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Abstract

In recent decades, environmental pollution
has become a pressing global health concern.
According to the World Health Organization
(WHO), a significant portion of the popula-
tion is exposed to air pollutant levels exceed-
ing safety guidelines. Cardiovascular diseases
(CVDs) — including coronary artery disease,
heart attacks, and strokes — are particularly
significant health effects of this exposure. In
this paper, we investigate the effects of air pol-
lution on cardiovascular health by constructing
a dynamic knowledge graph based on exten-
sive biomedical literature. This paper provides
a comprehensive exploration of entity identifi-
cation and relation extraction, leveraging ad-
vanced language models. Additionally, we
demonstrate how in-context learning with large
language models can enhance the accuracy and
efficiency of the extraction process. The con-
structed knowledge graph enables us to analyze
the relationships between pollutants and car-
diovascular diseases over the years, providing
deeper insights into the long-term impact of
cumulative exposure, underlying causal mecha-
nisms, vulnerable populations, and the role of
emerging contaminants in worsening various
cardiac outcomes.

1 Introduction

Over the past few decades, the increasing lev-
els of environmental pollution have emerged as a
formidable global health crisis. The World Health
Organization (WHO) has reported that nearly 99%
of the world’s population breathes air that contains
pollutant levels exceeding established safety guide-
lines (Organization et al., 2016). This exposure
is particularly severe in low- and middle-income
countries, where industrial activities, urbanization,
and insufficient regulatory measures exacerbate air
quality issues. Among the various health effects
attributed to pollution, its impact on cardiovascular
diseases (CVDs) is particularly concerning (Ra-
jagopalan et al., 2018). CVDs encompass a wide

range of conditions, including coronary artery dis-
ease, heart attacks, strokes, and heart failure. These
diseases are not only prevalent but also represent
a leading cause of morbidity and mortality world-
wide. The mechanisms by which air pollutants
influence cardiovascular health are multifaceted,
involving both direct effects on the cardiovascular
system and indirect effects through exacerbating
existing risk factors such as hypertension and dia-
betes.

Recent studies have demonstrated that pollutants
such as fine particulate matter (P M), heavy metals,
and toxic gases have a significant impact on car-
diac health (Basith et al., 2022; Zhang et al., 2022,
2016). Research conducted by the United States
Environmental Protection Agency (EPA) indicates
that exposure to elevated concentrations of PM5 5,
even over a short duration of a few hours to weeks,
can trigger heart attacks and fatalities associated
with cardiovascular diseases. Prolonged exposure
to these pollutants is linked to an increased risk of
cardiovascular mortality and a reduction in life ex-
pectancy (Beelen et al., 2014). Furthermore, a sub-
stantial body of epidemiological evidence reveals a
strong correlation between air pollutants and rising
rates of cardiovascular diseases, including heart
failure (Jia et al., 2023). Animal studies also cor-
roborate these findings, illustrating that exposure
to pollutants can elevate the likelihood of condi-
tions such as thrombosis and atherosclerosis (Sun
et al., 2005). These insights underscore the urgent
need for comprehensive public health interventions
aimed at reducing air pollution and mitigating its
adverse effects on cardiovascular health.

However, current findings do not demonstrate
how cumulative exposure impacts cardiovascular
health over decades, the precise causal pathways by
which these pollutants lead to cardiovascular dam-
age. Additionally, it is crucial to identify which
populations are most vulnerable to specific pol-
lutants and the reasons behind their susceptibil-
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Figure 1: Sample PubMed abstract with highlighted entities.

ity, which may include genetic predispositions,
environmental factors, pre-existing health condi-
tions, and lifestyle choices. Moreover, there is
a growing concern regarding new pollutants and
emerging contaminants—such as microplastics and
various industrial chemicals—that remain under-
researched in the context of cardiovascular health.
Motivated by these gaps, In this study, we seek to
address several of these issues by constructing a
comprehensive knowledge graph ‘PollCardioKG’
that visualizes the causal relationships between pol-
lutants and cardiovascular diseases, based on an
extensive review of scientific PubMed abstracts.
We also investigate how varying concentrations of
pollutants affect cardiovascular health differently
across diverse populations. This knowledge will
enhance our understanding of the mechanisms by
which pollutants contribute to cardiovascular dis-
eases and inform the development of more effective
public health strategies to mitigate their impact.
The remainder of this article is organized as
follows: In the next section, we provide a brief
overview of related works conducted by previous
researchers in this field. In Section 3, we detail our
methodology for dataset collection, data represen-
tation, and knowledge graph generation. Section 4
presents our results along with a thorough analysis
of the experimental findings. Finally, in Section 5,
we draw conclusions based on our analysis, and in
Section 6, we discuss the limitations of our study.

2 Related works

2.1 Empirical Experiments on the effect of
pollutants on cardiovascular diseases

Over the years, a wealth of empirical studies con-
ducted by various researchers has provided critical
insights into the relationship between pollutants

and cardiovascular diseases. For instance, Feng
and Yang (Feng and Yang, 2012) demonstrated a
clear association between exposure to fine partic-
ulate matter (PMs 5 and PMi) and an increased
risk of developing cardiovascular diseases. In a
subsequent study, Miller et al. (Miller and Newby,
2020) found that exposure to particulate matter, par-
ticularly ultrafine particles originating from diesel
emissions, is linked to heightened cardiovascular
risks, including coronary artery disease, hyperten-
sion, and arrhythmias. More recently, Lederer et
al. (Lederer et al., 2021) emphasized the signifi-
cant role of pollutants such as P M5 5 and nitrogen
dioxide (NOs) in elevating cardiovascular morbid-
ity and mortality rates. Their findings indicated
that P M, 5 is associated with oxidative stress and
thrombosis, while NOs is linked to systemic in-
flammation and autonomic dysfunction.

2.2 Computational models on the effect of
pollutants on cardiovascular diseases

In this era of artificial intelligence, a growing num-
ber of researchers are employing various machine
learning and deep learning techniques to under-
stand and predict the impacts of pollutants on car-
diovascular health. For example, in 2017, Park
et al. (Park et al., 2017) developed an Environ-
mental Risk Score (ERS) to estimate the health
effects of pollutant mixtures. Their study high-
lighted the cumulative risks associated with expo-
sure to pollutants such as cadmium, arsenic com-
pounds, cobalt, and barium, particularly in relation
to gamma-glutamyl transferase levels and hyper-
tension. More recently, in 2022, Lee et al. (Lee
et al., 2022) utilized a range of machine learning
models to predict non-accidental mortality due to
cardiovascular and respiratory causes, leveraging
meteorological data alongside air pollution metrics.
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Figure 2: Prompt template used for entity identification and relation extraction.

While most of these studies have concentrated
on the effects of air pollution on the cardiovascular
system using location-specific pollution data, our
study adopts a more comprehensive approach. By
examining the multifaceted impacts of pollutants
on cardiovascular diseases across diverse locations
and populations, we aim to provide a broader un-
derstanding of this critical issue. Our analysis of a
wide range of pollution-related scientific literature
not only deepens our insights into the established
effects of traditional pollutants but also highlights
the potential risks associated with new and emerg-
ing contaminants. This holistic perspective is essen-
tial for developing effective public health strategies
to mitigate the adverse impacts of pollution on car-
diovascular health.

3 Proposed Methodology
3.1 Downloading PubMed Abstracts

In our work, we have collected a total of 4,716
PubMed abstracts ! published between 2012 and
the present, using the Metapub library, focusing
on the keywords “cardiovascular disease” and “air
pollution”. Each abstract is assigned a unique iden-
tifier, referred to as ‘pmid’. Additionally, we ex-
tracted the publication year of each study, enabling
us to perform a temporal analysis to track how the
relationship between pollutants and cardiovascu-
lar health has evolved over time. These abstracts
provide a wealth of information, often containing
valuable details such as pollutant names, pollutant
concentrations, associated cardiovascular diseases,

"https://pubmed.ncbi.nlm.nih.gov/

geographical locations, and the specific target popu-
lations studied. Figure 1 presents a sample PubMed
abstract with various portions of text color-coded
to highlight these different entities, offering insight
into the richness of the data and the variety of fac-
tors considered in these studies.

3.2 Entity Identification

From each of the collected PubMed abstracts, we
extracted the following entities and relations:

* Pollutant Names (P): The pollutants men-
tioned in the abstract.

 Pollutant Levels (C): The concentration lev-
els of the pollutants.

* Disease Names (D): The diseases or health
conditions linked to the pollutants.

* Study Location (Loc): The location where
the study was conducted.

* Population Details (S): The demographic de-
tails of the affected population.

We experimented with various large language mod-
els (LLMs) such as —Llama2-7B (Touvron et al.,
2023), Llama-3-8B (Dubey et al., 2024), Asclepius-
7B (Wang et al., 2024), PMC-LLaMA-7B (Wu
et al., 2024), GPT-4 (Waisberg et al., 2023) —for
this entity extraction task. A variety of prompts
were tested, and the one displayed in Figure 2
yielded the best results, as measured by human
evaluation.



3.3 Entity Standardization

The pollutants and diseases extracted from the
LLM are not always in a standardized form. For
example, the pollutant “ultrafine particles” may be
referred as “ufp”, “pm < 0.01pm aerodynamic
diameter” in different articles. Similarly, disease
names like “Hypertension” may appear as “High
Blood Pressure”, “Arterial Hypertension”, or “Hy-
pertensive Disorder” in various research.

To address this variability, all extracted entities
were standardized using the Unified Medical Lan-
guage System (UMLS) Metathesaurus (Schuyler
et al., 1993), which provides a comprehensive list
of terms and assigns a Concept Unique Identifier
(CUI) to each. However, we found that some en-
tities did not match any UMLS concept exactly.
To resolve this, we applied an approximate string-
matching algorithm based on the Levenshtein dis-
tance measure (Yujian and Bo, 2007) to identify
the closest UMLS concept. For entities that could
not be mapped to any UMLS concept, we created
unique identifiers to ensure that no entities were
overlooked.

3.4 Relation Extraction

Subsequently, we analyze the relationships be-
tween all extracted pollutant-disease pairs, clas-
sifying them into categories such as ‘cause’, ‘may
cause’, and ‘does not cause’. In this study, we em-
ploy a Chain of Thought (CoT) framework with
In-Context Learning (ICL) to leverage the inherent
capabilities of LLMs for relation extraction within
a few-shot learning paradigm. This approach strate-
gically incorporates in-context learning by embed-
ding a set of 10 curated examples into the model’s
prompt. Each example consists of a text passage, a
detailed step-by-step explanation of the reasoning
process, and the resulting relation triples, which
guide the model in identifying and reasoning about
the relationships among entities in the given texts.
The prompt examples cover three primary rela-
tion types—°‘cause’, ‘may cause’, and ‘does not
cause’—and involve entities identified as Pollutant
Names (P) and Disease Names (D).

For illustration, consider the following example
included in the model’s prompt:

Instruction: Identify the relationship among the
entities [Pollutant: NO2 and Disease: ischemic
stroke] in the given text, categorizing it as one
of cause’, may cause’, or ‘does not cause’, and
provide a reasonable explanation.

Text: "Polish smog is a specific type of air pollu-
tion present in Eastern Poland, which causes partic-
ularly adverse cardiovascular effects. Additionally,
PM and nitrogen dioxide (NO2) have an impact on
mortality due to acute coronary syndrome (ACS)
and ischemic stroke (IS)."

Explanation: PM and nitrogen dioxide (NO2)
impact mortality due to acute coronary syndrome
(ACS) and ischemic stroke (IS).

Relations: [[“NO2”,
stroke™]]

This integration of in-context learning and logi-
cal reasoning underscores the robust capabilities of
advanced language models in addressing intricate
challenges in natural language understanding.

“causes”, ‘“‘ischemic

3.5 Building Knowledge Graph

Once all pollutant and disease names were stan-
dardized, we constructed a knowledge graph to
provide a structured representation of the complex
relationships between these entities (Fensel et al.,
2020). In this graph, pollutants and diseases are rep-
resented as nodes, while the relationships between
them (e.g., causes or may cause) are depicted as
directed edges from pollutants to diseases. Where
available, additional attributes such as pollutant
concentration levels and demographic information
(e.g., location, age group, gender) were attached to
the corresponding nodes. This knowledge graph
facilitates a clearer understanding of how specific
pollutants are linked to diseases and enables ex-
ploration of broader patterns and connections. It
also highlights how certain diseases may be related
through common pollutants and identifies key pol-
lutants and diseases, thereby revealing the most
significant relationships within the data.

4 Results and Discussions

In this section, we evaluate the performance of
various large language models (LLMs) in extract-
ing entities and their relationships. Furthermore,
we conducted a temporal analysis to examine the
variation of each pollutant, disease, and their inter-
relationships over time.

After the pre-processing step outlined in Sec-
tion 3, which involved 4,716 PubMed abstracts,
we compiled a comprehensive list of 300 unique
pollutants and approximately 936 unique disease
names. We then evaluated the performance of var-
ious large language models (LLMs) for entity ex-
traction, comparing their outputs with expert anno-
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tations. Our analysis revealed that both LLaMa-2-
7B and LLaMa-3-8B models often struggled with
accurately identifying disease names, frequently
mislabeling conditions. For example, the LL.aMa
models generated ‘Stroke’ in place of ‘Decreased
HDL level’ and identified ‘cardiovascular risk’ in-
stead of ‘ischemic heart disease’.

To quantify the performance of these models,
we calculated the Mean Entity Extraction Accu-

racy (MEEA), defined by % Zfi 1 Zgzg where N
represents the total number of abstracts, n(F) de-
notes the number of entities annotated by human
experts, and n(E) represents the number of entities
correctly identified by the LLMs. Among the eval-
uated models, GPT-4 emerged as the most effective
in accurately identifying both pollutant and disease

names, as illustrated in Figure 3.

Subsequently, we constructed the knowledge
graph, named ‘PollCardioKG’, which encapsulates
a total of 1,907 nodes, consisting of 1,029 pollutant
nodes and 878 disease nodes, connected by 5,618
edges. This graph provides a comprehensive view
of the complex relationships between pollutants
and cardiovascular diseases. To enhance its gran-
ularity, multiple nodes were created for the same
pollutant to represent varying concentration lev-
els, where such data was available. This structure
allows for the differentiation of effects based on
pollutant exposure levels, offering deeper insights
into potential dose-response relationships.

Figure 4 presents a snippet of the knowledge
graph, where pollutant nodes are highlighted in red,
and disease nodes are marked in blue. The directed
edges between these nodes represent relationships
such as causality or association.

Furthermore, we utilized the study year of each
abstract as the time variable for this analysis to ex-
amine how pollutant levels and disease rates have
changed over time. This approach allows us to
identify long-term trends and patterns, as well as
to detect any unusual or unexpected fluctuations
in both pollutant concentrations and disease inci-
dence.

4.1 Longitudinal Analysis of Pollutants

Figure 5(a) illustrates the trends in the occurrence
of the top five pollutants identified in the PubMed
abstracts from 2012 to 2024. The data indicate a
clear upward trajectory for P My 5 exposure, which
peaked in 2022 before experiencing a slight de-
cline in subsequent years. This suggests that while
P Ms 5 remains a significant concern, there may be
emerging factors influencing its concentration or
reporting. Nitrogen Dioxide NO3) has similarly
demonstrated a steady increase, particularly accel-
erating after 2020, highlighting potential shifts in
air quality and pollution sources during this period.
In contrast, pollutants such as ozone (Os), carbon
monoxide (C'O), and sulfur dioxide (SO2) have
exhibited relatively stable trends, characterized by
minor fluctuations.

Furthermore, Figure 5(b) depicts the trends of
previously less significant pollutants that have
gained increased attention in recent years. Notably,
P M; has experienced a dramatic rise in mentions
starting from 2019, culminating in a peak in 2023
and maintaining elevated levels into 2024. This
surge in interest may reflect growing awareness of
the health impacts associated with ultrafine parti-
cles. Additionally, ammonium and cadmium have
shown significant increases in their occurrences
within the discussions during this timeframe. Am-
monium levels began to escalate after 2016, sug-
gesting a potential link to agricultural practices or
changes in atmospheric chemistry. Cadmium, in
particular, has seen a remarkable rise in mentions
from 2020 to 2024, signaling a need for further
investigation into its sources and health implica-
tions. Overall, these trends underscore the dynamic
nature of pollutant occurrences and highlight the
importance of ongoing research and monitoring
efforts to address emerging environmental health
concerns.

4.2 Longitudinal Analysis of Diseases

Figure 6(a) highlights trends of the top five dis-
eases in PubMed abstracts from 2012 to 2024,
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Figure 4: Snippet of ‘PollCardioKG’: pollutants are shown in red, diseases in blue, with edges representing causal

relationships.

showing a clear upward trajectory over time. Hy-
pertensive disease shows a significant rise, peak-
ing around 2018, with consistently high mention
rates thereafter. Ischemic Stroke and Atrial Fibril-
lation display gradual increases with slight fluctu-
ations, while Cardiometabolic Syndrome and Di-
abetes maintain a steady but less pronounced rise,
indicating continued relevance in medical research
and public health.

Moreover, Figure 6(b) illustrates the trends of
three specific diseases—Dyslipidemias, Metabolic
Diseases, and ST-segment elevation myocardial in-
farction (STEMI)—in PubMed abstracts from 2012
to 2024. STEMI shows significant peaks in 2017
and 2020, particularly the highest occurrence in
2017, likely due to heightened research activity
and updated clinical guidelines. Metabolic Dis-
eases demonstrate notable increases in 2017 and
2020, followed by a consistent rise from 2021 to
2024, indicating growing recognition of their health
impacts. In contrast, Dyslipidemias exhibit an ir-
regular pattern with spikes in 2013, 2017, 2019,
and a smaller rise in 2020, reflecting changes in
research focus. These trends underscore the evolv-
ing landscape of disease research and the need for
ongoing investigation into these conditions.

4.3 Trends of Pollutant Disease Correlation

Figure 7 highlights the increasing correlation be-
tween P M, the most frequently mentioned pollu-
tants—and various diseases from 2012 to 2024 in
PubMed abstracts. Both pollutants demonstrate a
significant rise in association with health conditions
such as hypertensive disease, cerebrovascular ac-
cidents, myocardial ischemia, and atherosclerosis,
particularly after 2018 for P M5 5. This trend em-
phasizes the growing awareness of the health risks
linked to fine particulate matter, underscoring the
necessity for continued research and public health
initiatives to address the adverse effects of these
pollutants on cardiovascular and cerebrovascular
health.

Figure 8 presents a comprehensive visualization
of the percentage of prevalent pollutant-disease cor-
relations. In this heatmap, darker colors indicate
stronger correlations, while lighter colors reflect
weaker ones. Environmental Tobacco Smoke and
Solid Fuel are notably associated with multiple dis-
eases, including Myocardial Infarction and various
Cardiovascular Events. Airborne Particulate Mat-
ter and Nitrogen Dioxide are significantly linked to
conditions such as Cerebrovascular Accidents and
Coronary Heart Disease. Additionally, pollutants
like Cadmium and Lead show selective associa-
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tions with Endothelial Dysfunction and Myocardial
Ischemia. These targeted correlations highlight the
substantial health impacts of even less common
pollutants, emphasizing the need for further inves-
tigation into their effects.

Furthermore, we explored the impact of varying
concentration levels of the same pollutant on dif-
ferent cardiovascular diseases. Figure 9 illustrates
the top five most commonly associated cardiovas-
cular diseases (CVDs) linked to different levels
of PMy 5 exposure. Overall, this comprehensive
analysis not only highlights critical pollutants that
significantly affect various health conditions but
also emphasizes the importance of addressing these
environmental factors to enhance public health out-
comes. By understanding these correlations, poli-
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Figure 8: Heatmap illustrating the correlation between
major pollutants and associated diseases.
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cymakers and health professionals can better strate-
gize interventions aimed at reducing exposure and
mitigating associated health risks.

5 Conclusions

This study explores the causal relationships be-
tween environmental pollutants and cardiovascular
diseases by constructing a comprehensive knowl-
edge graph. Analyzing around 4,700 PubMed ab-
stracts, we identified key pollutants and their asso-
ciated health risks, including hypertensive disease
and ischemic stroke. The knowledge graph reveals
both direct and complex interrelations, offering a
valuable tool for understanding the cardiovascular
impacts of air pollution. Future work will integrate
multimodal data to further enhance the analysis of
indirect effects and expand the graph’s scope for
public health insights.

6 Limitations

This analysis relies solely on PubMed abstracts,
which may lack detailed information on method-
ologies, pollutant concentrations, and demographic
factors, potentially limiting the depth of insights.
The use of specific keywords, such as “cardiovascu-
lar disease” and “air pollution”, might omit relevant
studies with alternative terminology. Furthermore,
while correlations between pollutants and diseases
are identified, determining true causality is diffi-
cult due to the potential influence of confounding
factors like socioeconomic conditions and lifestyle
behaviors.
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