Paradigm Academic Press -
Studies in Social Science & Humanities =

ISSN 2709-7862 PAR-:AI;GM
JAN. 2025 VOL .4, NO.1

The Correlation Between Air Pollution and the Prevalence of
Cardiovascular Diseases in Jakarta

Rizky Aditya Pratamat
I Universitas Gadjah Mada, Yogyakarta, Indonesia
Correspondence: Rizky Aditya Pratama, Universitas Gadjah Mada, Yogyakarta, Indonesia.

doi:10.56397/SSSH.2025.01.01

Abstract

Air pollution is a pressing environmental and public health issue in Jakarta, contributing significantly to the
prevalence of cardiovascular diseases (CVDs). This paper explores the correlation between air pollution and
cardiovascular health, focusing on the role of pollutants like PM2.5 and NO: in triggering systemic inflammation
and vascular damage. It highlights the socioeconomic burden of air pollution-induced CVDs, with low-income
communities disproportionately affected. The study also examines effective mitigation strategies, including
stricter environmental policies, public health initiatives, and interdisciplinary collaborations. Findings emphasize
the need for comprehensive interventions to reduce pollution levels and improve public health outcomes in
Jakarta.
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1. Air Pollution in Jakarta

Jakarta, the bustling capital of Indonesia, has earned the unfortunate distinction of being one of Southeast Asia’s
most polluted cities. With air quality consistently failing to meet World Health Organization (WHO) standards,
the city faces a mounting environmental and public health crisis. Rapid urbanization, industrial expansion, and
high population density have created a perfect storm for harmful pollutants to accumulate in the atmosphere.
Among these pollutants, particulate matter (PM2.5 and PM10) and nitrogen dioxide (NO2) are the most prevalent
and dangerous, causing severe health implications for residents.

Vehicular emissions stand out as the primary contributor to Jakarta’s air pollution. The city’s notorious traffic
congestion, with millions of vehicles on the road daily, releases large quantities of PM2.5 and NO- into the air.
Industrial activities, including manufacturing and energy production, further compound the problem by emitting
significant levels of pollutants. Additionally, the open burning of residential waste, particularly in suburban and
informal settlements, exacerbates air quality deterioration. These sources of pollution are particularly
concentrated in central and northern Jakarta, where urban density is highest.

Over the past decade, the situation has worsened dramatically. Air quality monitoring data consistently show an
upward trend in pollutant concentrations, with annual averages of PM2.5 and PM10 levels far exceeding WHO
recommendations. The dry season, characterized by lower humidity and reduced atmospheric dispersion,
exacerbates this problem, leading to hazardous spikes in pollution levels.

Figure 1 below illustrates the trends in PM2.5 and PM10 levels in Jakarta over the past decade (2013-2023).
This line chart highlights a consistent escalation in particulate matter concentrations, with PM2.5 levels rising
from 55 pg/m3in 2013 to 75 pg/m3in 2023, and PM10 levels increasing from 100 pg/m=to 132 pg/m=during
the same period.
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Figure 1. Trends in PM2.5 and PM10 Levels in Jakarta Over the Past Decade

Trends in PM2.5 and PM10 levels from 2013 to 2023, illustrating the steady annual increase in particulate matter
concentrations.

This upward trajectory is not just a seasonal anomaly; it reflects the cumulative impact of long-term emissions
and insufficient regulatory enforcement. Despite efforts by the government to introduce emission standards and
promote cleaner technologies, implementation has been patchy, and enforcement remains weak. For example,
green transportation initiatives such as the TransJakarta bus rapid transit system and incentives for electric
vehicles have struggled to offset the growing pollution from traditional combustion-engine vehicles.

The consequences of this worsening air quality are dire. Not only does it pose immediate respiratory risks to
Jakarta’s residents, but prolonged exposure to PM2.5 and PM10 has been linked to chronic cardiovascular and
pulmonary diseases. Furthermore, the environmental toll is evident in the city’s urban ecosystems, with reduced
air visibility, diminished green spaces, and increased heat island effects compounding the challenges of a
growing metropolis.

To address Jakarta’s escalating air pollution crisis, urgent and sustained efforts are needed. Comprehensive
strategies should include stricter enforcement of vehicle emission standards, expansion of public transportation
networks, industrial emission controls, and public education campaigns on waste management practices. These
measures, if effectively implemented, could help reverse the troubling trends shown in Figure 1 and alleviate the
public health burden caused by poor air quality.

2. Cardiovascular Health Overview

Cardiovascular diseases (CVDs) are the leading cause of mortality in Jakarta, reflecting a growing public health
crisis exacerbated by the city’s persistent air pollution. Conditions such as heart attacks, strokes, and
hypertension are prevalent among residents, particularly those in urban areas with high exposure to harmful
pollutants like PM2.5 and NO:. The constant inhalation of these pollutants leads to systemic inflammation and
oxidative stress, which contribute to the onset and progression of cardiovascular conditions. This issue is further
aggravated by the city’s rapidly aging population and its dense urban environment, which intensifies exposure
risks.

Vulnerable groups include the elderly, children, and individuals with preexisting conditions such as diabetes or
respiratory diseases. Elderly residents are particularly susceptible due to age-related physiological changes that
heighten sensitivity to environmental toxins. Children, whose respiratory and cardiovascular systems are still
developing, face long-term risks that can affect their overall health and life expectancy. Additionally, those with
preexisting health conditions experience exacerbations of symptoms due to chronic exposure to polluted air.
These demographic groups often reside in areas with high levels of pollution, further amplifying their
vulnerability.

Jakarta’s healthcare system faces significant challenges in addressing the rising burden of CVDs. While central
urban areas may have access to advanced healthcare facilities, peripheral and low-income regions often lack
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specialized care and resources. Disparities in access to medical interventions, preventive screenings, and public
health initiatives leave large segments of the population underserved. Peripheral areas frequently experience
shortages of cardiologists, diagnostic tools, and healthcare infrastructure, forcing many patients to travel long
distances for treatment, often at great financial and physical expense.

Efforts to manage the burden of cardiovascular diseases in Jakarta require a multifaceted approach.
Strengthening healthcare infrastructure in underserved areas, increasing public awareness about preventive
measures, and addressing environmental factors like air pollution are critical to improving cardiovascular
outcomes across the city. Public health programs targeting vulnerable groups, combined with policies to improve
air quality, can significantly reduce the prevalence and impact of these diseases on Jakarta’s population.

3. Connecting Air Pollution to Cardiovascular Diseases

The relationship between air pollution and cardiovascular risks is well-documented, with numerous studies
highlighting the detrimental effects of pollutants such as particulate matter (PM2.5 and PM10) and nitrogen
dioxide (NO2) on the cardiovascular system. These pollutants penetrate deep into the respiratory tract, entering
the bloodstream and triggering systemic inflammation, oxidative stress, and vascular damage. Over time, these
processes increase the risk of developing or exacerbating cardiovascular conditions, including hypertension,
arrhythmias, and ischemic heart disease. Prolonged exposure to these airborne toxins, especially in highly
polluted environments like Jakarta, creates a significant public health burden, particularly for urban residents
who are exposed to concentrated pollutant levels daily.

In Jakarta, PM2.5 levels regularly exceed the World Health Organization’s recommended safe limit of 15 pg/m3
For instance, recent data from air quality monitoring stations across the city reported an average PM2.5
concentration of 75 pg/m3during the dry season, nearly five times the recommended limit. This is a cause for
concern, as studies have shown that for every 10 pg/m=3 increase in PM2.5 levels, the risk of
cardiovascular-related hospital admissions increases by approximately 6%. Such alarming figures underline the
urgent need to address the link between air quality and cardiovascular health.

Local research corroborates global findings, providing concrete evidence of the correlation between air pollution
and cardiovascular disease in Jakarta. Hospital records from the city’s largest healthcare facilities reveal a
noticeable surge in admissions for heart attacks, strokes, and other cardiovascular conditions during periods of
elevated air pollution. For example, during a particularly polluted month in 2022, one major hospital reported a
20% increase in cardiovascular-related admissions compared to months with better air quality. This pattern is
consistent across various hospitals, with peaks in hospitalizations aligning closely with spikes in PM2.5 and NO-
concentrations.

Figure 2 below illustrates this correlation between PM2.5 levels and cardiovascular-related hospital admissions
in Jakarta over a 12-month period. The scatterplot demonstrates a strong positive relationship, where higher
pollution levels correspond to increased hospitalizations for cardiovascular conditions. The trendline further
emphasizes this connection, with a clear upward trajectory.
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Figure 2. Correlation Between PM2.5 Levels and CVD Hospital Admissions in Jakarta
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The scatterplot highlights the direct relationship between air pollution levels (PM2.5 concentrations) and
cardiovascular hospitalizations, emphasizing the health risks posed by poor air quality.

Such findings underscore the immediate and long-term health impacts of air pollution. Vulnerable populations,
including the elderly, individuals with preexisting cardiovascular or respiratory conditions, and those in
low-income communities, are disproportionately affected. These groups often live in areas with the highest
pollution levels and have limited access to healthcare, further compounding the health risks.

To mitigate these impacts, it is critical to implement targeted interventions. Public health measures such as
issuing real-time air quality alerts and encouraging individuals to limit outdoor activities during high-pollution
days can reduce immediate health risks. At the same time, long-term solutions must address the root causes of air
pollution. These include stricter emission controls for vehicles and industries, expansion of green spaces to
absorb pollutants, and better urban planning to reduce traffic congestion.

By integrating air quality monitoring systems with public health strategies, Jakarta can proactively respond to
pollution spikes and reduce the strain on its healthcare system. Furthermore, raising public awareness about the
health risks associated with air pollution and promoting healthier lifestyles can help prevent pollution-related
cardiovascular diseases. Addressing these challenges holistically can pave the way for a healthier and more
sustainable urban environment in Jakarta.

4. Socioeconomic and Health Impacts

The socioeconomic impacts of air pollution-induced cardiovascular diseases (CVDs) in Jakarta are far-reaching,
affecting not only individual families but also the city’s economy at large. The economic burden stems primarily
from healthcare costs associated with treating CVDs and the loss of productivity due to illness and premature
death. Families often face significant financial strain as they navigate the costs of repeated hospital visits,
medications, and specialized care. For low-income households, these expenses can account for a substantial
proportion of their income, exacerbating cycles of poverty.

The strain is not confined to families. Jakarta’s economy bears the broader costs of reduced workforce
productivity due to pollution-related health conditions. According to a 2022 study, the city incurs annual
economic losses of approximately $500 million due to illnesses linked to air pollution, with cardiovascular
diseases accounting for a significant portion of this figure. These costs include lost wages, decreased work
efficiency, and the diversion of resources to manage pollution-related health crises.

Low-income communities are disproportionately affected by the dual burden of higher exposure to air pollution
and limited access to healthcare. These neighborhoods, often located near industrial zones, major roadways, or
waste-burning sites, experience higher concentrations of pollutants such as PM2.5 and NO.. Residents of these
areas are frequently unable to afford preventive care or timely medical intervention, leading to worsened health
outcomes. The disparities in exposure and healthcare access contribute to a widening gap in health equity across
Jakarta’s population.

Efforts to raise public awareness about the health impacts of air pollution and preventive measures remain
insufficient. While some initiatives, such as government-sponsored air quality alerts and education campaigns,
exist, their reach and effectiveness are limited, particularly in marginalized communities. Strengthening these
campaigns and tailoring them to address the specific needs of low-income neighborhoods is critical to closing
the health disparity gap.

Figure 3 below provides a visual representation of the overlap between high-pollution areas and low-income
neighborhoods in Jakarta. This map overlay highlights the stark correlation between pollution exposure and
socioeconomic vulnerability, illustrating how health impacts are disproportionately borne by disadvantaged
communities.
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Figure 3. Demographics and Health Disparities in Polluted Areas of Jakarta

This map shows areas with high pollution levels overlaid with demographic data, emphasizing the concentration
of low-income communities in regions with elevated exposure to air pollution.

These findings underline the urgent need for targeted interventions. Policymakers must prioritize reducing
pollution exposure in high-risk areas, such as through stricter industrial regulations and urban planning that
separates residential zones from pollution sources. Simultaneously, improving access to healthcare in
underserved communities and implementing robust awareness campaigns can help mitigate the health and
socioeconomic impacts of air pollution-induced CVDs. A coordinated approach combining environmental,
economic, and healthcare strategies is essential to address these disparities effectively and create a more
equitable and sustainable urban environment in Jakarta.

5. Mitigation Strategies and Future Outlook

Addressing the intertwined challenges of air pollution and cardiovascular diseases in Jakarta requires a
multifaceted and collaborative approach. Effective mitigation strategies must combine environmental policies,
public health initiatives, and interdisciplinary cooperation to create sustainable solutions for the city’s growing
urban population.

Environmental Policies for Air Quality Improvement

Policies targeting the reduction of air pollution are crucial for safeguarding public health. Stricter vehicle
emission controls, such as transitioning to Euro 6 standards, can significantly decrease the levels of harmful
pollutants like PM2.5 and NO.. Expanding public transportation systems, such as the Mass Rapid Transit (MRT)
network and bus rapid transit systems, can reduce the dependence on private vehicles and lower overall
emissions. Urban reforestation initiatives, including the planting of green corridors along major roadways and
the revitalization of city parks, play a dual role in improving air quality and enhancing urban biodiversity. These
efforts collectively address the sources of pollution while promoting a healthier urban environment.

Public Health Initiatives for Cardiovascular Risk Reduction

Public health programs are equally important in mitigating the impacts of air pollution-induced cardiovascular
diseases. Preventive care, including regular health screenings and early interventions for high-risk populations,
can reduce the burden of cardiovascular diseases. Lifestyle changes, such as promoting physical activity and
dietary adjustments, are also critical in improving overall cardiovascular health. Educational campaigns that
raise awareness about the health risks of air pollution and preventive measures, particularly in vulnerable
communities, can empower residents to take proactive steps to protect their health during high-pollution periods.

Collaborative Approaches for Long-Term Solutions

Achieving sustainable improvements requires collaboration between multiple stakeholders, including
government agencies, healthcare providers, environmental organizations, and the private sector. Integrated
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policies that combine urban planning, environmental regulations, and healthcare services can create synergies
that maximize the impact of mitigation efforts. For example, real-time air quality monitoring systems combined
with public health alerts can enable residents to minimize exposure during pollution peaks. Additionally,
partnerships with international organizations can provide the technical expertise and funding needed to
implement large-scale projects, such as clean energy transitions and sustainable urban designs.
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