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ABSTRACT

Objective: This study examines the global research landscape and emerging trends regarding 
the impact of climate change on cardiovascular diseases.

Method: A total of 689 articles, published between 2015 and 2025 and indexed in the 
Web of Science database, were analyzed. Bibliometric techniques, including trend analysis 
and keyword frequency evaluation, were employed to assess the evolution of the field and 
identify predominant themes. Additionally, thematic clustering based on abstract analysis was 
conducted to explore research domains and the interconnections between climate change and 
cardiovascular health.

Results: The analysis revealed that research is primarily concentrated in "Environmental 
Science" (n=470), "Cardiac and Cardiovascular Systems," and "Environmental Studies." Highly 
cited articles emphasized the critical significance of extreme temperatures and air pollution on 
cardiovascular mortality. Leading contributors in the field specialize in "global warming" and 
"clinical epidemiology." However, the findings indicate that international collaboration among 
authors and countries remains relatively limited.

Conclusion: Scientific interest in the intersection of climate change and cardiovascular 
diseases has intensified significantly over the past five years, underscoring its growing global 
importance. The concentration of research within specific silos and the limited degree of 
international cooperation highlight an urgent need for interdisciplinary initiatives to guide 
future studies in this field.

Keywords: Bibliometric analysis, cardiovascular diseases, climate change, data visualization

ÖZET

Amaç: Bu çalışmanın amacı, iklim değişikliğinin kardiyovasküler hastalıklar üzerindeki etkisine 
ilişkin temel unsurları ve küresel eğilimleri analiz etmektir.

Yöntem: 2015–2025 yılları arasında yayımlanmış ve Web of Science veri tabanında indekslenmiş 
toplam 689 makale incelenmiştir. Araştırmaların zaman içerisindeki gelişimini değerlendirmek 
ve temel temaları ortaya koymak amacıyla eğilim analizi ile anahtar kelime sıklığı analizi gibi 
bibliyometrik yöntemler kullanılmıştır. Ayrıca, iklim değişikliği ve kardiyovasküler hastalıklar 
alanındaki araştırma alanlarını ve bu alanlar arasındaki ilişkileri belirlemek üzere makale 
özetlerine dayalı tematik kümeleme analizi gerçekleştirilmiştir.

Bulgular: Analiz sonucunda çalışmaların büyük ölçüde "Çevre Bilimleri" (n=470), "Kalp ve 
Kardiyovasküler Sistemler" ile "Çevre Çalışmaları" gibi alanlarda yoğunlaştığı ortaya konmuştur. 
En çok atıf alan makalelerin incelenmesi, aşırı sıcaklık ve hava kirliliğinin kardiyovasküler 
mortalite üzerindeki etkilerinin özellikle önemli konular arasında yer aldığını ortaya koymuştur. 
Ayrıca, iklim değişikliği ve kardiyovasküler hastalıklar alanındaki önde gelen yazarların genellikle 
"küresel ısınma" ve "klinik epidemiyoloji" konularında uzmanlaştıkları belirlenmiştir. Tüm bu 
gelişmelere rağmen, yazarlar ve ülkeler arasındaki uluslararası iş birliğinin nispeten sınırlı kaldığı 
görülmüştür.

Sonuç: Elde edilen bulgular, özellikle son beş yıl içerisinde iklim değişikliği ve kardiyovasküler 
hastalıklar konusundaki bilimsel ilginin belirgin şekilde arttığını ve bu alanın küresel düzeyde 
önem kazandığını ortaya koymaktadır. Ayrıca, araştırmaların belirli uzmanlık alanlarında 
yoğunlaşması ve araştırmacılar arasındaki iş birliğinin sınırlı düzeyde kalması, bu alandaki 
gelecekteki çalışmaların yönünü belirlemek amacıyla disiplinler arası iş birliğinin güçlendirilmesi 
gerekliliğini vurgulamaktadır.

Anahtar Kelimeler: Bibliyometrik analiz, kardiyovasküler hastalıklar, iklim değişikliği, veri 
görselleştirme
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Introduction
Climate change is defined as long-term and permanent 
alterations in the Earth's climate system, resulting from 
both natural processes and human activities (anthropogenic 
factors).1 One of the primary causes of this change, the use 
of fossil fuels, poses serious threats not only to environmental 
balance but also to public health.1 Among the diseases 
most affected by the health impacts of climate change are 
cardiovascular diseases (CVDs), which reflect the consequences 
of climate change on health in their most intense form.2 
Climatic changes affect the cardiovascular system not only 
through indirect effects, such as limited access to healthcare, 
increased socioeconomic inequalities, and the burden of 
disasters on the health system, but also through direct 
physiological effects, including extreme temperatures and air 
pollution.3,4 Excessive temperatures can overwhelm the body's 
thermoregulation capacity, increasing cardiovascular load and 
leading to severe outcomes such as heatstroke, arrhythmias, 
and myocardial infarction.3–5 Rising temperatures also 
increase the concentrations of air pollutants such as ozone, 
particulate matter (PM2.5), and nitrogen dioxide (NO2) in the 
atmosphere; these pollutants contribute to the development 
of CVD by triggering inflammatory processes and mechanisms 
such as endothelial dysfunction and vasoconstriction.6,7 Older 
individuals and those with chronic diseases are particularly 
vulnerable to these pollutants.6,7 Indeed, there is strong 
evidence linking both short- and long-term exposure to 
PM2.5 with CVD morbidity and mortality.8

According to the World Health Organization, 99% of the 
world's population is exposed to air pollution levels above the 
recommended PM2.5 limits.9 This poses a serious threat not 
only to individual health but also to public health policies, 
environmental sustainability, and the resilience of health 
systems.9 Globally, CVDs are the leading cause of death, with 
20.1 million deaths reported in 2021 due to these diseases.9,10 
Over the past 30 years, CVD-related deaths have increased by 
approximately 70%.9,10 In light of these data, studies examining 
the relationship between climate change and cardiovascular 
diseases are crucial for reshaping public health policies and 
developing sustainable healthcare management strategies.

This bibliometric study aims to systematically explore the 
interaction between climate change and cardiovascular diseases 
in the academic literature, providing direction for future research 
and policy development processes.

Research Questions

1.	 In which years have the most studies related to this topic 
been conducted?

2.	 What are the most frequently used keywords in the studies?

3.	 Who are the most prolific authors in this field?

4.	 In which countries have the most publications been 
produced?

5.	 Which studies are most frequently cited?

6.	 What are the emerging trends in these studies?

Methods
The data for this study was obtained through a literature search 
conducted in the Web of Science Core Collection database using 
the keywords "cardiovascular diseases" and "climate change." As 
a result of the search, a total of 689 articles published between 
2015 and 2025 were included in the analysis. The dataset 
includes multidimensional bibliographic information such as 
publication type, author details, article titles, abstracts, citation 
counts, and WoS category classifications. The overall flow of the 
study is presented in Figure 1.

Bibliometric Analysis Process
To examine research trends and the evolution of scientific 
production over time, publication distribution by year and 
keyword frequency analyses were conducted. This approach 
allowed for the identification of the increasing trend in scientific 
publications in the relevant field over the years, as well as the 
evolution of topics over time. Keyword trends enabled the 
tracking of concepts that emerged prominently in specific 
periods, offering valuable insights into the transformation of 
trends and themes in the literature.

Visualization and Network Analysis
The collected data were analyzed using the VOSviewer software. 
VOSviewer was utilized to visualize structural relationships 
such as author collaborations, country connections, citation 
networks, and keyword co-occurrence networks. These 

MAIN POINTS
■	 The number of publications on climate-related cardiovascular 

health impacts has significantly increased over the past five years.
■	 Heatwaves, air pollution, and environmental disasters are 

identified as major climate-related factors contributing to 
cardiovascular morbidity and mortality.

■	 The United States and European countries are leading in research 
output in this interdisciplinary field.

■	 Future studies are needed to develop adaptive health strategies 
and policies to mitigate the cardiovascular risks associated with 
climate change.

Figure 1. Flowchart of the study.
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analyses particularly revealed the most prolific countries, active 
authors, institutional collaborations, and thematic clusters. This 
approach helped identify influential actors in the literature and 
geographical concentrations of knowledge production.

Topic Modeling: Application of LDA
To identify emerging themes in the literature on cardiovascular 
diseases and climate change, a topic modeling approach was 
employed. In this context, the Latent Dirichlet Allocation (LDA) 
algorithm was applied. LDA is a natural language processing-
based method developed to uncover latent thematic structures in 
text data. The analysis was performed using the title and abstract 
sections of the articles as text data. LDA assumed that each 
document could contain multiple topics in varying proportions 
and proceeded to optimize topic-word and document-topic 
distributions through multiple iterations, statistically defining the 
prominent themes in the literature. This process was regarded 
as an effective method for classifying content density in large 
datasets and visualizing hotspots in the research field. The 
analysis was carried out using the Python programming language 
through the Scikit-learn library.

Results
The dataset obtained using the query “cardiovascular diseases 
AND climate change” from WoS contains 689 articles.

Volume and Growth Trends of Research on the 
Impact of Climate Change on Cardiovascular Diseases
The publication trends observed in studies examining the impact 
of climate change on cardiovascular diseases over the last decade 
are notable. In this regard, the highest number of publications was 
reached in 2024, with a total of 201 articles published that year. 
In general, a significant upward trend in publication numbers over 
the years was observed. This increase became more pronounced 
from 2019 onwards, with the publication count nearly doubling 
in the past three years. The distribution of annual publications 
between 2015 and 2025 is visually presented in Figure 2.

Research Areas on the Impact of Climate Change on 
Cardiovascular Diseases
Upon examining the research categories, it was observed that 
the obtained themes were clearly reflected. The research 
category with the highest number of publications in the dataset 
is "Environmental Science" (n=470). This category is followed by 
"Cardiac and Cardiovascular Systems" (n=119) in second place. 
In third place, the "Environmental Studies" category holds 38 
publications. The research area with the fewest publications is 
"Energy Fuels," with only 11 publications (Figure 3).

In this study, a different approach was adopted for identifying the 
main themes from a collection of scientific abstracts, differing 
from standard bibliometric analysis methods. Initially, all entries 
without an abstract were excluded from the analysis. Then, the 
text of each abstract was transformed into word lists using the 
CountVectorizer technique, excluding common English words 
such as "the" and "is." This process ensured that the abstracts 
were converted into a format suitable for numerical analysis.

Figure 2. The count of publications by year.

Figure 3. Frequency of research areas.
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Topics on Climate Change and Cardiovascular 
Diseases
The method used to identify the main themes is known as Latent 
Dirichlet Allocation (LDA). LDA is a widely used topic modeling 
technique that identifies frequently occurring word clusters 
(topics) within a collection of texts. In applying this method, 
topic numbers ranging from 2 to 6 were examined in order to 
determine the optimal number of topics that best reflect the 
essence of the abstracts. For each topic number, the model's 
performance was evaluated using two metrics: log-likelihood 
and perplexity. Log-likelihood measures how well the model 
predicts the words in the abstracts, while perplexity indicates 
how "surprised" the model is by the terms in the abstracts. Lower 
perplexity values suggest a more accurate model.

As a result of these analyses, it was determined that the 
optimal number of topics—those that effectively capture the 
fundamental themes of the abstracts without being too broad or 
too narrow—is two. Therefore, the articles were evaluated based 
on two main themes (Figure 4).

Based on the topics obtained through the LDA analysis of the 
abstracts, the meaning of each topic is presented below.

Topics Obtained from Latent Dirichlet Allocation 
(LDA) Analysis of Abstracts
Topic 1: Cardiovascular Diseases and Environmental Factors

Keywords: cardiovascular, health, diseases, air, disease, pollution, 
review, factors, risk, environmental

This theme includes cardiovascular diseases within the context 
of air pollution, environmental factors, risk factors, and general 
public health.

Topic 2: Temperature, Climate, and Cardiovascular Mortality

Keywords: health, temperature, cardiovascular, diseases, related, 
mortality, disease, increase, CVD, effects

This theme revolves around the effects of temperature related 
to climate change and its consequences on CVD (cardiovascular 
disease) mortality.

Most Cited Articles in Cardiovascular Disease and 
Climate Change Research
Table 1 presents data on the top 10 most cited articles. According 
to the data, the cohort study predicting excess cardiovascular 
mortality rates attributed to air pollution has received 616 
citations.10 The article was published in the European Heart 
Journal.

The second most cited study is by Burak Ahmad,11 published in 
Circulation. This article, titled "Associations Between Extreme 
Temperatures and Cardiovascular Cause-Specific Mortality: 
Results From 27 Countries," has received 157 citations.11 
The study examined the relationships between extreme 
temperatures and cardiovascular cause-specific mortality rates 
in a multinational sample, yielding significant results.11

Khraishah et al.’s12 article on the effects of climate change on 
cardiovascular health and disease has received 138 citations.

Publications in Cardiovascular Diseases and 
Climate Change Research
The top 10 journals with the highest number of publications on 
the topic are shown in Figure 5. Among the journals with the 
most publications, the first place is shared by the International 
Journal of Environmental Research and Public Health and 
Science of the Total Environment, each with 13 articles. 
Following these, the journal Environment International has 
published 10 articles. The journals Environmental Research and 
International Journal of Biometeorology have each contributed 
9 articles to the literature, making significant contributions to 
the field.

Co-occurrence of Author Keywords in Cardiovascular 
Diseases and Climate Change Research
In VosViewer’s network visualization technique, each element 
is typically represented by a circle, often accompanied by a 
label. The size of the label and circle reflects how frequently 
the element appears in the studies; frequently used terms 
are displayed in larger sizes. The colors of the elements help 
distinguish groups (clusters) that share similar characteristics, 
while the lines between elements represent the level of 
co-occurrence of terms.

Figure 6 visualizes the co-occurrence relationships of author 
keywords used in research on cardiovascular diseases and climate 
change. The analysis revealed that prominent common keywords 
include terms such as "climate change," "cardiovascular disease," 
"global warming," "clinical epidemiology," "food quality," and 
"hypertension."

Figure 4. Topics obtained by the Latent Dirichlet Allocation 
analysis of abstracts.

Figure 5. The most frequently published journals.
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Each color represents a separate cluster of frequently co-occurring 
keywords in the literature. For example, the brown cluster 
contains terms such as "clinical epidemiology," "human health," 
and "adaptation strategy," indicating that these topics are often 
addressed together. The analysis identified five distinct clusters 
of keywords within the literature, each reflecting different 
orientations and thematic structures of the research in this field.

Author and Country Collaborations
Collaborative studies conducted by researchers, scientists, or 
healthcare professionals from different countries are defined 
under the concept of "international collaboration." These 
collaborations facilitate the exchange of information. Figure 7 
presents network visualizations of collaborations at both the 
author and country levels. In the visualization, nodes represent 
countries or authors, while the lines between these nodes 
indicate existing collaborations. As the number of connections 
between two nodes increases, the lines thicken, reflecting the 
intensity of the collaboration.

Upon analyzing the data, it is noteworthy that the United States 
is at the center of author collaborations. However, in general, 
scientific collaborations between countries are relatively limited, 
and international interactions in this field remain at a low level. 
This suggests that despite the global nature of the issue, there is 
a need to increase collaborative efforts in this area.

Discussion
This study performed a bibliometric analysis of all publications 
between 2015 and 2025 in the field of cardiovascular diseases 
and climate change using Python programming and VosViewer 
software. Key articles, the most cited publications, and emerging 
trends were identified. As the understanding of the interactions 
between health and the environment gains increasing importance 
in line with the Sustainable Development Goals (SDGs), the lack 
of a similar study that determines the trends, collaborations, 
and recent developments in cardiovascular diseases and climate 
change, as well as visualizes them, indicates that this study will 

Table 1. Top 10 most cited articles

Authors Publication 
year

Source title Times cited, 
all databases

Lelieveld et al.10 2019 Cardiovascular disease burden from ambient air pollution in Europe reassessed using 
novel hazard ratio functions 616

Alahmad et al.11 2023 Associations Between Extreme Temperatures and Cardiovascular Cause-Specific 
Mortality: Results From 27 Countries 157

Khraishah et al.12 2022 Climate change and cardiovascular disease: implications for global health 138

Bai et al.14 2018 Increased coronary heart disease and stroke hospitalizations from ambient 
temperatures in Ontario 88

Phung et al.20 2016 The effects of high temperature on cardiovascular admissions in the most populous 
tropical city in Vietnam 74

Royé et al.23 2021 Effects of Hot Nights on Mortality in Southern Europe 72

Liu et al.26 2023 Interactive effects of ambient fine particulate matter and ozone on daily mortality in 
372 cities: two-stage time series analysis 63

Lu et al.24 2020
Temporal trends of the association between ambient temperature and 
hospitalizations for cardiovascular diseases in Queensland, Australia from 1995 to 
2016: A time-stratified case-crossover study

65

Tsangari et al.25 2016 Extreme weather and air pollution effects on cardiovascular and respiratory hospital 
admissions in Cyprus 51

Luo et al.17 2017 Effect modification of the association between temperature variability and daily 
cardiovascular mortality by air pollutants in three Chinese cities 50

Figure 6. The overlay visualization of co-occurrence author keywords.
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make a significant contribution to the literature. Moreover, this 
study is expected to shed light on multidisciplinary research.

In our study, a total of 689 articles containing the identified 
keywords between 2015 and 2025 were detected. It was found that 
the number of publications has shown an increasing trend over the 
years. This rise is thought to be associated with global initiatives 
such as the United Nations Sustainable Development Goals and 
the Paris Climate Agreement, announced in 2015, which led to 
an increase in awareness regarding the health impacts of climate 
change.8,9 Additionally, reports from the Lancet Countdown and 
the World Health Organization's climate-health policies are also 
key global developments supporting this increase.8,9

When examining research areas (Figure 3), it was observed 
that the most frequently encountered area was Environmental 
Science, followed by Cardiac and Cardiovascular Systems. This 

finding indicates that the relationship between climate change 
and cardiovascular diseases is increasingly being addressed with 
an interdisciplinary approach.

Environmental Science is an area that provides critical insights 
into topics such as the behavior of environmental pollutants, 
human impacts on the environment, human exposure, and health 
outcomes.13 It plays a fundamental role in understanding the health 
impacts of climate change. This field also supports the development 
of environmental improvement and management strategies.

In contrast, the Cardiac and Cardiovascular Systems area focuses 
on the prevention, diagnosis, treatment, and technological 
advancements related to heart diseases, concentrating on clinical 
research on cardiovascular health. This field is considered to be 
in a critical position for examining the effects of environmental 
factors on the cardiovascular system.

Figure 7. Network visualizations of co-authors' countries.
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The prominence of these two research areas highlights the 
importance of interdisciplinary collaboration and scientific 
integration in understanding the effects of environmental factors 
on cardiovascular health. It suggests that holistic approaches, 
incorporating both environmental and clinical perspectives, 
should be encouraged.

The grouping of the examined articles into two main themes 
indicates that climate change reflects the risk factors for 
cardiovascular diseases.

Topic 1: Cardiovascular Diseases and Environmental 
Factors
Studies under this theme generally focus on the effects of 
environmental factors on the development of cardiovascular 
diseases in the context of public health. With climate change, 
increased heatwaves, air pollution, and other environmental 
stressors have direct and indirect impacts on the cardiovascular 
system, increasing the disease burden. Many studies have shown 
that variables such as weather conditions and air quality play an 
important role in cardiovascular disease risk.14–16

Long-standing research supports the effects of environmental 
changes on cardiovascular diseases. For example, a large-
scale study conducted in China revealed that age-adjusted 
cardiovascular mortality rates between 1984 and 1999 increased 
by 50% in men and 27% in women due to environmental 
factors.17 Similarly, environmental improvements have had 
positive effects on cardiovascular diseases. For example, Finland 
experienced a 75% reduction in cardiovascular disease risk over 
a 20-year period, and Poland saw a 24% decrease in coronary 
heart disease-related deaths over 9 years.18

These findings align with the data obtained from our bibliometric 
analysis. The determinative role of environmental factors on 
cardiovascular diseases becomes even more striking when 
considered independently of genetic factors. Research conducted 
on genetically identical individuals demonstrates the power of 
environmental effects. A study on Finnish immigrants found that 
individuals who moved to Sweden had lower cardiovascular disease 
rates compared to their relatives living in Finland. This difference 
was notably observed even in twins.19 This finding is significant as 
it shows that environmental factors shape cardiovascular disease 
risk independently of genetic predisposition.

Topic 2: Temperature, Climate, and Cardiovascular 
Mortality
This theme focuses on the effects of temperature fluctuations 
on cardiovascular mortality in the context of climate change. 
The literature has shown that extreme temperatures, both high 
heat (heatwaves) and sudden cold spells, lead to an increase 
in cardiovascular disease-related mortality.20–23 Increased 
temperature levels can trigger severe health problems such 
as heart attacks, strokes, and heart failure by disrupting 
thermoregulatory mechanisms.24–26

Studies indicate that older individuals, those with chronic 
diseases, and socioeconomically disadvantaged groups are more 
affected by these impacts.27,28 Meta-analysis studies, including 
research by Liu et al.,29 one of the most cited authors, show 
that cardiovascular mortality increases due to temperature 

rise in several countries. This effect is noted to vary depending 
on geographical and climatic differences. It is emphasized 
that temperature-related mortality is not solely confined to 
climate change but is also closely related to factors such as the 
adaptability of individuals, urbanization levels, and how well 
health systems are prepared for such environmental stressors.

Articles under this theme highlight the direct effects of 
temperature on cardiovascular health and provide projections 
of increased cardiovascular mortality due to climate change in 
the future.

When the dataset was examined (Table 1), it was found 
that the most cited study was a cohort study by Lelieveld et 
al.10 that estimated the cardiovascular disease burden due to 
environmental air pollution in Europe. The reason for its high 
citation is its integration of air pollution exposure data across 
28 European Union member states and the calculation of the 
effects. Such a large-scale analysis has not only contributed to 
scientific knowledge but has also shown that replacing fossil 
fuels with clean and renewable energy sources can reduce life 
expectancy loss due to air pollution.

The second most cited study involved a large and diverse sample 
from 27 different countries. This large-scale sample is considered 
one of the main reasons for the study's high influence.11 The third 
most cited study, a review article, identifies environmental factors 
that cause cardiovascular diseases and the most vulnerable 
population groups to the health effects of climate change.12 The 
study's focus on scientific, managerial, and political collaborations 
and its detailed examination of potential mitigation strategies has 
also contributed to its high citation potential.

Overall, when analyzing citations, it is evident that studies largely 
focus on risk assessments of cardiovascular diseases and related 
environmental factors in specific geographic regions.

The key findings from the analysis of keywords reveal that 
terms such as "climate change," "cardiovascular disease," 
"global warming," "clinical epidemiology," "food quality," and 
"hypertension" dominate. These keywords align closely with the 
core focus areas of the studies and reflect the increasing scientific 
interest in the causal relationship between climate change and 
cardiovascular diseases.

The rise in the number of publications over the last decade 
indicates growing scientific awareness of the impacts of climate 
change on cardiovascular diseases. The marked increase in 
publications in the past five years suggests that the consequences 
of the climate crisis on health are receiving more attention 
globally. This trend highlights the strengthened interest of both 
the academic community and policymakers in the health impacts 
of environmental factors. Moreover, it underscores the need for 
more comprehensive, interdisciplinary research in the future.

Limitations
Since the study is based on specific databases, some publications 
or research not included in these databases were excluded from the 
analysis. Additionally, the bibliometric methods used focus solely 
on the numerical and relational analysis of the publications and do 
not provide an in-depth qualitative analysis of the content. These 
limitations may restrict the generalizability of the results obtained.
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Conclusion
This study has conducted a bibliometric analysis of publications 
on cardiovascular diseases and climate change from 2015 to 
2025, revealing significant trends. The results indicate that 
research in this field is steadily increasing, and awareness of 
the impact of environmental factors on cardiovascular health 
is rising. In particular, the negative effects of temperature 
fluctuations and environmental stressors on health have been 
highlighted, and it is concluded that more interdisciplinary 
collaborations and greater attention from policymakers are 
needed. Future research in this area is expected to contribute 
to a deeper understanding of the relationship between climate 
change and health.
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