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ABSTRACT: Diabetes is on the rise worldwide with a growing suspicion of association 

between environmental pollutants and diabetes. This paper reviewed the roles of environmental 

pollutants in the pathogenesis and increasing incidence of diabetes. Relevant information was 

retrieved from reliable sources in the internet using Google search engine. The review found 

that studies have established environmental pollutants aid in the pathogenesis of diabetes by 

causing blood vessel rupture and insulin resistance. Toxic chemicals in pollutants may destroy 

or cause mutation in pancreatic β-cells, disrupting its insulin production. People are therefore 

advised to live far away from polluted or industrial environment. © JASEM 

http://dx.doi.org/10.4314/jasem.v21i1.1  
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INTRODUCTION 
Diabetes is a chronic disease that occurs either when 

the pancreas does not produce enough insulin or 

when the body cannot effectively use the insulin it 

produces. Insulin is a hormone produced by beta cells 

in the islets of Langerhans in the pancreas and 

regulates blood glucose (USNIH, 2014). There are 

three main types of diabetes, namely type 1, type 2, 

and gestational diabetes. Type 1 diabetes is an 

autoimmune disease which occurs when the body 

produces too little or no insulin and glucose 

accumulate in the blood. It develops most often in 

young people, however, it can also develop in adults. 

Type 2 diabetes can affect people of all ages, even 

children. However, it most often develops in middle-

aged and older people when the pancreas suddenly 

stops producing insulin, or the body does not respond 

to the insulin produced. Gestational diabetes is a 

temporary condition that occurs during pregnancy, 

but it poses an increased risk of developing diabetes 

for both mother and child. A common effect of 

uncontrolled diabetes is a raised blood sugar 

(hyperglycemia) which may over time cause serious 

damage to the body, especially the nerves and blood 

vessels. Other effects of diabetes include increased 

risk of heart attacks and strokes, foot ulcers, infection 

and eventual need for limb amputation, blindness, 

and kidney failure (USNIH, 2014). 

 

Diabetes is on the rise in many countries with the 

attendant huge burden on national development. 

About 415 million people worldwide were diagnosed 

with diabetes in 2015, of which about 4 million cases 

were recorded in Nigeria (IDF, 2015). More 

worrisome than the high incidence of diabetes is its 

high mortality. In 2012, diabetes was the direct cause 

of 1.5 million deaths and high blood glucose was the 

cause of another 2.2 million deaths, worldwide 

(ADA, 2015). In Nigeria, 105, 091 deaths were 

recorded from diabetes in 2012 (IDF, 2013), and 

40,815 adults alone died from the disease in 2015. 

Aside the burden of health, diabetes has caused a 

huge economic burden too. Worldwide, a huge sum 

of 174 billion dollars was spent on diagnosed 

diabetes in 2007, and in 2012, the total cost was 245 

billion dollars (ADA, 2015). In Nigeria, the cost per 

person with diabetes was 212.3 dollars in 2015. Over 

99 % of all the reported cases of diabetes are type 2 

diabetes mellitus mostly in low-to-middle income 

countries (ADA, 2015). 

 

The increasing incidence of diabetes is worrisome 

and has been generally attributed to increasing weight 

gain (obesity), poor diets, and lack of exercise. 

However, in the last few decades, environmental 

chemicals have also been suspected in the 

pathogenesis of diabetes (Lee et al., 2006). Many 

surveys and some scientific studies have shown a 

high incidence of diabetes among people living in 

polluted environment, but it is still not clear the 

mechanisms by which environmental pollutants cause 

diabetes. Therefore, this paper was intended to 

review and provide evidences linking pollutants to 

the increasing incidence of diabetes. 



The Roles of Environmental Pollutants in the Pathogenesis 6 

 

YAHAYA, T; OBAROH, I; OLADELE, EO
 

 

MATERIALS AND METHOD 

Google search engine was used to search for current 

information on diabetes types, causes and prevalence. 

The search was first done for global information on 

diabetes and later narrowed down to Nigeria. 

Literature were sourced from reliable sources such as 

PubMed, Google Scholar, Medline, Agencies, Blogs, 

among others. 

 

RESULTS AND DISCUSSION 

Although association between environmental 

pollutants and diabetes is a neglected issue, all the 

articles reviewed have established a link between 

pollutants and diabetes. The link was first observed 

by Lockwood in 2002 in the United States of 

America. Lockwood found that states with high toxic 

emissions had high prevalence of diabetes compared 

with states with low emissions (Lockwood, 2002). 

However, he could not explain the nature of 

association between them. Since then many 

researchers have tried to explain the association 

between pollutants and diabetes using human and 

animal studies. 

 

Evidence from Human Studies: A study from Chile 

found elevated levels of particulate matter in children 

that developed type 1 diabetes, suggesting pollutants 

may play a role in the pathogenesis of diabetes 

(González et al., 2013). A German study also found 

that high exposure to traffic-related particulate matter 

accelerates the pathogenesis of type 1 diabetes, but 

only in very young children (Beyerlein et al,. 2015). 

A number of long-term studies have found that 

exposure to traffic-related air pollution is associated 

with an increased risk of type 2 diabetes in adults. 

Adults in Denmark had an increased risk of diabetes 

when exposed to higher levels of traffic-related air 

pollutant containing nitrogen dioxide (Andersen et 

al., 2012). A study conducted among nurses also in 

Denmark found that those who lived in areas with 

higher levels of traffic-related pollutants had a higher 

risk of developing type 2 diabetes. The associations 

were strongest in non-smokers, obese people, and 

heart disease patients (Hansen et al., 2016). Although 

toxicity differs among traffic-related pollutants, they 

can cause oxidation of lipids and proteins, or activate 

intracellular oxidant pathways. So, production of 

oxidative stress is a possible mechanism by which 

traffic-related pollutants cause insulin resistance. In 

addition, some studies have reported that short-term 

and long-term increases in particulate matter and 

NO2 exposure may lead to elevated inflammatory 

biomarkers (Lodovici and Bigagli, 2011). 

 

In 2006, a South Korean team found that people with 

diabetes tended to have elevated concentrations of 

pollutants including dioxins in their blood. They also 

discovered that all the risks of diabetes attributed to 

obesity are actually caused by persistent organic 

pollutants, and that obesity is only a vehicle for such 

chemicals (Portal, 2006). Interestingly, an earlier 

study had shown a high prevalence of diabetes 

among US veterans who were exposed to dioxins 

during the Vietnam War (Kern et al., 2004). A 

Taiwanese study found that people living near 

contaminated sites with higher levels of dioxin had 

higher levels of insulin resistance (Chang et al., 

2010). A follow-up study by the same authors found 

that men with the highest dioxin levels had insulin 

resistance 5-fold higher than those with the lowest 

levels (Chang et al., 2016). Dioxins are formed 

during combustion of plastics, particularly in 

municipal and medical waste incinerators, and may 

alter insulin metabolism. Dioxins can concentrate in 

body fats, thus obese individuals are likely to have an 

increased dioxin body burden. 

 

In a prospective follow-up study, the incidence of 

type 2 diabetes was two- to fivefold higher in 

residents chronically exposed to arsenic compared 

with subjects living in low-exposure areas. In the 

study, type 2 diabetes was much more frequent in 

older age groups who experienced long-term arsenic 

exposure. In America, a survey of 788 adults in 2003-

2004 showed that participants with type 2 diabetes 

had a 26 % higher level of arsenic in their urine than 

those without the disease (Wilbert, 2008), There are 

several possible mechanisms by which inorganic 

arsenic may contribute to diabetes. Insulin-sensitive 

cells that are exposed to insulin and arsenic appear to 

take in less glucose than cells exposed only to 

insulin. Arsenic could influence genetic factors that 

interfere with insulin sensitivity and other processes. 

Arsenic may also contribute to oxygen-related cell 

damage, inflammation, and cell death, all of which 

are linked to diabetes (Wilbert, 2008). 

 

Several cross-sectional studies showed an association 

between Bisphenol A (BPA) and phthalate and type 2 

diabetes. In 2012, United States Pediatric 

Environmental Health Specialist Units (USPEHSU) 

reported that exposure to BPA during pregnancy 

could cause obesity and diabetes (Waxman, 2016). A 

study from the Miguel Hernandez University in Spain 

reported that BPA can trigger the release of almost 

double the insulin actually needed to break down 

food. High insulin levels can desensitize the body to 

the hormone over time, which in some people may 

then lead to weight gain and type 2 diabetes (Lynne, 

2012). In a 19-year follow-up human study, the 

incidence of type 2 diabetes increased with the 

plasma levels of hexachlorobenzene. In the same 
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study, the incidence of type 2 diabetes in subjects 

with a high total polychlorinated biphenyl plasma 

concentration was 1.7-fold higher than that of 

subjects with a low concentration (Jean et al., 2015). 

A prospective cohort study also reported urinary BPA 

and butyl phthalate were associated with type 2 

diabetes (Jean et al, 2015). BPA and phthalate are 

chemicals used in making plastic products. These 

chemicals can leach from plastic containers into 

foods and beverages, disrupting glucose homeostasis, 

insulin secretion and adipogenesis (Jean et al., 2015). 

 

Evidence from Animal Studies: A recent study 

showed that rats fed a crude fish oil diet containing a 

low-dose POPs mixture developed visceral obesity, 

hepatosteatosis and insulin resistance. POPs in the 

fish oil elevate total cholesterol levels and aggravate 

insulin resistance. POPs have also been linked with 

metabolic syndrome, which predisposes to type 2 

diabetes and shares the underlying pathogenesis of 

insulin resistance with type 2 diabetes (Jean et al., 

2015). 

 

Researchers from Duke University exposed a group 

of lab rats to Beijing air and another group to filtered 

air for 19 days. At the end of exposure, the group that 

got the highly polluted Beijing air had higher bad 

cholesterol levels (50 %), triglycerides (46 %) and 

total cholesterol (97 %). These are factors that can 

increase the risk of developing obesity and diabetes. 

The male rats in the group exposed to Beijing air 

were 18 % heavier than their filtered air counterparts, 

while the female rats were10 % heavier. One of the 

authors in the study concluded that if the same 

metabolic dysfunction were confirmed to occur in 

humans, there is an urgent need to reduce air 

pollution, given the growing burden of obesity in 

today’s highly polluted world (Sarah, 2016). 

 

Chinese scientists also found that particulate air 

pollutants actually changed DNA in mouse 

mitochondria. The process leading from air pollution 

to insulin resistance is thought to involve oxidative 

stress from the free radicals in the pollutants. 

Mitochondria is the powerhouse of the cell, once its 

DNA is impaired, then its functions will be impaired 

(David, 2012). Oxidative stress caused by exposure 

to arsenic has also been shown to decrease glucose-

stimulated insulin secretion in vitro. In adipocytes, 

arsenic increased insulin resistance by suppressing 

the insulin signaling cascade and glucose uptake 

(Jean et al., 2015). 

   

Although high levels of POPs have been shown to be 

associated with diabetes in humans, they have been 

shown to have positive associations with type 2 

diabetes in some animals, in vitro. So thorough 

animal studies are needed to clarify the pathogenesis 

and mechanisms by which POPs affect the 

development of type 2 diabetes and metabolic 

disorders (Jean et al., 2015).  

 

Conclusion: Several papers reviewed established 

environmental pollutants may play a role in the 

pathogenesis of diabetes, however, their mechanisms 

of actions are not clear. Therefore, more studies are 

needed to clarify the mechanisms by which pollutants 

exacerbate diabetes pathogenesis. People are advised 

to live far away from polluted or industrial 

environment, and they should make sure their foods 

and drinks are free from pollutants. 
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