Review Article

International Journal of Science and Healthcare Research
Vol. 9; Issue: 4; October-December 2024

Website: ijshr.com

ISSN: 2455-7587

The Link Between PM2.5 Exposure and
Cardiovascular Health Risks

Nonnara Nongphromma

Princess Chulabhorn Science High School Chonburi, Chonburi, Thailand

DOI: https://doi.org/10.52403/ijshr.20240412

ABSTRACT

A major environmental contaminant with
great consequences for cardiovascular
health is particulate matter with a size less
than 2.5 micrometres (PM2.5). The present
studies on the worldwide influence of
PM2.5 exposure on cardiovascular disease
risks are synthesised in this review.
Originating from both natural and manmade
sources, PM2.5 can pass far into the
respiratory tract and bloodstream to induce
systemic inflammation, oxidative stress, and
endothelial dysfunction. These systems help
different cardiovascular diseases to grow
and advance, so PM2.5 exposure becomes a
major public health issue. Although some
areas have improved in lowering PM2.5
levels, global average concentrations remain
high and especially impact low- and middle-
income nations. PM2.5-related
cardiovascular hazards disproportionately
affect vulnerable populations like the
elderly, children, and economically poor
areas. Effective interventions span policy-
level reforms to community projects and
personal protective actions. Effective case
studies show how much focused efforts can
help to enhance cardiovascular health
results and air quality. Combining strict
laws, creative monitoring technologies, and
public health initiatives, this assessment
emphasises the need of a multifarious
approach to handle PM2.5 pollution. Future
studies should concentrate on clarifying
biological processes, pinpointing vulnerable

prevalence of cardiovascular illness related
with PM2.5 exposure.

Keywords: PM2.5, Cardiovascular disease,
Air pollution, Environmental health, Global
health disparities

INTRODUCTION

Particulate matter with a diameter of less
than 2.5 micrometers, commonly known as
PM2.5, constitutes a significant
environmental pollutant with profound
health implications [1]. These fine particles
are small enough to penetrate deep into the
respiratory tract and even the bloodstream,
originating from both natural sources like
wildfires and volcanic activity, and human-
made sources such as combustion of fossil
fuels, industrial processes, and vehicle
emissions [2]. The chemical composition of
PM2.5, which can include metals, organic
compounds, and acidic ions, makes it
particularly harmful to human health [3].
Cardiovascular diseases (CVDs) are the
leading cause of death globally, responsible
for nearly one-third of all mortalities
worldwide [4]. Conditions under the CVD
umbrella include heart attacks, stroke, and
heart failure, which not only impose
significant health burdens but also entail
considerable economic costs. Traditional
risk factors for CVVDs such as smoking, diet,
and physical inactivity are well recognised
[5]. However, environmental factors,
particularly air pollution, have also been
acknowledged as crucial contributors to the

individuals, and creating reasonably priced incidence of cardiovascular  diseases.
treatments to lower the worldwide Evidence is mounting that prolonged
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exposure to high levels of air pollution,
especially PM2.5, increases the risk of
various cardiovascular conditions,
emphasising the importance of air quality as
a pivotal public health issue.

The objective of this literature review is to
compile and synthesise the existing research
on how PM25 exposure impacts
cardiovascular health risks. It will explore
the mechanisms through which PM2.5
influences the development and progression
of  cardiovascular  diseases,  review
epidemiological studies on the impact of
PM2.5 on the incidence and severity of
these diseases, and discuss the public health
implications of these findings. This review
will cover studies from various geographical
areas to offer a comprehensive view of the
global effects of PM2.5 on cardiovascular
health, taking into account differences in
exposure levels, population sensitivities, and
health outcomes. The goal is to underline
effective measures for mitigating the
adverse cardiovascular effects of PM2.5 and
to pinpoint areas where additional research
is needed to improve our understanding and
response to this critical environmental
health challenge.

GLOBAL EPIDEMIOLOGY OF PM2.5
EXPOSURE AND CARDIOVASCULAR
RISK

Particulate Matter (PM2.5) mortality rate
had been increased globally throughout the
time. Although the level of PM2.5 had been
decreasing in the range of 2000-2019, in
some areas which covers around 86% of
urban inhabitants still holds a high PM2.5
concentration level causing a cardiovascular
health hazard [6].

Ambient fine particulate matter (PM2.5)
significantly contributes to the global
disease burden and is listed by the WHO as
a top threat to global health due to its
medical and economic impact. Long-term
exposure to high PM2.5 levels is linked to
increased deaths from cardiovascular and
respiratory diseases, including stroke, lung
cancer, COPD, and ischemic heart disease
in adults, and acute lower respiratory

infection in children. Accurate exposure
assessment requires high-resolution data,
which is often limited. This study uses high-
resolution remote sensing data and the GBD

exposure-response  model to estimate
PM2.5-related deaths in 33 global
megacities over the past 20 years,

highlighting the higher health impact in
these densely populated areas. This research
uniquely assesses differences in PM2.5-
related cardiovascular and respiratory deaths
using city- and country-level mortality data,
emphasising the importance of evaluating
air  pollution's effects across entire
megacities rather than just urban centres.
The divergent trends in PM2.5 exposure
across regions highlight the complex
interplay between economic development,
environmental policies, and public health
outcomes. While developed nations,
particularly in North America and Europe,
have made significant strides in reducing
PM2.5 levels [7], the rapid industrialisation
in parts of Asia and Africa has led to
increased exposure [8]. This disparity
underscores the need for tailored approaches
to air quality management that consider
local contexts and development stages.

The persistence of high global average
PM2.5 levels, despite improvements in
some regions [9], suggests that localized
successes in air quality management may be
offset by deteriorating conditions elsewhere.
This emphasizes the importance of viewing
air pollution as a transboundary issue
requiring coordinated international efforts.
The strong associations between PM2.5
exposure and various cardiovascular
outcomes, as demonstrated by Rodriguez-
Rodriguez et al. [10] and Chen et al. [11],
reinforce the critical importance of air
quality in public health strategies. The
evidence for both acute and chronic effects
of PM2.5 on cardiovascular health suggests
that interventions should target both short-
term exposure spikes and long-term average
levels.

The findings on atherosclerosis progression
[12] are particularly concerning, as they
indicate that even relatively low levels of
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PM2.5 exposure can have cumulative
effects on cardiovascular health over time.
This challenges the notion of a "safe"
threshold for PM2.5 exposure and supports
calls for increasingly stringent air quality
standards.

The substantial mortality and morbidity
attributable to PM2.5 exposure, as reported
in the Global Burden of Disease study [13],
highlight air pollution as a major global
health risk factor. The disproportionate
burden borne by low- and middle-income
countries points to air pollution as an
environmental justice issue and a potential
driver of global health inequities.

The predominance of cardiovascular
diseases in PM2.5-related mortality [14]
suggests that air quality improvements
could yield significant benefits in reducing
the global burden of cardiovascular disease.
This aligns air pollution mitigation with
other major public health priorities,
potentially offering synergistic benefits in
health promotion efforts.

Policy Implications and Future Directions:
The reviewed literature underscores the
urgent need for robust policy interventions
to address PM2.5 pollution. While some
regions have demonstrated the effectiveness
of stringent regulations, the global nature of
the problem calls for international
cooperation and knowledge sharing.

FUTURE RESEARCH SHOULD

FOCUS ON SEVERAL KEY AREAS:

1. Mechanisms of cardiovascular harm:
Further elucidation of the biological
pathways through which PM2.5 affects
cardiovascular health could inform more
targeted interventions.

2. Susceptible populations: Identifying
groups particularly vulnerable to PM2.5
exposure could help prioritize protection
efforts.

3. Cost-effective interventions: Studies on
the economic impacts of air pollution
and the cost-effectiveness of various
mitigation strategies could inform policy
decisions.

4. Climate change interactions: As climate
patterns shift, understanding how these
changes might affect PM2.5 levels and
distribution is crucial for long-term
planning.

5. Innovative monitoring:  Developing
more accessible and widespread PM2.5
monitoring technologies could improve
our understanding of exposure patterns
and empower communities to advocate
for cleaner air.

The pervasive nature of PM2.5 pollution
and its significant impacts on cardiovascular
health demand a coordinated, multisectoral
response. By addressing this environmental
health challenge, there is potential not only
to reduce the burden of cardiovascular
disease but also to promote broader public
health and environmental sustainability
goals.

MECHANISMS OF
CARDIOVASCULAR HARM FROM
PM2.5

Understanding  the  biological and
physiological mechanisms through which
PM2.5 exposure exacerbates or initiates
cardiovascular conditions is crucial for
developing targeted interventions and
mitigating the global health burden of air

pollution. This section explores these
mechanisms,  focusing on  systemic
inflammation,  oxidative  stress, and

endothelial dysfunction, and discusses their
implications for global population health.

SYSTEMIC INFLAMMATION

Systemic inflammation is a key mechanism
by which PM25 exposure leads to
cardiovascular harm. When inhaled, PM2.5
particles can penetrate deep into the lungs
and enter the bloodstream, triggering an
inflammatory response [15]. This response
involves the release of pro-inflammatory
cytokines such as interleukin-6 (IL-6) and
tumour necrosis factor-alpha (TNF-a).
These cytokines promote the activation of
immune cells, which can lead to chronic
inflammation throughout the body [16].
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Chronic systemic inflammation contributes
to the development and progression of
atherosclerosis, a major risk factor for
cardiovascular diseases (CVDs) [17]. In
atherosclerosis, inflammatory  processes
cause the buildup of plaques within the
arterial walls, leading to reduced blood flow
and increasing the risk of heart attacks and

strokes.  Studies have shown that
populations exposed to high levels of PM2.5
have elevated markers of systemic

inflammation, correlating with increased
cardiovascular morbidity and mortality [18].

OXIDATIVE STRESS

Oxidative stress is another critical pathway
through which PM2.5 exposure adversely
affects cardiovascular health. PM2.5
particles contain reactive components, such
as metals and organic compounds, that
generate reactive oxygen species (ROS)
when inhaled [19]. The excessive
production of ROS overwhelms the body's
antioxidant defences, leading to oxidative
stress.

Oxidative stress damages cellular structures,
including lipids, proteins, and DNA, and
contributes to the dysfunction of endothelial
cells lining the blood vessels [20]. This
damage promotes vascular inflammation
and enhances the  formation  of
atherosclerotic ~ plaques.  Furthermore,
oxidative stress can impair the function of
nitric oxide, a molecule essential for
vascular relaxation and blood pressure
regulation,  thereby  contributing to
hypertension, a significant risk factor for
CVDs [21].

ENDOTHELIAL DYSFUNCTION
Endothelial dysfunction is a pivotal
mechanism by which PM2.5 exposure
induces  cardiovascular  harm.  The
endothelium, the inner lining of blood
vessels, plays a crucial role in maintaining
vascular health by regulating blood flow,
preventing clot formation, and controlling
inflammatory responses. PM2.5 particles
can disrupt endothelial function through
both direct and indirect mechanisms [22].

Directly, PM2.5 can interact with
endothelial cells, causing cellular damage
and apoptosis [23]. Indirectly, PM2.5-
induced  systemic  inflammation  and
oxidative stress further impair endothelial
function. Endothelial dysfunction leads to
reduced bioavailability of nitric oxide,
increased  vascular  permeability, and
enhanced leukocyte adhesion to the vessel
walls, all of which contribute to the
initiation and progression of atherosclerosis
and other cardiovascular conditions [24].

IMPLICATIONS FOR GLOBAL
POPULATION HEALTH

Understanding  these  mechanisms s
essential for addressing the global health
impacts of PM2.5 exposure. By elucidating
the pathways through which PM2.5
exacerbates  cardiovascular  conditions,
researchers and policymakers can develop
more targeted interventions to protect
vulnerable populations [25].

TARGETED INTERVENTIONS ANTI-
INFLAMMATORY STRATEGIES

Given the role of systemic inflammation in
PM2.5-induced cardiovascular harm, anti-
inflammatory therapies could be effective in
mitigating these effects. For example, the
use of statins, which have anti-inflammatory
properties in addition to their lipid-lowering
effects, has been shown to reduce
cardiovascular events in  populations
exposed to high levels of air pollution [26].

ANTIOXIDANT SUPPLEMENTATION

Antioxidants can help counteract the
oxidative stress caused by PM2.5 exposure.
Dietary supplements such as vitamins C and
E, as well as polyphenols found in fruits and
vegetables, may provide protective effects
against oxidative damage and improve
cardiovascular outcomes [27].

ENDOTHELIAL PROTECTION

Strategies aimed at protecting endothelial
function are also crucial. Lifestyle
interventions, such as regular physical
activity and a healthy diet, can enhance
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endothelial health and reduce the risk of
CVDs [28]. Additionally, pharmacological
agents that improve endothelial function,
such as angiotensin-converting enzyme
(ACE) inhibitors and angiotensin Il receptor
blockers (ARBs), may offer cardiovascular
protection for individuals in high-pollution
areas [29].

CASE STUDIES AND GLOBAL
INITIATIVES

Beijing, China: In response to severe air
pollution, Beijing implemented stringent air
quality regulations, including the reduction
of coal consumption and the promotion of
clean energy sources. These measures have
led to a significant decrease in PM2.5 levels

and improved cardiovascular  health
outcomes among residents [30].
Mexico City, Mexico: Mexico City's

comprehensive air quality management
programme, which includes the introduction
of cleaner public transportation and stricter
vehicle emission standards, has successfully
reduced PM2.5  concentrations  and
associated cardiovascular risks [31].
London, UK: The implementation of the
Ultra Low Emission Zone (ULEZ) in
London has not only lowered PM2.5 levels
but also led to a measurable reduction in
hospital admissions for cardiovascular and
respiratory conditions [32].

The biological and physiological
mechanisms through which PM2.5 exposure
harms cardiovascular health, including
systemic inflammation, oxidative stress, and
endothelial dysfunction, are critical to
understanding the broader health impacts of
air pollution [33]. By targeting these
pathways, we can develop effective
interventions to mitigate the cardiovascular
risks associated with PM2.5, ultimately
improving global population health and
reducing health disparities [34]. Continued
research and proactive policy measures are
essential to protect vulnerable populations

IMPACT ON VULNERABLE
POPULATIONS WORLDWIDE
Particulate matter (PM2.5) exposure has
significant cardiovascular health
implications, disproportionately affecting
vulnerable populations worldwide. This
section identifies specific groups most
impacted by PM2.5-related cardiovascular
risks and explores the variations by age,
economic status, and geographic location.
Research consistently shows that both the
elderly and children are particularly
susceptible to the adverse cardiovascular
effects of PM2.5 [36]. Older adults often
have preexisting health conditions that can
be exacerbated by air pollution, leading to
increased hospital admissions and mortality
rates related to cardiovascular diseases
(CVDs). A study conducted in the United
States found that a 10 pg/m? increase in
PM2.5 was associated with a 1.05%
increase  in  cardiovascular  hospital
admissions among the elderly [37].
Conversely, children are also at high risk
due to their developing cardiovascular and
respiratory systems. Long-term exposure to
PM2.5 during childhood has been linked to
the early onset of cardiovascular risk
factors, such as hypertension and impaired
lung function, which can predispose them to
CVDs later in life [38].

Economic status significantly influences
exposure and vulnerability to PM2.5. Low-
income populations often reside in areas
with higher pollution levels due to industrial
activities, traffic congestion, and limited
access to green spaces [39]. These
communities frequently lack the resources
to mitigate exposure, such as air filtration
systems or adequate healthcare,
exacerbating health disparities. For instance,
a study in India revealed that lower-income
groups had a higher prevalence of
cardiovascular and respiratory diseases due
to greater exposure to ambient air pollution
[40].

and enhance public health outcomes Geographic location also plays a crucial role
worldwide [35]. in the level of exposure to PM2.5 and the
consequent cardiovascular health risks.

Urban areas, particularly in developing
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countries, tend to  have  higher
concentrations of PM2.5 due to dense
traffic, industrial emissions, and
construction activities. For example, cities
like Beijing, Delhi, and Mexico City have
reported alarmingly high PM2.5 levels,
correlating with increased cases of CVDs
[41].

Conversely, rural areas, though generally
having lower pollution levels, can still face
significant health risks from PM2.5 due to
agricultural activities and biomass burning
for cooking and heating. A study in rural
China found that household air pollution
from solid fuel use was a significant
contributor to cardiovascular morbidity and
mortality [42].

To protect these vulnerable populations, a
multifaceted approach is essential. This
includes regulatory measures, community
interventions, and individual actions,
supported by case studies from various
regions. Governments play a crucial role in
implementing policies to reduce PM2.5
emissions. Stricter emission standards for
vehicles and industries, along with the
promotion of clean energy sources, are vital.
For instance, the Clean Air Act in the
United States has significantly reduced air
pollution levels and associated health risks
over the past few decades [43]. Similarly,
the European Union's Air Quality Directive
sets binding air quality targets, which have
contributed to improved air quality and
reduced cardiovascular health impacts
across member states [44].
Community-based initiatives can effectively
reduce exposure and mitigate health risks.
In London, the Ultra Low Emission Zone
(ULEZ) has successfully decreased PM2.5
levels by restricting high-emission vehicles
in specific areas, leading to improved public
health outcomes [45]. In developing
countries, initiatives like providing cleaner
cooking technologies and fuels in rural
households have shown significant health
benefits. For example, the introduction of
clean cookstoves in Kenya has reduced
household air pollution and associated
cardiovascular risks [46].

Educating individuals about the health risks

of PM25 and promoting protective
behaviours are also critical. Personal
measures such as wusing air purifiers,

wearing masks on high pollution days, and
avoiding outdoor activities during peak
pollution hours can reduce exposure. Public
health campaigns, such as those conducted
in Japan, have successfully raised awareness
and encouraged protective behaviours,
resulting in reduced cardiovascular health
impacts from air pollution [47].

Addressing the disproportionate impact of
PM2.5 on vulnerable populations requires a
comprehensive strategy that combines
regulatory action, community interventions,
and individual measures. By learning from
successful case studies and implementing
tailored solutions, it is possible to mitigate
the cardiovascular health risks associated
with PM2.5 and improve health equity
worldwide [48].

CONCLUSION

In conclusion, the great worldwide public
health issue presented by air pollution is
marked by the thorough investigation on
PM2.5 exposure and its consequences on

cardiovascular health. With important
mechanisms including systemic
inflammation,  oxidative  stress, and

endothelial dysfunction, PM2.5 exposure
has been linked as a main cause of
cardiovascular illnesses globally. Although
some areas have improved their air quality,
worldwide average PM2.5 levels remain
high and especially affect low- and middle-
income nations.

Different populations have different effects
from PM25 exposure. PM2.5-related
cardiovascular hazards disproportionately
effect wvulnerable groups including the
elderly, children, and economically deprived
regions. This discrepancy underlines the
need of focused treatments and stresses air
pollution as a problem of environmental
justice.

Dealing with this important environmental
health issue calls for a suite of treatments.
These range from community projects
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