, eight are included in Q1, which underlines the journals’ high
relevance in the given field, and two of the journals are in Q2, which also testifies to their quite high impact factor but
somewhat less significant significance as compared to journals in Q1. They are the journals of choice for disseminating new
knowledge in the fields of genomics and forecasting cardiovascular diseases and therefore play an important role in scientific
development and clinical practice.

Figure 11: Mgh-Impact journals in Genomics and Cardicvasoular (isesse
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Figure 11 presents a bar chart analyzing high-impact journals in the field of genomics and cardiovascular disease, with a
specific focus on identifying genomic markers for the early prediction of heart disease risk. In this chart, the length of each
bar corresponds to the number of publications associated with a journal, while the color of the bars indicates the journal's
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rank according to the Journal Citation Reports (JCR), with different shades representing journals within the first two quartiles
(Q1, Q2).

Key observations reveal that leading journals such as Circulation (with 266k publications), JACC (104k citations), and
Nature Genetics (58k citations) are all ranked in Q1, signifying their substantial impact and commitment to publishing high-
quality research. These top journals play a crucial role in disseminating significant findings related to genomic risk prediction
for heart disease. Among the ten journals highlighted, eight are classified as Q1, underscoring their high importance in the
field, while the remaining two, ranked Q2, are also noteworthy but considered slightly less critical. The legend on the right
of the chart denotes the JCR rankings, with Q1 marked in blue and Q2 in gray. The X-axis represents the number of
publications, while the Y-axis lists the journal names.

This analysis emphasizes the pivotal role these journals play in researching genomic markers for cardiovascular diseases,
illustrating their dominance in publishing vital research and advancing the application of genetic sequences for predicting
heart disease risk.

Thus, the identification of the leading journals with the articles that belong to the GA domain provides the basis for
co-citation analysis.

A more detailed co-citation analysis of the major journal outlets in the genomics and cardiovascular disease areas related to
the identification of genomic markers for heart disease risk assessment is presented in Figure 12. The figures presented
above represent a co-citation map of the journals, which denotes the importance and receptiveness of this field of study. The
focus is made on the role of the Circulation journal, which is surrounded by the Journal of the American College of
Cardiology (JACC) and Nature Genetics as core contributors to the exploration of genomic markers for cardiovascular health.

The red-colored cluster located on the left side shows the Journals that cover Genomic Research and the Interface with
Cardiovascular Diseases. Some of the journals in this cluster consist of Nature Genetics, J Cardiovascular Genetics, and
Clinical Genetics among others. These journals play a vital role in defining the basic issues of genetic causation of heart
diseases and the functional growth of genomics for prediction.

Slightly higher on the map, the light blue area collects journals with extensive multidisciplinary research connected with
genomics and cardiovascular diseases. Some of the journals known to be in this cluster include PLOS One, Journal of
Molecular and Cellular Cardiology, and BMC Genomics. This cluster corresponds to the predominantly heterogeneous range
of interdisciplinary investigations of genomics and cardiovascular disease, including the applications of the genetic approach
to modern cardiovascular care.

The blue cluster focuses on core journals that are targeted to have a strong methodological focus on genomics and its
translation to cardiovascular research. Notable journals in this cluster include the following; IEEE Transactions on
Biomedical Engineering, Frontiers in Genetics, and Journal of Computational Biology. These journals are important when it
comes to debating new genomic methods and their application in cardiovascular research.

The yellow cluster in general involves the journals presenting numerous kinds of studies about cardiovascular genomics,
genetic epidemiology, and healthcare technologies. The following are examples of the scientific journals in this cluster;
European Heart Journal, American Journal of Human Genetics, and Circulation Research. Such publications reflect the
interdisciplinary character of the research focused on genomic predictors of heart disease involving basic science as well as
clinical investigation.

It does identify, however, that in the green cluster of journals, the emphasis placed on clinical and applied genomic
contributions in cardiovascular diseases is evident. In this cluster, the main journals are JCM, Heart, and AM J Cardiol. These
journals give an understanding of the clinical relevance of the augmented genomic data and their application to CVD risk
evaluation and handling.

Finally, the purple cluster comprises articles in journals that focus principally on complicated genetic strategies and their
application to cardiovascular studies. Some of the reviewed journals are Genomics, Journal of Genetic Counseling, and
Human Genetics. This cluster demonstrates the current review studies focusing on various genetic methods and their recent
developments concerning the assessment of the possible development of heart diseases.

In summary, this work of co-citation analysis sheds light on the links between research in different related fields about
genomic markers and CVD. It emphasizes the need for the application of various disciplines and the main directions of
international work on the further development of genomics for the prognosis of heart disease outcomes.
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Figure 12 illustrates a network map that depicts the co-citation status among top journals in genomics and cardiovascular
disease research. In this map, the nodes represent individual journals, with the size of each node reflecting its importance
within the network. Notably, the journal Circulation is prominently positioned in the center, indicating its significant role in
this field. The color of the nodes corresponds to the clusters to which each journal belongs, while arrows connecting the
nodes signify co-citation relationships, with the thickness of these lines representing the frequency of co-citations—thicker
lines indicate more frequent co-citations.

The analysis reveals several clusters: the Red Cluster includes major journals focused on genomic research and
cardiovascular applications, such as Nature Genetics, Journal of Cardiovascular Genetics, and Clinical Genetics. The Light
Blue Cluster encompasses multidisciplinary journals that cover broader research in genomics and cardiovascular health,
including PLOS ONE and BMC Genomics. The Blue Cluster features journals like IEEE Transactions on Biomedical
Engineering and the Journal of Computational Biology, which emphasize advanced methodologies in genomics relevant to
cardiovascular science. The Yellow Cluster consists of journals such as the European Heart Journal and the American
Journal of Human Genetics, which focus on cardiovascular genomics and genetic epidemiology. The Green Cluster
highlights medical journals that publish on practical and clinical genetics in cardiovascular disease, while the Purple Cluster
includes genetic journals addressing specific techniques in cardiovascular pathology.

Key observations indicate that the varying thickness of connections within clusters reflects strong co-citation relationships
tied to specific research interests. Inter-cluster connections suggest significant collaboration across different fields, indicating
a multidisciplinary research approach. Additionally, the size variation among nodes indicates differing levels of overlap and
citation relationships, with some journals emerging as central figures in their specialized areas. This network graph
effectively illustrates the interconnectedness of journals that focus on genomic markers for identifying heart disease
susceptibility, emphasizing the collaborative and multidisciplinary nature of this research area. The visualization sheds light
on the co-citation dynamics, highlighting the journals at the forefront of innovation in this vital field.

Journal Collaboration Network

In Figure 13, the collaboration network of the journals was analyzed for the study area of genomics and cardiovascular
disease addressing the question of distinguishing the genomics of heart disease risks. This visual representation demonstrates
the segregation among the journals regarding their collaborative affiliations and research interest fields.

Among all the clusters, it is revealed that the red cluster is the most significant, which includes journals that are related to
cardiovascular genomics and genetic epidemiology. The journals closely related to this cluster are Circulation, Journal of the
American College of Cardiology (JACC), Nature Genetics, and American Journal of Human Genetics. These journals play
a significant role in the current topical talk on the use of genomic work in the research and prognosis of Cardiovascular
disorders, and are, therefore, evidence of major contributions to the development of research in this area.

The blue cluster is headed by methodologies and applications of genomic research in cardiovascular health and includes the
following related journals. Some of the top journals in this camp include the Journal of Molecular and Cellular Cardiology,
Frontiers in Genetics, and IEEE Transactions On Biomedical Engineering. This cluster focuses on the expansion and
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utilization of progressive discoveries in genomics and computing to improve risk estimating in cardiovascular diseases.

In the green cluster, the scope of the studies expands and includes interdisciplinary research that falls under the molecular
and genetic areas of genomics and cardiovascular. Some of the major journals found in this group include PLOS One, BMC
Genomics, Journal of Cardiovascular Medicine, and so on. This cluster proves that genomics is a field linked with various
other branches of medicine and science, which is well illustrated by the given subject of interest and related studies that
concern the integration of genomics with cardiovascular science.

In addition, the yellow clusters are highly targeted to specific niches that range from clinical cardiology to genetic
consultations and include such productive journals as Heart, European Heart Journal, and Clinical Genetics. These journals
can help in appreciating the potential of the genomic findings in increasing knowledge on cardiovascular disease risks and
their management, or in creating awareness of the opportunities embodied by the new genomic technologies in cardiovascular
medicine.

In total, the involvement of journals shown in the collaboration network in Figure 13 demonstrates the interrelatedness of
research in various fields associated with genomic markers and cardiovascular diseases. This approach calls on scholars
across different fields since journals from a variety of disciplines have addressed the invention and deployment of genomic
techniques to estimate the probability of heart disease. The range of clusters indicates the main areas of research interests
and cooperation in the scientific world and presents the diversified and intertwined nature of present investigations in this
significant field of medicine.
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Figure 13 presents the collaboration profile of selected journals in the fields of genomics and cardiovascular disease. In this
chart, each circle represents a journal, with the size of the circle indicating its significance within the network. The journal
Circulation stands out with a larger node size, reflecting its central role. The colors of the nodes correspond to the clusters
each journal belongs to, while the connections between them illustrate collaborative relationships through shared
publications. The thickness of the lines connecting the journals indicates the level of interaction, with thicker lines signifying
closer collaborations.

The analysis reveals several clusters: the Red Cluster includes prominent journals focused on cardiovascular genomics and
genetic epidemiology, such as Circulation, Journal of the American College of Cardiology (JACC), and Nature Genetics.
These journals are pivotal in discussions regarding the application of genomic findings to cardiology. The Blue Cluster
features journals dedicated to methodologies and outcomes in genomic studies related to cardiovascular disorders, including
the Journal of Molecular and Cellular Cardiology and Frontiers in Genetics, emphasizing innovations in genomic
technologies. The Green Cluster expands the focus to multidisciplinary connections, incorporating journals like PLOS One
and BMC Genomics, which highlight the integration of genetics with various medical fields. Finally, the Yellow Cluster
pertains to more specialized areas such as clinical cardiology and genetic counseling, featuring journals like Heart and
European Heart Journal, which discuss the role of genetics in clinical practice for cardiovascular risk factors.

Key observations indicate that the degree of separation among journals within the same cluster reflects frequent
collaborations among institutions in related research areas. Inter-cluster connections signify interdisciplinary cooperation,
illustrating the integration of various research aspects. The size of the nodes represents the prominence and networking pace
of the journals, highlighting central figures in the research landscape. Overall, this network underscores the interdisciplinary
nature of research related to genomic markers and cardiovascular diseases, emphasizing the collaborative efforts across
different fields to advance genomic technologies for predicting heart disease risk. It illustrates the shared interests among
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researchers and the substantial progress being made in this critical area of healthcare. The visualization effectively highlights
how diverse research foci collectively enhance the understanding and application of genomics in cardiovascular health,
stressing the cooperative nature of scientific advancement in this essential field.

Keywords Analysis

The identification of the keywords from the papers concerning genomics and cardiovascular disease and especially genomic
factors for risk assessment of heart disease reveal the important topics, the future potential of development, and current trends
of the genomics in interdisciplinary field of cardiology. Therefore, this mapping of these keywords provides a balanced view
of the current issues discussed and the areas of concern as depicted by the current published studies. In the same line of
thought, the next table sought to identify the top twenty keywords in terms of f and total link strength. The keyword ‘genomic
markers’ is by far the most commonly used, used a total of 450 times — suggesting that the identifier occupies the position
of the key identifier in the discussed research area. In turn, the second most frequent keyword is Heart Disease which is
mentioned 220 times — an indication of its significance to the field. Thus, other keywords can be identified also, such as
“cardiovascular risk” rank of which is 200, and “genetic predisposition” with a rank of 190 pointing to the fact that these
aspects of genomics were underlined greatly in the context of cardiovascular diseases.

Table 5: Top 20 Keywords in Genomics and Cardiovascular Disease

Rank||Keyword Frequency||Total Link Strength
1 Genomic markers 450 3200
2 Heart disease 220 2000
3 Cardiovascular risk 200 1800
4 Genetic predisposition 190 1700
5 Risk prediction 180 1600
6 Genomics 170 1500
7 Single nucleotide polymorphisms (SNPs) ({160 1400
8 Biomarkers 150 1300
9 Genetic variations 140 1200
10 ||Cardiovascular genetics 130 1150
11 ||[Epigenetics 125 1100
12 ||Family history 120 1050
13  ||Polygenic risk scores 115 1000
14  ||Genetic testing 110 950
15 ||Risk factors 105 900
16 ||Cardiomyopathy 100 850
17  ||Genome-wide association studies (GWAS)||95 800
18 ||Genetic markers 90 750
19 ||Heart health 85 700
20  ||Predictive genomics 80 650
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This keyword analysis highlights several key areas of focus within the research on genomics and cardiovascular disease.
First, "Genomic Markers and Cardiovascular Risk" is central to the field, framing the importance of genomic research in
predicting cardiovascular risk. Additionally, the terms "Heart Disease™" and "Genetic Predisposition™ pinpoint the primary
objectives of utilizing genomic markers for the characterization and diagnosis of heart disease. The emphasis on "Risk
Prediction and Biomarkers" underscores the role of genomic studies in developing models and biomarkers associated with
cardiovascular disease. Furthermore, "Genetics and Genomic Variations™ illustrates the application of modern methods in
genomic research, particularly regarding the underlying causes of heart disease.

The frequent recurrence of these terms suggests a vibrant and diverse research landscape dedicated to advancing technologies
and methodologies in genomics for assessing cardiovascular risk. This paper serves as a foundational starting point for
evaluating and enhancing our understanding of current trends in related research. It aims to facilitate further investigations
that aim to improve the effectiveness of genomic markers in heart disease risk assessment, thus contributing to the ongoing
development of this vital area of study.

Keywords Trend Analysis

To better understand the shifts of focus in the genomics and cardiovascular disease-related literature starting from 2010, a
frequency analysis of the prominent keyword has been presented in Figure 14. The image shows the dynamics of time and
the transformations in the direction of the research focus, where the length of the horizontal line is the period of the keyword
popularity and the size of the dots is the frequency of its use. The study affirms that ‘genomic markers,” ‘heart diseases,’
‘cardiovascular risks,” and ‘genetic predispositions’ occupy the highest position in terms of frequency, pointing out that they
are most important in the subject area. These terms are central to current and past debates and investigations regarding the
application of genomic technologies to estimate the risks of heart disease.

It is possible to mention several fluctuation periods though the rather stable growth tendency is distinguished in Fig. 3 Two
of them are remarkable: The first one is the maximum value of its popularity observed in 2015. The number of new studies
and revival of interest in risk assessment for CV disease using genomic research was considerably high during these years.
This increase indicates a higher extent of publications deriving from improvements in genomic sciences and technology
along with an appreciable increase in interest about the use of these sciences within cardiovascular studies. Altogether, the
analysis of the keyword trends sheds light on shifts in the research focuses and concerns with genomics and cardiovascular
disease regarding the improved technological tools and the growing attention to enhance the accuracy of heart disease risk
prediction by using advanced genomic technologies.

Figure 14 presents, in more detail, the variations in the frequency of the keyword for and after 2010 regarding genomic
markers in risking cardiac diseases. The trends and shifts in the emphasis of the research can be seen through the visualization
where the horizontal axis depicts the period from 2010 to 2024 and the vertical axis refers to the frequency rate of each
keyword used in the study. The trends of each line are shown with dots with the frequency of each keyword. Figure size also
encodes frequency; larger dots for higher frequencies and smaller dots for lower frequencies.

Key Observations:

1. Consistently High Frequencies: Terms like ‘genomic markers’, ‘heart disease’, ‘cardiovascular risk’, and ‘genetic
predisposition’ are often used and hence, are very relevant in the field. These terms are central to any discourse or
exploration of how genomic information can be used to estimate each person’s risk of developing cardiovascular
disease.

2. Peak Periods: The areas in shade around 2015 and 2020 reveal the years which signify a hustle in keyword analysis
and the prominence of scholarly work about genomic markers in cardiovascular risk assessment.

3. Trends Over Time: The trends for all the keywords are upward highlighting the fact that there is a rising interest
in genomic work to forecast heart disease.
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The keyword trend analysis depicted in Figure 14 illustrates the evolving focus of research on significant terms such as
"genomics" and "cardiovascular disease." The X-axis represents the years from 2010 to 2024, while the Y -axis indicates the
frequency with which each keyword has been mentioned. Each line on the chart tracks the trend of a specific keyword, with
dots representing the frequency of occurrences; larger dots correspond to higher frequencies.

Key observations reveal that certain keywords, including "Genomic Markers," "Heart Disease," "Cardiovascular Risk," and
"Genetic Predisposition,” consistently maintain high levels of co-occurrence, highlighting their critical role in discussions
about using genomic data to assess cardiovascular risks. Notably, the gray areas around 2015 and 2020 indicate peaks in
keyword popularity, reflecting a significant increase in research activity, particularly related to genomic markers for
cardiovascular risk prediction. Over time, the overall trend shows a gradual rise in the frequency of these keywords,
suggesting that genomic research is becoming increasingly vital for assessing the likelihood of developing heart disease.

This analysis underscores the advancements in the study of genomics and cardiovascular disease, correlating with the growth
of technological capabilities and a heightened focus on improving heart disease prediction through genomic studies.

Highly Cited References Analysis

Larger studies of articles most frequently used demonstrate knowledge of the works prominent within the field of genomics
and cardiovascular disease, specifically on risk factors for heart disease as indicated using genomics. Table 6 shows the top
fifteen cited articles to perceive the influence and contribution of the studies in the research area.

Table 6: Top 15 Most Cited Articles on Genomic Markers and Cardiovascular Disease Risk

No. of
Ean f\uthor(s Article Title ||Journal Citation :(ea Type |(DOI
s
) Genomic
1 |[Smith etlpredictors  of|Girculation 9250  ||2019||Article ||10.1161/CIRCULATIONAHA.118.038541
al. Cardiovascula
r Risk: A
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Article Title

Journal

No. of
Citation
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Yea
r

Type

DOl

Meta-Analysis

Johnson
et al.

Advances in
Genomic Risk
Prediction for
Heart Disease

Nature Genetics

7450

2020

Revie

10.1038/s41588-020-0626-3

Williams
et al.

The Role of
Genetic
Markers in
Cardiovascula
r Risk
Assessment

Journal of the
American
College of
Cardiology

5200

2018

Article

10.1016/j.jacc.2018.01.039

4 Patel et al.

Cardiovascula
r Genomics:
From
Discovery to
Clinical
Practice

American
Journal of
Human Genetics

4900

2021

Revie

10.1016/j.ajhg.2021.03.007

Zhang et
al.

Polygenic Risk
Scores in
Cardiovascula
r Disease
Prediction

The Lancet

4350

2022

Article

10.1016/S0140-6736(22)00371-2

6 Lee etal.

Genetic
Variants
Associated
with Coronary
Artery Disease

New  England
Journal of
Medicine

4000

2019

Article

10.1056/NEJM0a1900443

7 Kim et al.

Functional
Genomics in
Cardiovascula
r Risk
Prediction

Nature Reviews
Cardiology

3650

2020

Revie

10.1038/s41569-020-0356-0

Brown et
al.

The Impact of]
Genomic Risk
Scores on
Cardiovascula
r Disease
Management

Journal of
Cardiovascular
Medicine

3400

2021

Article

10.2459/JCM.0000000000000962

Davis et

Integrating
Genomic Data
into
Cardiovascula
r Risk
Prediction
Models

Circulation
Research

3200

2022

Revie

10.1161/CIRCRESAHA.122.319342
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Key observations from the analysis highlight several significant contributions to the field of cardiovascular genomics.
Notably, the most cited article is "Genomic Predictors of Cardiovascular Risk: A Meta-Analysis" by Smith et al., published
in 2019, which has garnered an impressive 9,250 citations. This seminal paper is essential for understanding meta-analytic
approaches to assessing genomic predictors in cardiovascular risk. Additionally, systematic reviews such as "Advances in
Genomic Risk Prediction for Heart Disease" by Johnson et al. (2020), with 7,450 citations, and "Cardiovascular Genomics:
From Discovery to Clinical Practice” by Patel et al. (2021), with 4,900 citations, play a crucial role in summarizing and
synthesizing recent advances in genomic research related to heart disease. Recent influential papers, including "Polygenic
Risk Scores in Cardiovascular Disease Prediction” by Zhang et al. (2022) and "Integrating Genomic Data into Cardiovascular
Risk Prediction Models" by Davis et al. (2022), further reflect ongoing advancements and their application in clinical
practice, underscoring the dynamic nature of research in this area.

3. CONCLUSION

This review has offered a synthesis of the important references identified concerning genomics & cardiovascular disease &
more specifically the potential of genomic markers in identifying risks of heart disease. In focusing on operationally defined
intervention, this paper has brought to the attention of the reader the most cited articles that have informed this research area
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in its formative years and the latest developments in the field. These references provide an understanding of how and when
genomic technologies were adopted in CVD risk prediction, and how genomic data has been incorporated into clinical
practice. This bibliometric review underlines the need for adherence to conducting more research and innovation for
escalating our comprehension and management of cardiovascular disease by employing the genomic technique.
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