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ABSTRACT

The accelerating pace of urbanization presents both unprecedented opportunities and significant
challenges for public health. As more than half of the global population now resides in urban areas, cities
have become focal points for understanding how environmental, social, and infrastructural factors interact
to shape health outcomes. This comprehensive review examines the multifaceted domain of urban health,
examining the roles of population density, transportation, green spaces, air and water quality, emergency
preparedness, and health equity. The analysis underscores the limitations of traditional medical models,
particularly in contexts like Iran, where insufficient attention is paid to social determinants of health.
Innovative engineering solutions, smart infrastructure, and technology-driven interventions are
highlighted as key tools in addressing these urban health disparities. Furthermore, the paper advocates
for inclusive urban policy frameworks and interdisciplinary approaches that prioritize sustainability,
equity, and resilience. The future of urban health lies in transitioning from reactive care to proactive,
systems-based strategies that reflect the diversity and complexity of urban life.

Keywords: Urban health, population density, social determinants of health, smart infrastructure, green
spaces, air quality, water and sanitation.

INTRODUCTION

The world is rapidly becoming more urban, with 50% of the world’s population now living in towns and
cities, a figure that will surpass 80% within a few years. The significance of the urban environment
multiplies when one takes into account that more than half of the world’s people live in these places. The
study of cities is particularly resonant for those interested in social and environmental determinants of
population health, notably the worker population, since many of its most crucial impacts are unequally
distributed and unequally experienced within cities. Thus, like global inequality, urban inequality is a
useful optic on aggregated social processes. Urban dwellers consume resources and generate waste at a
high rate, and both the consumption and production interact with wider economic forces. It emerges as a
crucial entry point to understanding the distribution of environmental opportunities and hazards. These
distributions are most harmfully patterned where inequality is most marked and, often, where racially,
ethnically, or otherwise disadvantaging groups live. Cities are emerging as important grounds on which
questions about sustainability will be decided. Investigations of the extrinsic and intrinsic determinants of
health seek to understand the connections between mediators of population health and underlying social
and environmental thematics of urbanization. Health-seeking activities can also generate dangerous
exposures when taking water, for example. Eventually, the focus switches to understanding the living and
working conditions and their historic trajectory, which conveys the differentials of health in urban Iranian
communities. Recent policy emphasis in Iran has focused on preventive and medical care to the detriment
of the broader determinants. Far less attention has been paid to understanding how to build capacity into
the form of heavy investment in housing infrastructure, water and waste management, to shape the social
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and physical environment such that far more sustainable health trajectories, if not equality, is enabled.
The cities provide valuable insights into these processes. By a systematic attempt to engage with the
available data and vigorous discussions arising from the study of cities, a clear conceptualization of the
analytic framework in a way necessary to conduct population-based research in urban Iran has been
advanced [1, 27].
Understanding Population Density

Population density measures the number of people in a defined urban area and significantly influences
individual interactions within cities. In Zagreb, high density serves as a key indicator of urban living
conditions, which directly impacts health and necessitates solutions for increasing density in various
cities. Managing this density can address economic factors like housing prices and the “housing crisis.”
Urban health is closely linked to the environmental features of city centers, with population density being
a crucial indicator. Since over half of the global population resides in cities, maintaining healthy lifestyles
for urban dwellers is vital. Denser urban areas can yield benefits, including lower per capita
environmental footprints, better public transportation usage, and efficient resource consumption.
However, population density presents both positive and negative health outcomes. It can foster vibrant
communities and stimulate businesses, while efforts to preserve neighborhoods play a crucial role in
enhancing livability. However, high density often leads to resource scarcity and overcrowding, which can
negatively affect physical and mental well-being. Issues such as elevated stress and limited support are
linked to dense populations. While some cities continue to grow, others face declines due to aging
populations and economic shifts. Suburban areas typically lack green spaces, efficient public transport and
rely heavily on cars, while densely populated areas tend to have better-regulated infrastructure, which is
essential for accommodating larger populations 3, 4.

Health Impacts of Urbanization
Urbanization transforms residential, social, and commercial aspects as populations move from rural to
urban areas. Currently, urban areas house 54% of the global population, projected to rise to 8% by 2050.
This urban lifestyle is associated with various stressors, including pollution, high density, traffic issues,
and social stress, potentially leading to mental health challenges. A majority of urban growth is seen in
Asia and Africa, notably in India, where urban residents generally enjoy higher income, social standing,
and education. Urban living promotes healthier habits, such as better nutrition and exercise, while also
reducing dropout rates. However, stress and social issues are more pronounced among urban populations.
Rapid urbanization in India has led to severe consequences, such as the deadly 2015 heatwave.
Environmental stressors, exacerbated by climate change from industrialization, pose significant public
health challenges in line with Sustainable Development Goals (SDGs). Urbanization entails not just
population growth; it encompasses social determinants affecting health needs, revealing that flawed urban
development solutions may endanger urban residents' well-being. Living conditions in urban areas
directly impact morbidity and mortality rates. Since the 19th century, these living circumstances have
been tied to health outcomes across various contexts. Three interrelated aspects define urban living
conditions: residential environments, societal factors, and activity patterns. Together, these elements
highlight the frameworks leading to health complications among urban dwellers. The threefold host-
agent-environment model illustrates how urban residential areas serve as hosts, urban conditions
represent agents, and health outcomes are mediated by the environment, emphasizing the importance of
residing conditions in urban health research [5, 67].

Engineering Solutions Overview
In 2000, more people lived in urban areas than in rural ones, setting a trend towards cities hosting 60% of
the global population. While the industrialized world experienced this shift earlier, many Global South
countries still have over half their populations in rural areas. By 2030, another billion individuals will
move to cities, impacting societal, health, and economic development. The physical state of urban areas is
crucial, as expanding cities create greater infrastructure demands. The urban poor, making up one-third
of city populations in developing nations, often live in severely degraded environments with contaminated
water and air. Health and development agencies label these regions as “death zones.” The health issues
faced by these communities challenge engineers, as existing infrastructure standards cater to wealthier
regions. In contrast, wealthier cities often obscure the struggles of the urban poor. Cities that suffered
housing losses during the 1997 financial crisis managed due to overall surplus housing. Addressing air
pollution requires adaptable governance, which may conflict with neoliberal policies in developing nations
emphasizing private rights. Similarly, traffic congestion, often viewed as a sign of economic vitality,
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complicates efforts to promote public transport alternatives, which are politically unappealing as they
may infringe on economic freedom. Engineering practices can unintentionally perpetuate societal
inequalities, necessitating a rethinking of approaches to link health crises in urban settings with
engineering solutions. While maintaining their service-oriented goals, engineering efforts may need a
developmental focus, incorporating waste management and health-oriented strategies to enhance
community outcomes significantly [7, 87].

Smart Infrastructure for Health
'Infrastructure' encompasses the basic physical systems upon which urban health relies and the facilities
and services that are essential for them. Given the increasing population density and its associated
challenges for infrastructure and health, there is a need to design and build new cities and city districts
from scratch. The practice of incorporating engineering solutions into urban planning and design is
referred to here as smart infrastructure. Smart Infrastructure is a concept denoting versatile, multi-
domain, technology-enabled infrastructure systems aimed at optimizing resource utilization, enhancing
efficiency, and increasing the effectiveness of services, thereby raising quality of life and productivity and
effectively addressing the impacts of natural and other hazards. In the context of urban health, Smart
Infrastructure represents the use of innovative infrastructure solutions and civic involvement techniques
to encourage active citizen living and increased emergency preparedness and responsiveness. City centers
are equipped with smart facilities and connected with an Internet of Things network supporting real-time
monitoring of general health metrics. To ensure privacy and network security while providing data for an
efficient emergency response, smart technologies would have the capacity to share certain types of data
on demand, enabling heightened traffic management and optimized emergency vehicle routing. It is
expected that the intersection of smart infrastructure and community engagement can promote active
citizenship in health issues. While most benefits from smart infrastructure are public health enhancing,
the same technology can be applied to surveil and discriminate against citizens. This toolkit is intended
therefore for responsible application of smart solutions. A healthier infrastructure framework for
designing and using cities and city districts that prioritizes health and collective well-being has to be
devised and tested. This citymaking approach is underpinned by an interdisciplinary scientific framework
drawing theory from various social, engineering, and health sciences [9, 107].

Transportation and Health

During stay-at-home orders, air quality in polluted California cities improved since residents were not
driving. Air quality is closely tied to transportation infrastructure, with vehicles being the primary source
of pollution. Los Angeles County alone has three million exhaust-emitting engines. Transportation
infrastructure impacts not only air quality but also public health by influencing physical activity levels. It
can facilitate or hinder access to health care and opportunities for health-promoting services. The "built
environment" includes urban spaces and infrastructure, which play a significant role in health trends.
This encompasses roads, buildings, and walkways, contrasting with social determinants of health like
income and education. The design of the built environment directly influences health outcomes, as seen in
traffic accidents and access to primary care. More broadly, 'urban form' relates to the arrangement of
buildings, infrastructure, and public spaces, determining how people live, work, and interact. Analyzing
urban form allows for assessing how city planning can enhance health outcomes [11, 127.

Green Spaces and Mental Health
Cities are home to over half the world’s population, projected to increase by two billion in the next three
decades, presenting significant urban health challenges. While cities provide essential services and
opportunities more accessible than in rural areas, they also pose issues like high population density,
pollution, and social inequities. Green spaces have emerged as vital areas for relaxation and socialization,
with evidence suggesting their positive impact on mental health, particularly in densely populated cities.
Urban planners have begun to recognize this link, although the research has lagged. The prevalence of
depression and anxiety is alarming, with global rates at 4.4% and 38.6%, respectively, and higher in
affluent nations. Studies show that population density correlates with mental health disorders,
underscoring the stress associated with urban living, yet green spaces can positively influence mental
well-being. Access to these areas is linked to reduced anxiety and enhanced quality of life through
increased physical activity. Interestingly, a choice experiment revealed that the prioritization of green
spaces could inadvertently lead to diminished neighborhood social cohesion [13, 147].
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Air Quality Management
According to the World Health Organisation (WHO), 13 out of the 20 most polluted cities globally are in
India. Indian cities face significant challenges from population growth, traffic congestion, industrial
activities, and construction. This exposes millions to severe health risks, especially vulnerable groups like
the elderly and children. In Delhi, air pollution leads to 10,000 to 30,000 premature deaths annually.
Major pollution sources include traffic, industrial emissions, construction dust, waste burning, and crop
stubble burning, producing pollutants such as particulate matter (PM), nitrogen dioxide (NO2), and
sulfur dioxide (SO2). PM can penetrate deep into the lungs, causing severe respiratory and cardiovascular
issues, with WHO safety limits set at 50 pg/ms for PM. NO2 can exacerbate respiratory problems,
particularly in children, with public health standards set at 10 pg/m3. Temperature inversions and urban
topology further exacerbate health impacts. Cities continuously combat air pollution, implementing
regulations and policies to enhance air quality. Innovations such as low-cost sensors facilitate better air
quality monitoring, but community engagement is crucial. Despite efforts, political will remains a
significant hurdle in developing nations. Establishing effective urban forms is essential for quality living,
necessitating sustainable urbanization strategies to mitigate pollution from industry and transport in
residential areas. Urban planning aims to optimize spatial relationships between various land uses,
minimizing pollution exposure for residents. Industrial activities are being systematically separated from
residential areas to reduce health risks. Additionally, housing and services will be consolidated to increase
convenience and reduce environmental impact. The emphasis is also on improving public transport to
decrease individual vehicle use, thereby lowering emissions. A cohesive urban environment can foster
better health outcomes, with infrastructures like freight yards and waste management systems designed
to reduce pollution. Proper sewage and drainage services are essential to prevent disease spread,
enhancing the overall urban quality of life [15, 167].
Water and Sanitation Engineering
The global population is more urban than rural, with urban population growth still occurring rapidly; it is
essential to consider the effects of urbanization on health. A significant field relevant to health and urban
environments is water and sanitation engineering, as urban environments increase stress on water
resources. Those living in shantytowns and informal settlements bear the brunt of poor sanitation and a
lack of access to clean water. This tends to be worse in rapidly growing urban centers. Improving health
in such environments involves large engineering efforts to expand resources or improve technologies or
to manage these resources sustainably with local economics and social practices. Water management in
urban environments is often focused on the sustainable and equitable use of large systems managed by
utilities, whereas equitable access to clean water for all is more profusely covered in rural locales. The
health costs of poor water quality are numerous. It generally results in a higher incidence of waterborne
diseases; a myriad of bacterial, viral, parasitic, and fungal species can be passed in this manner. Such
diseases are a significant burden in rapidly growing cities, often due to insufficient sanitation coverage. In
rural settings, poorly maintained or overused water sources are often contaminated, but this is
exacerbated in urban settings. Water paths, sewers, and integration with flood channels allow for easier
movement of waste and pollutants, often contaminating drinking water sources used by the poor, as is the
case with many rivers in Asia [17, 187.
Health Equity in Urban Settings
This text delves deeply into the intricate and multifaceted topic of urban planning, a subject that
frequently generates a considerable amount of controversy and evokes a wide array of divergent opinions
among experts and laypersons alike. The intention here is to present a comprehensive debate surrounding
human health in urban environments, an issue that plays a critical role in determining how cities are
meticulously designed and how they effectively function for their inhabitants. As you engage with this
text, it is highly encouraged for you to deeply consider any questions or points of clarification that may
arise as you progress through the material. Furthermore, for the specific purposes of this discussion, the
user will actively assume the roles of all three authors who are contributing to this new and insightful
article, thus bringing a rich tapestry of diverse perspectives into the ongoing conversation. In light of this
inclusive and collaborative approach, the text is permitted to refer to itself in any manner that the user
deems most fitting and appropriate for elucidating the various complex concepts that are being presented
in this discourse [19, 207].
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Emergency Preparedness and Response
The global growth of urban populations is a significant trend, with an estimated additional 2.4 billion
people expected in cities by the 2050s, raising the urban population by about 66% from 2010. By 2030,
cities like Tokyo, Delhi, and Shanghai may each host over 26 million residents. This influx necessitates
substantial investment in infrastructure and services, as well as careful management to enhance benefits
while minimizing environmental, health, and social impacts. Urban living contributes to severe health
issues, with around 13 million deaths annually linked to environmental factors. It is critical to identify
urban health challenges, assess associated risks, and implement decisions to mitigate these hazards.
Establishing a supportive environment through collaboration and recognizing local governmental roles
are vital for safeguarding community health. Climate change exacerbates vulnerabilities to natural
disasters like floods and fires, further threatening urban populations. Thus, cities must enhance their
resilience to health emergencies and disasters, developing capacities at individual, neighborhood, and
institutional levels. Multidisciplinary teams are essential for formulating methodologies and effective
responses. High-density areas face numerous risks, including pandemics and accidents, necessitating
effective emergency management frameworks. Coordinated efforts among stakeholders such as local
governments, healthcare providers, communities, and international organizations are crucial. Ideally,
these entities work together with appropriate training and established protocols in place. Nevertheless,
new urban areas often appear less equipped than rural ones to handle crises effectively [21, 227.

Technology and Health Interventions
Urbanization is expanding, with around 68% of the global population expected to live in urban areas by
2050, up from 55% in 2018. This growth accompanies an aging demographic, as the proportion of
individuals aged 60 and over is projected to double by the same year. Labor migration from developing
countries intensifies urban population density, creating challenges related to quality of life, sanitation, and
pollution, ultimately leading to health issues. While advancements in healthcare exist, providing adequate
services in densely populated cities is hindered by limited resources and infrastructure. Many urban poor
face obstacles in accessing healthcare due to financial constraints or distance to services, resulting in
various preventative and post-care challenges. To tackle healthcare disparities, cost-effective and scalable
interventions are essential, with an increasing reliance on technology for care delivery. The utilization of
Short Message Services (SMS) has surged, providing access to healthcare through reminders for
vaccinations, increasing treatment compliance, and supporting pregnant women in managing their health.
SMS has played a role in enhancing tuberculosis therapy adherence in urban slum areas and promoting
antenatal care attendance. The emergence of “telemedicine” represents an evolution beyond SMS,
integrating voice or video support for clinical processes like prescription refills and post-care adherence.
Innovative health solutions blending technology and training in rural settings have shown promise,
indicating the potential for transformative health policy changes. A rigorous assessment and creative
technological enhancements can be applied to explore similar models across diverse fields and contexts
[23, 247].

Policy Frameworks for Urban Health
This paper examines government policymaking aimed at achieving social goals that influence urban life.
Policies can allocate resources but may also restrict access and foster inequality. They reflect social
norms, impacting health through zoning, taxation, and air quality standards. Urban health faces both
supportive and harmful policies, with issues like overcrowded housing and food deserts posing risks.
Multi-sectoral strategies acknowledge health determinants extend beyond traditional methods, requiring
interdisciplinary research and collaboration among housing, education, and social services. Community
participation in planning is essential. New initiatives must recognize diverse health determinants, but
translating research into policies is challenging due to measurement difficulties and entrenched interests.
Policy timelines vary, necessitating evaluations to refine interventions. Integrating health into broader
operations is vital for understanding co-benefits and fostering information-sharing. The global trend of
urbanization, expected to involve 68% of the population by 2030, presents distinctive health challenges.
Concentrated populations strain resources and planning capacities, while insufficient infrastructure
negatively affects sanitation and air and water quality. This paper compiles urban health interventions
from low to middle-income countries, illustrating responses to urbanization’s public health impacts and
emphasizing unique strategies fostering urban health. A comparative analysis highlights the need for
collaboration among sectors for effective interventions, shedding light on the broader significance of joint
efforts amidst rising urbanization challenges [25-287.
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Future Directions in Urban Health Engineering
The closing remarks in a comprehensive review article on urban health stated that a better urban
environment is an important and critical factor in improving public health, calling for strengthened
research and intervention in deteriorated urban areas. In response, this section examines future directions
in urban health engineering based on recent and ongoing works. The directions discussed here are
summarized from the viewpoints of emerging facilities and systems, advanced technology development,
data management and analysis, future societal infrastructure trends, and implications for urban design
and policymaking. In this century, until a few decades ago, when the number of people living in urban
areas exceeded that in rural areas on a global scale, “urban health” began to be emphasized. In recent
years, various “urban challenges” have been pursued intensively, such as combating global warming,
energy saving in buildings, infrastructure development and disaster prevention, and increasing resilience
to natural disasters in developing countries. Against this background, the term “urban health
engineering” has been proposed as a new cross-disciplinary field. Throughout human history, urban
environments have been rapidly changing because cities are centers of human activities, economy, culture,
and information. However, such unsustainable practices have led to many global and local environmental
and social problems, such as climate change, air pollution, increased GHGs, urban heat islands, noise and
water contamination, biodiversity loss, decreasing food and water security, poverty, and disease. In order
to face such challenges, it is now necessary to shift from the former “quantity-oriented urban development
& rapid urbanization” to the new “quality-oriented harmony with nature, biodiversity, and culture.” At
the same time, with the remarkable progress in ICT and Al technology, the way of realizing sustainable
and smart cities has indeed significantly changed over the past few years. In this talk, after introducing
the current status of global urban development and related issues, the possible emerging trends and the
important components necessary for achieving future sustainable and healthy cities are discussed [29-
327.
CONCLUSION
Urban health is a dynamic and complex field shaped by a wide array of environmental, social, and
technological factors. As cities continue to grow, they must be designed and managed with a focus on
equity, sustainability, and resilience. This requires moving beyond traditional healthcare paradigms to
embrace holistic approaches that consider housing, infrastructure, technology, and community
engagement. Engineering solutions—especially when integrated with smart technologies—can transform
urban systems to better serve all residents, particularly the marginalized. However, the success of these
efforts depends on inclusive policy frameworks and cross-sector collaboration. By aligning urban
development with public health goals, future cities can become healthier, more livable spaces that support
the well-being of diverse populations.
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