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ABSTRACT

This review critically evaluates the complex processes and epidemiological data between ambient air pollution and diabetes. Air pollutants such
particulate matter, nitrogen dioxide, and ozone have increased due to urbanization and industrialization. According to new study, chronic
exposure to these contaminants increases the incidence of diabetes mellitus. The review synthesizes epidemiological, animal, and
mechanistic data to determine how air pollution may cause and advance diabetes. Oxidative damage, inflammation, insulin resistance, and
adipose tissue function are examined. The research also highlights how sensitive groups, such as those with pre-existing metabolic disorders,
increase diabetes susceptibility in air pollution exposure. The study also discusses the worldwide burden of diabetes and ambient air pollution
and the necessity for environmental scientists, epidemiologists, and healthcare professionals to collaborate on mitigation measures and public
health initiatives. This comprehensive review seeks to inform policymakers, healthcare professionals, and researchers about the complex
interactions that contribute to the growing public health risks of ambient air pollution and diabetes.
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BACKGROUND

Ambient air pollution, an insidious yet ubiquitous presence
in our environment, refers to the presence of harmful
substances in the air we breathe. These detrimental
pollutants, including particulate matter (PM), nitrogen
dioxide (NO2), and ozone (03),' originate from a multitude
of sources, predominantly vehicular emissions, power
plants, and industrial activities’. The pervasiveness of air
pollution has transformed it into a pressing global concern’.

Cardiovascular diseases, cerebral vascular disease, and
ischemic heart disease are among the conditions that air
pollution may cause or worsen"*. The neurological system’,
the digestive system'’, and the urinary system' are all
negatively impacted by air pollution. There was evidence
that long-term exposure to ambient air pollution increased
the risk of death from any cause”’. Numerous respiratory
illnesses, including asthma, chronic obstructive pulmonary
disease (COPD), and lung cancer, are caused or made worse
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by air pollution . A number of chronic illnesses,

including diabetes, have been shown to be strongly
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associated with exposure to polluted air, making this a major

public health concern'™"”

Diabetes (DM), a metabolic disorder characterized by
elevated blood sugar levels, arises from either insufficient
insulin production or the body's inability to effectively
utilize insulin. Insulin, a crucial hormone, facilitates the
body's glucose uptake for energy generation”. The intricate
relationship between ambient air pollution and DM has
garnered substantial attention due to its profound
implications for public health. Delving into this association
is of paramount importance, considering the widespread
nature of air pollution as an environmental hazard and the
escalating prevalence of DM as a global epidemic.

This review delves into the underlying mechanisms fuelling
the connection between ambient air pollution and DM,
meticulously examines the robust epidemiological

Correspondence:

Dr. Shariq Rashid Masoodi, DM

Prof. Department of Endocrinology, SKIMS
Email: shariq.masoodi@gmail.com

DOI:
https://doi.org/10.33883/jms.v26i2.1290

How to cite this article: Masoodi SR, Najar IA. Ambient Air
Pollution and Diabetes. JMS 2023:26(2)4-11

Received: 2023-07-05  Accepted: 2023-07-05

This is an open-access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
author and source are credited.



Abeer I, et al; A detailed review of EGFR & HER2/NEU gene expression analysis in Gallbladder cancer

evidence supporting this association, and explores the
potential pathways through which air pollution may
contribute to the onset of DM.

1. AmbientAir Pollution

Ambient air pollution, an insidious yet pervasive aspect of
our environment, refers to the presence of harmful
substances in the air we breathe. These detrimental
pollutants, a complex mixture of solid particles and gases,
pose a significant threat to public health, with their
detrimental effects extending far beyond respiratory
ailments to encompass a wide range of physiological
systems.

e PM, a ubiquitous component of ambient air pollution,
is a heterogeneous mixture of solid particles and liquid
droplets suspended in the air’’. PM can be classified
based on its size, with PM 2.5, the finest particles with
a diameter of 2.5 micrometers or less, and PM 10,
slightly larger particles with a diameter of 10
micrometers or less, being the most commonly studied
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fractions™ ~. These minuscule particles, capable of

% have been linked to

penetrating deep into the lungs
a myriad of adverse health effects, including
respiratory illnesses, cardiovascular diseases, and

infant mortality™.

e Emissions of nitrogen oxide from vehicle engines
qualify as a traffic-related contaminant’™ *. When
breathed in at high enough concentrations, it irritates
the respiratory system and causes respiratory illnesses
such as coughing, wheezing, dyspnea, bronchospasm,
and pulmonary edoema. It seems that these negative
effects in humans occur at doses over 0.2 ppm, but at
concentrations above 2.0 ppm, T-lymphocytes,
especially the CD8+ and NK cells responsible for our
immunological response, are affected”. It has been
shown that chronic lung illness may be caused by long-
term exposure to high amounts of NO2. Smell
impairment may occur after prolonged exposure to
NO27. Trritation of the eyes, throat, and nose are
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among the symptoms reported ™, suggesting that the

symptoms are not limited to the respiratory system.

e  Animportant portion of the air pollution, especially in
cities, is O3, a smelly gas produced when nitrogen
oxides combine with sunlight and volatile organic

molecules™. Because of its irritating properties, O3
may worsen respiratory illnesses like asthma and
bronchitis and irritate the lungs. Furthermore, O3
exposure may lead to diminished cognitive
performance, decreased lung function, and an

increased vulnerability to respiratory infections™.

The presence of these harmful substances in the air we
breathe highlights the pressing need for effective strategies
to mitigate ambient air pollution.

2. Health Effects of Air Pollution

The insidious effects of ambient air pollution extend far
beyond DM, encompassing a broad spectrum of adverse
health outcomes. Its detrimental impact on respiratory
health is well documented, with exposure to air pollutants
linked to an increased risk of respiratory infections, asthma,
and COPD*.

These far-reaching health consequences underscore the

urgent need for comprehensive mitigation strategies to

address the multifaceted threat posed by ambient air
pollution. In addition to DM, air pollution has been linked to
anumber of other health problems, including:

Air pollution, a pervasive environmental hazard, extends its

detrimental impact on DM” and encompassing a range of

health complications. Its insidious effects manifest in the
form of:

1. Respiratory Problems: Air pollution triggers
respiratory ailments, including asthma and COPD, by
inflaming and damaging the airways™.

2. Cardiovascular Diseases: Air pollution exacerbates
cardiovascular diseases, such as heart attacks and
strokes, by promoting atherosclerosis, inflammation,
and blood clotting abnormalities™.

3. Cancer: Chronic exposure to air pollution increases the
risk of developing various types of cancer, including
lung cancer, due to its carcinogenic properties™.

4. Premature Death: Air pollution contributes to
premature mortality by accelerating the progression of
chronic diseases and increasing susceptibility to acute
respiratory infections’.

The intricate relationship between air pollution and DM is

influenced by a complex interplay of factors:

1. Genetic Susceptibility: Individuals with genetic
predisposition may be more susceptible to the harmful
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effects of air pollution *'.

2. Lifestyle Factors: Lifestyle factors such as smoking,
obesity, and physical inactivity amplify the risk of
developing DM, further potentiating the adverse
effects of air pollution™.

3. AirPollution and DM

More and more research points to air pollution as a major
risk factor for type 2 diabetes (T2D)". The link between air
pollution and DM has been the subject of many
investigations™’*. Epidemiological research and
experimental studies offer data confirming the association
between exposure to pollutants and increased DM risk™".
These results stress the need for more studies in this field.
The risk of developing gestational DM and of requiring
hospitalisation for type 2 diabetes were both linked to
prolonged exposure to PM2.5 components, according to
studies™”’
associations and organic matter may be the primary
mediator of the relationship between PM2.5 and DM,

another study found that long-term exposure to PM2.5

. Although age may moderate the aforementioned

(black carbon, nitrate, ammonium, soil particles, and
organic matter) is positively associated with DM. This
research identifies the factors that contribute to the link
between PM2.5 and DM and recommends regulating the
production of organic waste in order to reduce the
prevalence of PM2.5-related DM™. The positive
relationships between PM2.5 and the incidence of
T2Dmellitus were revealed in the meta-analysis of cohort
studies. The results shown that the risk of developing
T2Dmellitus would rise by 25% in the long-term exposure
for every 10-ug/m3 increase in PM2.5”. In a large Italian
population sample, a cross-sectional investigation indicated
a statistically significant correlation between self-reported
DM mellitus and yearly mean area levels of all air pollutants
tested (PM10, PM2.5, NO2, and 03)". Reduced glucose
metabolism is one effect of NO2 exposure”, although
increased levels of fasting blood glucose (FBG) and
glycated haemoglobin (HbAlc) were seen in PM2.5
exposure”®. There was a robust correlation between
changes in FBG levels and daily exposure to air pollutants,
according to Chen etal.”. Both FBG and HbA I ¢ levels were
shown to be raised after brief exposure to PM10, according
to Chuangetal.”.

Based on these results, lowering people's exposure to air

pollution should be a top priority in public health initiatives
aimed at avoiding type 2 diabetes. There is an immediate
need for comprehensive measures to reduce air pollution
emissions and defend public health from its negative
effects, since more and more studies are connecting it to
DM.

3.1 Mechanisms of Impact

While the precise mechanisms underlying this association
are still being elucidated, emerging research indicates that
air pollution's detrimental effects on insulin sensitivity [46]
and inflammation” may play a pivotal role in DM
development. Additionally, air pollution can exacerbate the
symptoms of individuals already diagnosed with DM,
posing further health complications. As we breathe in air
laden with pollutants, these harmful substances can
infiltrate our bloodstream, triggering a cascade of
detrimental effects.

Oxidative stress and inflammation, two key drivers of the
diabetic pathology, are activated by air pollutants.
Oxidative stress wreaks havoc on cellular functions,
ultimately leading to insulin resistance®. Furthermore,
pollutants disrupt the delicate balance of adipokines,
hormones secreted by adipose tissue, further exacerbating
metabolic dysfunction.

Researchers have delved into various pathways to elucidate
the intricate connection between air pollution, gut
microbiota and DM. These proposed mechanisms
encompass the impact of pollutants on mitochondrial
function, alterations in gut microbiota, and disruptions in

circadian rhythms®”*. Exploring these potential pathways
provides a more comprehensive understanding of how air

pollution may contribute to the onset of DM.

Inflammation, a hallmark of air pollution exposure, sets the
stage for cellular and tissue damage, extending to the
pancreas” . This vital organ plays a crucial role in glucose
regulation by producing insulin, a hormone that ensures
balanced blood sugar levels™. When the pancreas falls
victim to air pollution's toxic onslaught, its ability to
produce insulin diminishes, paving the way for DM
development. One of the primary mechanisms by which air
pollution promotes DM development is through the damage
it inflicts on the pancreas, the insulin-producing organ.
When the pancreas succumbs to this damage, its insulin
production capacity dwindles, leading to the development
of DM.
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Fig 1. Pictorial mechanism underlying pollution mediated diabetes mellitus

Additionally, air pollution can orchestrate a surge in
inflammation throughout the body. While inflammation
serves as a natural defence mechanism, its excessive
activation can damage cells and tissues. When
inflammation takes hold in the pancreas, it disrupts the
function of beta cells, the insulin-producing cells. As beta
cells falter in their insulin production, the risk of DM
escalates.

1. Mitigation Strategies

There are a number of potential strategies that can be used to
reduce the impact of air pollution on DM risk. Various
mitigation strategies that could be considered include policy
interventions, such as stricter emission regulations,
promoting clean energy solutions, and fostering public
awareness about the health effects of air pollution.
Addressing this issue requires a multi-faceted approach.

1. Firstly, we must reduce emissions from vehicles,
power plants, and industrial facilities through stricter
regulations and the adoption of cleaner technologies.

2. Transitioning to renewable energy sources like solar
and wind power is crucial to curb fossil fuel
dependence and its associated emissions.

3. Additionally, promoting public transportation,
cycling, and walkable infrastructure can significantly
reduce reliance on personal vehicles and their harmful
emissions.

4. Planting trees serves as a natural air filtration system,
effectively removing pollutants and improving air
quality.

5. On an individual level, reducing exposure to air
pollution is essential.

6. Monitor air quality forecasts and avoid outdoor
activities during periods of high pollution.

7.  Wearing a mask outdoors, particularly in polluted
areas, provides a protective barrier against airborne
particles.

8. Keeping windows closed when air quality is poor
minimizes indoor pollutant infiltration. Installing air
purifiers can further enhance indoor air quality.

By implementing these measures, we can collectively
mitigate the adverse effects of ambient air pollution and
safeguard public health.

CONCLUSION

In conclusion, the accumulating evidence highlights the
intricate interplay between air pollution and DM. The
mechanisms by which air pollutants exert their detrimental
effects on metabolic health are multifaceted and complex.
As our understanding deepens, it becomes increasingly
clear that addressing air pollution is not only crucial for
respiratory health but also holds significant implications for
preventing and managing DM.
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DM has reached alarming levels globally. According to
recent statistics, the prevalence of DM has been steadily
increasing, affecting millions of people worldwide. This
rise in cases emphasizes the urgency of understanding the
factors contributing to this disease. The evidence linking
ambient air pollution and DM is compelling. Understanding
the mechanisms involved and implementing effective
mitigation strategies is crucial for public health. By
addressing air pollution, we have the opportunity to combat
not only DM but also other related health conditions. It is
imperative to prioritize this issue and work towards a
cleaner and healthier environment.
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