
1. Introduction
Air pollution is the presence of undesirable substances in 
the air to the extent that it can cause harmful effects on 
living organisms (1). Many of these pollutants enter the 
atmosphere in a way that is not currently controlled by 
humans, yet in most densely populated areas, especially 
industrialized countries, the main source of these pollutants 

is human activities (2-4). Today, the intensity of pollutants 
such as polycyclic aromatic hydrocarbons, heavy metals, 
benzene, sulfur dioxide (SO2), hydrocarbons, nitrogen 
oxides (NO2), particulate matter (PM10, PM2.5, PM1), and 
ozone (O3) has reached a global level, which is critical 
for living (2,3,5). The concern about air pollution, which 
hurts both people and the environment, has compelled 
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Abstract
Air pollution, which has long been recognized as a tangible problem due to its harmful 
consequences, causes irreparable damage to human health. This study investigated the 
relationship between long-term exposure to toxic air pollutants and the increased risk 
of malignant diabetes. In this study, 800 articles were found in the initial literature review. 
Databases used for searching included the Web of Science, Google Scholar, PubMed, and 
Science Direct (Scopus). In the end, 18 papers were selected. Then, all relevant studies published 
from 1994 to 2021 were identified. The literature showed that exposure to toxic air pollutants 
and their inhalation can cause complications in various organs. Chronic diabetes, caused by 
the reduced production of insulin by the pancreas or its failure to use it, may lead to numerous 
impairments and permanent effects, including amputation, renal failure, and mortality. Inhaling 
air pollution causes both acute and chronic heart conditions, persistent respiratory conditions, 
asthma episodes, neuroendocrine and immunological abnormalities, infertility, premature birth, 
diabetes, pulmonary, prostate, and blood malignancies, as well as mortality. This study indicates 
that air pollution affects pancreatic function, which can increase the probability of developing 
diabetes. The research also found that inhaling these substances can raise the prevalence of 
diabetes and have various adverse effects.
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people to seek successful ways to mitigate and manage 
it (6,7). The rising problem, worsened by the expansion 
of many different industries and intricate human 
innovations, has significantly impacted the health of the 
general population (8,9). Hence, getting contaminated 
with hazardous airborne particles can lead to a variety of 
mild to serious diseases, depending on the duration and 
extent of exposure. In other words, short-term exposure 
to pollutants can cause complications such as cough, 
dizziness, redness, itching of the eyes, and shortness of 
breath and the consequences of long-term exposure to 
them include chronic lung disease, heart attack, stroke, 
infertility, miscarriage, diabetes, cancer (blood, lung, 
liver, prostate, and brain), and eventually death (10,11). 
Therefore, due to the presence of toxic compounds and 
pollutant particles, air pollution is known as an important 
risk factor exacerbating the risk of many diseases (12).

As a chronic disease, diabetes occurs due to inadequate 
production of insulin by the pancreas or the failure of the 
body to properly use the insulin that is generated. As a 
consequence, blood glucose levels exceed the normal 
range (13,14). Hyperglycemia is the main symptom of 
uncontrolled diabetes, resulting in significant harm to 
multiple organs in the human body, particularly the 
venous system of the brain. The prevalent forms of this 
disease are type 1 diabetes (requiring insulin), type 2 
diabetes (not reliant on insulin), as well as gestational 
glucose intolerance (occurring during pregnancy (15-
17). Type 1 diabetes, additionally referred to as diabetes 
dependent on insulin, develops when the body’s immune 
response targets the pancreatic beta cells responsible for 
producing insulin due to both environmental and genetic 
factors, resulting in the development of the disease (18). 
Type 2 or non-insulin-dependent diabetes, which is more 
common in adults, is caused by a sedentary lifestyle, and 
consumption of high-fat foods and fast foods, which in 
turn triggers the resistance of the body cells to the hormone 
insulin. Another type of diabetes is gestational diabetes, 
which sometimes affects women during pregnancy and 
usually disappears after giving birth (19). The onset of 
type 1 diabetes is associated with symptoms such as 
frequent urination, extreme tiredness, sudden weight loss, 
blurred vision, and recurrent infections. These symptoms 
are less severe in type 2 diabetes. However, their onset can 
take a long time and the disease can be diagnosed years 
after infection (20).

Heavy metals are naturally occurring elements that 
have high atomic weights and densities, nearly five times 
higher than that of water. It is essential that less than 
100 parts per million (ppm) of micronutrients (the trace 
minerals) such as Mn, Cu, Ni, Zn, and Fe be eaten in daily 
meals, meaning that they are required in much smaller 
quantities compared to macronutrients like nitrogen, 
phosphorus, and potassium (21). Metal ions are necessary 
for a variety of physiological functions. According to a 
previous study, variations in these metal levels hurt well-
being, such as islet inflammation that can cause diabetes. 

However, certain heavy metals, such as Cd, Ni, Hg, As, 
and Pb, have high levels of toxicity that can harm human 
health (22). Several dangerous metals were found to affect 
glucose absorption as well as control in patients with type 
2 diabetes mellitus (T2DM). The level of heavy metals in 
people with diabetes compared with non-diabetic controls 
has been measured in several studies (23). The findings 
show that various levels of heavy metals have a role in how 
rapidly diabetes mellitus develops. Interactions among 
unrestricted pollution, industrialization, and hazardous 
metals such as Pb, Ni, Cd, and Hg can lead to disruptions 
in the digestion of glucose and other problems. Human 
exposure is possible in a variety of ways, however, there 
is currently no evidence relating heavy metals to type 2 
diabetes, except for arsenic (24).

The purpose of this review study was to evaluate the 
associations between the increased risk of diabetes and air 
pollutants, including polycyclic aromatic hydrocarbons, 
heavy metals, benzene, sulfur dioxide, hydrocarbons, 
nitrogen oxides, PM, and ozone.

2. Materials and Methods
2.1. Criteria for Eligibility and Search Approach
A systematic search was performed across five online 
databases (Web of Science, Springer, PubMed, Google 
Scholar, and Science Direct) to find appropriate papers 
written between 1994 and 2024, exclusively in the 
English language. The search was performed using 
combinations of the following terms: PM, benzene, poly 
aromatic hydrocarbons, heavy metals, ozone, nitrogen 
oxides, sulfur dioxide, and hydrocarbons. A total of 800 
documents were gathered from the databases (Table 1).

2.2. Key Findings
Data collection was carried out using Medical Subject 
Heading (MeSH) and specific terms like “Toxic air 
Pollutants”, “Diabetes”, “Toxic air Pollutants and 
diabetes”, “risk factors”, “Long-term Exposure”, and 
“type 2 diabetes”. The literature review focused on 
investigations published between 1994 and 2024. A total 
of 103 documents were identified in the Springer Nature 
Link, 170 articles in Science Direct (Scopus), 119 articles 
in the PubMed database, 315 publications in the Google 
Scholar, and 315 articles in the Web of Sciences.

2.3. Study Selection
Based on the previous requirements, an initial assessment 
was carried out on the 800 articles. After eliminating 
duplicate and inappropriate publications based on 
the eligibility criteria, a total of 115 papers were found 
through searching databases for this review. In addition, 
an additional 21 papers were found via different sources. 
After removing the duplicates, 43 original records were 
screened. Furthermore, a total of 93 papers were identified 
and derived from searching the databases. Throughout 
the following procedure, a total of 51 studies were 
carefully reviewed and subsequently eliminated from 
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consideration. After being considered eligible, 27 full-text 
papers were screened. In summary, a total of 18 papers 
were chosen for this research. The process of selecting 
papers is shown in Fig. 1. 

3. Results and Discussion
3.1. Air Pollution
The capacity of the environment to survive and the 
health of humans and other organisms are all gravely 
challenged by the rise in air pollution that has happened 
in recent years as a result of economic expansion and the 
remarkable advancement of human communities (25). 
PM and polluting gases in the environment resulting from 
the overuse of petroleum and coal, the use of secondhand 
automobiles, and indifference to solutions for reducing 
and regulating emission levels from manufacturing 
facilities and factories lead to challenges for both the 
economic development of a country and health of people 
and their communities (26). The term “air pollution” 
implies the accumulation of tiny solids as well as liquids 
and harmful gases in the air that occur at levels that are 
dangerous to both people and the environment (27). 
Hazardous substances affect the environment as a result 
of natural events and human activities and have negative 
effects on both human well-being and the environment, 
which can cause extensive apprehension in human 
communities. The Environmental Protection Agency 
(EPA) established standards for 6 common contaminants 
that are monitored daily by air quality monitoring 
stations: carbon monoxide, lead, nitrogen oxides, sulfur 
dioxide, fine particulates, and ozone. The inhalation of 
dangerous air pollution particles results in thousands 
of deaths annually. Air contaminants that are inhaled 
can have immediate as well as long-term impacts on 
human well-being, organs, and various parts of the body. 
These contaminants include nitrogen oxides, carbon 
monoxide, sulfur dioxide, organic volatile compounds, 
ozone, toxic metals like lead, and particle matter (28). 
Airborne pollutants can have both immediate and long-
lasting impacts on human well-being through multiple 
mechanisms. The extent of the effects varies among 
people with disabilities, with certain groups being more 
prone to the negative consequences of contaminated air. 
Therefore, children, the elderly, pregnant women, and 
those with previous medical histories are particularly 
susceptible to the negative effects of air pollution. Being 

exposed to primary pollutants, such as hydrocarbons, 
carbon monoxide, nitrogen dioxide, and others, that 
are emitted directly from pollution sources can cause 
various adverse impacts on human well-being and the 
environment (29). Among the majority of contaminants, 
dust is categorized as a secondary pollutant. It develops 
when ultraviolet (UV) radiation from sunlight, humidity, 
and photochemical processes such as hydrolysis and 
oxidation combine with the primary contaminants, ozone, 
sulfur dioxide, and nitric acid. The cause of pollutants 
differs based on their classification, with some being 
natural and others being created by humans. Pollutants 
come from both fixed (like petrochemical, chemical, and 
power plants) and dynamic (like automobiles, aircraft, 
and trains) origins (30). The main sources of hazardous 
air pollution are shown in Fig. 2.

3.2. Diabetes
There are various mechanisms in the human body, proper 
functioning of which creates a state of complete health 
and maintains it in the person. Given that hormones 
play a key role in all biological processes as chemical 
transporters, disrupting their function can have many 
unpleasant consequences (31). Chronic diabetes is a 
disease that occurs due to high blood glucose levels caused 
by insufficient insulin production or the inability of the 
body to properly use this hormone, which is responsible 
for controlling blood sugar. In this case, glucose, which 
is used as the main source of energy, accumulates in the 
blood and does not reach the cells (18). The most common 
types of diabetes are type 1 diabetes, type 2 diabetes, 
and gestational diabetes. In type 1 diabetes, which is an 
autoimmune disease, the immune system mistakenly 
attacks and kills the insulin-producing beta cells in the 
pancreas for some reasons (32). People with this type 
of diabetes experience a wide range of symptoms, such 
as increased thirst (polydipsia), unwanted weight loss, 
frequent urination, blurred vision, fatigue, and mood 
swings, and need daily insulin injections, which is why 
diabetes is called insulin-dependent (33,34). In type 2 or 
non-insulin dependent diabetes, the body does not use 
the available insulin properly, which is mostly due to an 
unhealthy diet full of sugar and inactivity, especially in 
the elderly. Type 2 diabetes is the most common type of 
the disease, which is associated with symptoms including 
increased hunger, polydipsia, increased urination, blurred 

Table 1. Search Terms and Results Obtained

Term Springer Nature Link Science Direct PubMed Google Scholar Web of Science Results

Toxic air pollutants 25 48 18 98 11 200

Diabetes 13 39 10 46 5 113

Toxic air Pollutants and diabetes 23 34 28 20 9 114

Risk factors 10 21 33 52 22 138

Long-term exposure 25 12 24 64 37 162

Type 2 diabetes 7 16 6 35 9 73

Total 103 170 119 315 93 800
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vision, and ulcers that heal slowly (due to elevated blood 
glucose levels and recurrent infections) (34). In this type of 
disease, fat cells, muscles, and liver do not use insulin well, 
which is why less glucose enters the cells. Initially, due to 
the need for more cells, the pancreas tries to increase the 
amount of insulin secretion, forcing the cells to consume 
more glucose, but it can last longer. Obesity and lack of 
physical activity increase the risk of developing type 2 
diabetes (35). The third most common type of diabetes 

is gestational diabetes, which is hyperglycemia with 
higher than normal blood glucose levels but less than the 
diagnostic values of diabetes and often occurs in women 
who are overweight during pregnancy (36). This type of 
diabetes, which is the result of hormonal changes during 
pregnancy, is diagnosed through prenatal screening and 
usually disappears after the baby is born, but the baby will 
be at risk for type 2 diabetes (37). Diabetes is a disease that 
affects the ability of the body to produce or use insulin 
to convert glucose into energy, so it can be effectively 
managed and controlled when it is diagnosed early. 
However, diabetes can lead to potential complications 
that include heart disease, stroke, kidney damage, and 
nerve damage if left untreated (38).

3.3. Complications of Diabetes on Various Organs
Usually, after eating and drinking, the body breaks down 
the sugar in food and uses it to produce energy in the cells. 
The pancreas needs to produce insulin to perform the 
processes of extracting sugar from the blood and sending 
it to the cells for use and production of energy. Patients 
with diabetes have many problems in the implementation 
of these mechanisms that affect important parts of the 
body system and organs (39). Fig. 3 shows the impact of 
diabetes on various organs.

3.4. Endocrine, Excretory, and Digestive Systems
When the body is unable to use the insulin secreted by 
the pancreas for some reasons or the amount of hormone 

Fig. 1. Representation of the Search Strategy Based on PRISMA Flow Diagram

Fig. 2. Sources of Toxic Air Pollutants
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produced is not enough, alternative hormones are used 
to convert fat into energy. These hormones can produce 
high levels of toxic chemicals, including acids and ketones, 
which can lead to diabetic ketoacidosis with symptoms 
including excessive urination and fatigue (40). High blood 
sugar and high levels of ketones in the urine can confirm 
ketoacidosis, which can lead to loss of consciousness 
and even death if left untreated. High blood sugar levels 
can also lead to gastroparesis (difficulty emptying the 
stomach) with complications such as nausea, vomiting, 
bloating, and heartburn (41).

3.5. Kidney Damage
Diabetes damages the small blood vessels in the kidneys, 
which affects the filtering of feces and waste products 
into the blood. As a result, the excessive accumulation of 
fluid in the ankles, feet, and legs can cause swelling. The 
protein may even be excreted by the kidneys and appear 
in the urine, which is called nephropathy (42). In general, 
the amount of albumin excreted in the urine of a healthy 
person is very small and its increase is a sign of kidney 
damage and dysfunction, which can be followed only 
by urinalysis; therefore, albumin is tested annually in 
diabetics. When the excretion of albumin due to kidney 

damage exceeds 300 mg in the urine within 24 hours, it 
will gradually lead to kidney failure over a long period in 
individuals with uncontrolled diabetes (43). When kidney 
failure occurs, during the increase of urea and creatinine in 
the patient’s blood, the activity of the kidneys to eliminate 
toxins from the body gradually decreases to the point 
that the person needs dialysis and kidney transplantation 
due to kidney dysfunction and failure. In addition to 
diabetes, a person with kidney failure is more prone to 
consequences, including eye, heart, and cardiovascular 
damage, which can make treatment more difficult and 
drastically reduce their quality of life (44).

3.6. Circulatory System
Diabetes increases the risk of high blood pressure, which 
increases the pressure on the heart and increases the 
amount of glucose in the blood. As a result, fat builds 
up in the walls of the arteries, which restricts blood 
circulation and increases the risk of atherosclerosis over 
time (45). In this disease, the walls of the blood vessels 
thicken and as a result of the narrowing of the blood flow, 
which usually occurs in the arteries around the heart, not 
enough oxygen reaches the organs, resulting in problems 
such as hair loss, weak and thin hair, brittle nails, and pale 

Fig. 3. Effects of Diabetes on Various Organs
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skin. When the blood flow is compromised, it gradually 
affects the limbs, so that the narrowing of the arteries in 
the limbs causes a feeling of pain when walking, which is 
called intermittent limping. This condition can also lead 
to peripheral nephropathy (decreased sense of touch in 
the fingers and toes) or increase the risk of amputation 
as a result of poor blood circulation and damage to the 
nerves in the foot (46).

3.7. Skin
Diabetes can also affect the largest organ in the body, the 
skin. Decreased body moisture due to high blood sugar, 
along with dehydration, can cause dry skin and cracking 
of the feet, which can lead to fungal and bacterial activity 
and infection between the toes and corners of the mouth, 
with symptoms including redness, blisters, and itching 
(47,48). Excessive pressure under the feet can also lead to 
calluses, which can become infected, increasing the risk 
of amputation. Inflammation, folliculitis (infection of 
the hair follicles), cilia, and nail infections are other skin 
complications of diabetes that are usually eliminated by 
controlling blood sugar (49,50).

3.8. Central Nervous System
Diabetes can lead to diabetic neuropathy or nerve damage 
(51). This condition can affect the sensation of heat, cold, 
and pain in the legs and make the patient’s body prone to 
various injuries and wounds (52). Diabetes can also cause 
swelling of the blood vessels in the eyes, called diabetic 
retinopathy, and can progress to the point where it can 
damage vision or even cause blindness (53).

3.9. Air Pollution and its Effects on Diabetes
According to previous studies, many people die every 
year due to the inhalation of toxic pollutants created by 
the daily development of industries and the expansion 
of power plants and their destructive effects on various 
vital organs. Inhaled pollutants enter the body through 
the bloodstream after crossing the immune system 
barrier and entering the lower respiratory tract, and after 
reaching the organs through various mechanisms, they 
disrupt the proper functioning of that organ and cause a 
variety of diseases including asthma and allergies, chronic 
obstructive pulmonary disease, infertility, stillbirth, heart 
attacks, stroke, diabetes, various cancers (blood, lung, 
pancreas, and breast), and eventually death (54). In recent 
years, various studies have been conducted on the risk 
factors for diabetes, the results of which show the impact 
of various genetic and environmental factors such as air 
pollution on the disease (55). The exact mechanism of the 
link between air pollution and diabetes has not yet been 
fully understood. However, scientists believe that some 
pollutants can enter the bloodstream after respiration and 
react with organs and tissues (55,56). These interactions 
ultimately result in the proper functioning of internal 
organs. It can also disrupt the pancreas, which is 
responsible for producing insulin (57).

3.10. Air Pollution and Impaired Glucose Metabolism
Among environmental factors, in addition to a sedentary 
lifestyle and obesity, air pollution can cause mild insulin 
resistance and impair glucose metabolism by causing 
mild inflammatory reactions and hormonal dysfunction. 
Air pollution can also cause insulin resistance in cells 
by exacerbating inflammation and tissue swelling 
(58,59). Air pollution also affects glucose control. Air 
pollution stimulates systemic allergic and inflammatory 
reactions, causing immune and autonomic responses, 
and increasing cortisol secretion, weight gain, increased 
appetite, decreased fat metabolism, and high blood sugar 
level. Finally, it can cause blood sugar fluctuations and 
affect blood sugar control (60).

3.11. Air Pollution-Related Heart Disease and Diabetes
In some cases, air pollution affects the cardiovascular 
system and changes the heart rate, causing inflammation, 
endothelial dysfunction, and prothrombotic changes. 
During these disorders, with the death of insulin-
producing cells (these cells are very sensitive to 
environmental pollutants), the production of insulin in 
the body decreases or affects other organs, and reducing 
their sensitivity to insulin eventually leads to diabetes (61). 
Long-lasting exposure to air pollutants has additionally 
been proven to impact the regulation of glucose levels in 
the body. A study of a group of Chinese people showed 
that an interquartile range increase of 41.1 μg/m3 in 
PM2.5 was significantly associated with increased levels of 
fasting blood glucose (an elevated level of 0.26 mmol/L) 
and HbA1c (a rise of 0.08%) (62).

3.12. Dust and Diabetes
Dust particles, which are among the most important 
components of air pollution, can cause stress. The 
production of free radicals in the body increases and the 
conditions for a person to develop diabetes are provided. 
Therefore, air pollution, even at levels that are considered 
safe, is associated with an increased risk of diabetes in 
people (63). Given that heavy metals such as Cd, Zn, Pb, 
Cu, and Ni can bind to the surface of PM and cause adverse 
effects when inhaled, scientists are investigating the 
important role of minor components, heavy metals, and 
metal ions (such as Se or Ar) in the increased prevalence 
of type 1 diabetes mellitus (T1DM) (64). Alghobashy et al 
revealed that the diabetic group had notably lower blood 
concentrations of Se, Zn, Mg, and Cu compared to the 
control group (64). These results are consistent with the 
findings of Özenç et al, who reported decreased levels 
of serum Se and Zn and normal levels of blood Cu in 
children with type 1 diabetes (T1D) in comparison with 
the control group (65).

3.13. Diagnosis of Diabetes
Diabetes can be diagnosed by a specialist based on 
plasma glucose concentration (fasting or two-hour 
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plasma glucose), which measures pancreatic function 
and insulin secretion (66). A fasting blood sugar level of 
100-125 indicates latent diabetes, and if the number is 
126 or higher, it indicates type 2 diabetes. In a two-hour 
blood glucose test, the amount of glucose in the blood is 
measured after drinking the glucose solution. A blood 
sugar level of 140-199 mg/dL indicates latent diabetes, 
and a blood sugar level of 200 mg/dL or higher indicates 
diabetes (67).

3.14. Heavy Metals and Diabetes
Heavy metals are naturally occurring elements that have 
high atomic weights and densities, nearly five times higher 
than that of water. Metal ions are necessary for a variety 
of physiological functions. According to a previous study, 
variations in these metal levels hurt well-being, such as 
islet inflammation that can induce diabetes. However, 
certain heavy metals, such as Cd, Ni, Hg, As, and Pb, have 
high levels of toxicity that can harm human health (22). 
Several hazardous metals were found to affect glucose 
absorption as well as glucose control in patients with 
T2DM. The level of heavy metals in people with diabetes 
compared with non-diabetic controls has been measured 
in several studies (23). Metals like Fe, Zn, and Mn perform 
critical biological functions. As, Cd, Pb, and Hg buildup 
in the body is dangerous. Industrial, medicinal, and 
agricultural activities have resulted in the accumulation of 
these dangerous chemicals in the environment, including 
air, water, and soil (68). High concentrations of heavy 
minerals are related to diabetes, nevertheless, their root 
cause is unknown. Laboratory tests indicate that patients 
with diabetes have low levels of Zn, Mn, and Cr but high 
levels of Cd and iron (69). Several studies associate a metal 
ion imbalance with diabetes due to its impact on pancreatic 
cells. One heavy metal associated with glycolysis is As. 
During aminolysis, As replaces ionic phosphorus with 
arsenate to hinder glycolysis ATP generation. As bonds 
readily to -SH. It leads insulin molecules and receptors 
to generate a covalent bond, degrading their activities. As 
can hinder the release of insulin by generating reacting 
free oxygen radicals in tissues (23). Uncoupling protein-2 
(UCP2) controls the release of insulin and causes the 
inner membrane of the mitochondrial protons to leak. 
Research indicates that the superoxide-UCP2 pathway 
could impede releasing insulin via pancreatic β cells. 
Metals such as As may generate oxidants. A rise in 
superoxide levels in β cells reduces insulin production. Cd 
can limit glycolysis in the liver and muscles by inhibiting 
phosphofructokinase activity (70).

4. Conclusion
In this study, the relationship between long-term 
exposure to toxic air pollutants (heavy metals, benzene, 
polycyclic aromatic hydrocarbons, nitrogen oxides, sulfur 
dioxide, hydrocarbons, particulate matter, and ozone) 
and the increased risk of diabetes was investigated. The 
results of the study proved that toxic air pollutants have 

a synergistic effect on increased rates of diabetes that 
occur in different age groups among humans. The most 
important activities that reduce the emission of harmful 
air pollutants are the use of environmentally friendly 
processes in heavy industries (oil, gas, petrochemicals, 
and steel), the replacement of conventional vehicles with 
hybrid and electric vehicles, an increase per capita green 
space, development of public transportation, and raising 
public awareness that can play a very effective role in 
reducing the effects of dangerous pollutants on public 
health, especially the risk of diabetes.
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