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Atmospheric Pollution and Diabetes Mellitus

Sunetra Mondal1, Subhankar Chowdhury2

Abstract:

Atmospheric pollution has recently been linked to obesity,  diabetes mellitus  and its complications. Particulate

matter pollution and nitrogen oxides are the chief air pollutants that are associated with an increased risk. Persistent

organic pollutants that bio-accumulate in the food-chain and noise pollution are also involved. The pathogenesis is

related to oxidative stress and a pro-inflammatory state. A recent study has suggested that the upper safe limits for

many of the air pollutants should be lowered to lessen the risk for diabetes. Indoor air pollutants are also incriminated

and air filters like HEPA filters can protect from particulate matter pollution.
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Introduction :

The havoc air pollution wrecks on human health

has been known for years. A relatively new health hazard

attributable to air pollution is diabetes mellitus. Air pollution

has been associated with not only the development of

diabetes mellitus, but also aggravation of its complications,

predominantly macrovascular.

What Links Pollution with Diabetes Mellitus (DM) ?

The chief factors that are responsible for the

association of pollution with DM include – air pollutants

like particulate matter (PM), persistent organic pollutants

that act as endocrine disruptors and noise pollution. Of

these, the role of air pollutants has recently gained a lot of

importance over the last year following publication of the

results of a large scale study  in July 20181.

Air Pollution and Diabetes – Evidences from Existing

Studies :

The association between air pollution and diabetes

was first noticed a decade ago. Lockwood2 in 2002 reported

a strong correlation of traffic air releases and the prevalence

of DM  in different states of the USA. Following this, there

have been several cross-sectional and cohort studies trying

to find an association between the two.  A meta-analysis3

revealed that the most robust association with diabetes was

seen for two air pollutants – PM of size 2.5µm or PM2.5

(HR: 1.11, CI : 1.03-1.20)  and nitrogen oxides (HR:1.16,

CI: 1.00 - 1.35) accounting for an overall increased risk for

DM of 11% and 13% respectively. The risk is particularly

high for women, elderly, overweight and smokers4.

However, non-smokers and those maintaining a healthy

lifestyle were not immune to the  risk5. Even short- term
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exposure as low as for two months has been found to be

associated with increased markers of insulin resistance6.

The strongest evidence however comes from the study

by Bowe et al7  in a longitudnal cohort of 17,29,108 par-

ticipants followed up for a median of 8.5 years in whom,

following statistical adjustments for other confounders, the

authors found that a 10 mcg/m3 increase in PM2.5 was

associated with an ioncreased risk of diabetes (HR : 1.15,

95% CI: 1.08 - 1.22). The authors reviewed prior studies

of PM2.5 and the risk of diabetes and used the estimates

to build a non-linear integrated exposure function. Based

on this, the authors concluded that the risk of diabetes

showed a substantial increase from a level of 2.4 mcg/m3

and the increased risk plateaued at concentrations above

10 mcg/m3. This fact needs particular attention because

the currently available safety standards for air pollutants

recommend an upper safety limit of 10mcg/m3 annual mean

for PM2.5 and 20mcg/m3 annual mean for PM10. There-

fore, globally, the risk of diabetes is significantly increased

between the theoretical mninimum risk exposure level

(TMREL) and the air quality standards recommended by

WHO (10 mcg/m3) or the EPA (12 mcg/m3). The same

authors also used data from the Global Burden of Dis-

ease study, 2016 and followed research methodologies

to estimate the burden of diabetes and DALYs of diabe-

tes that is attributable to PM2.5 air pollution globally. They

concluded that globally, ambient PM2.5 pollution is re-

sponsible for up to 3.2 million incident cases of diabetes,

8.2 DALYs and 2,06,105 deaths due to diabetes. In In-

dia alone, there are 45 diabetes cases per 1,00,000 popu-

lation that is attributable to PM2.5 pollution.

The different air pollutants that have been associ-

ated with different aspects of diabetes are summarised in

Table 18.

Pathogenetic Links between Air Pollution and

Diabetes:

Table 1 –  List of Air Pollutants Found to Have

Association with Diabetes Mellitus

Various aspects  of 

diabetes  

Air  pollutants 

implicated 

Increased prevalence 

of T2DM  

PM2.5 

Increased incidence 

of T2DM 

PM2.5,  NOX 

Insulin resistance NO2, PM 10, CO, 

PM2.5 

Impaired glucose 

tolerance 

NO2 

Gestational DM Nox, SO2(+ve 

association) 

O3 (negative 

association) 

Diabetes related 

mortality 

PM2.5, SO2, NO2 

All cause mortality in 

diabetics 

PM 10, O3 

 

oxidative stress and inflammation. Air pollutants via surface

reactions amongst themselves produce oxidative free

radicals. Some particles are leached out of alveolar capillaries

to reach via systemic circulation into tissues where they

react with enzymes like eNOS, iNOS, etc, to further add

to toxic free radical formation. The PM also has direct

stimulatory properties on inflammatory cells. The overall

effect is a change of macrophages to proinflammatory type

(M1:M2ratio), decrease in regulatory T cells. The increase

in proinflammatory macrophages in the adipose tissue leads

to increased adipogenesis and decreased lipolysis. In the

liver, the effects are to increase gluconeogenesis andThe chief underlying factors linking these two are
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glycogenolysis as well as to increase stellate cell collagen

formation. There is decreased GLUT4 mediated muscle

glucose uptake. The net results are increased insulin

resistance and hyperglycaemia (Fig 1).

Air Pollution and Complications of Diabetes :

Atmospheric pollutants directly have adverse

effects on cardiovascular health by contributing to

endothelial dysfunction and systemic inflammation. There

is at least one study9 that showed that patients with type 1

or type 2 DM, as compared to prediabetics have lower

Air Pollution and Glycaemic Control :

Air pollution contributes to worsening of glycaemic

control in type 2 DM. In type 1 DM however, ozone

exposure has been associated with lower HbA
1C

 and may

increase the risk for hypoglycaemia10. Those on insulin are

more susceptible to the inflammatory effects of air pollution

than those on oral hypoglycaemic agents11.

Air Pollution and Type 1 DM :

The level of ambient air pollution has been found to

be related to the peaks of type 1 DM diagnosis12. High

exposure to traffic related air pollutants like PM10, NOx

Fig 1 – Pathogenic Links between Air pollution and Diabetes Mellitus (source: google images)

nitroglycerin mediated dilation with increased PM2.5 and

SO
2
 exposure.
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and possibly PM2.5 accelerates the manifestations of type

1 diabetes in very young children13. The probable

pathogenetic link between the two is likely an altered

immune cell development and migration thus predisposing

to autoimmunity14.

Role of Indoor Air Pollutants :

An innumerable number of indoor air pollutants

have been linked to air pollution. Coke-oven workers as

Endocrine Disruptors and Diabetes :

Endocine disruptors or persistent organic pollutants

are compounds resistant to environmental degradation which

bioaccumulate in human and animal tissues and get

incorporated in the food chain. The diabetogeneicity of these

compounds arise from their actions at multiple levels as

outlined in Fig 2.

Apart from inflammation and oxidative stress,

endocrine disruptors aso contribute to mitochondrial

Fig 2 – List of Endocrine Disruptors (in red) Having Diabetogenic Effects due to Inhibitory Actions

at Multpiple Levels of Insulin Secretion and Action. As= Arsenic, Cd = Cadmium,

TCDD = 2,3,7,8-Tetrachlorodibenzodioxin, PCBs = Polychlorobenzenes,

BPA = Bisphenol A, DEHP = di(2- ethylhexyl) phthalate

well as women who cook without the use of exhaust fans

in the kitchen have a higher risk of developing type 2

diabetes mellitus15.

dysfunction and epigenetic modifications which can lead to

insulin resistance.

A study by Lee et al16 in 2006 had a very interesting
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result. In population exposed to very low concentration of

persistent organic pollutants (POPs), the prevalence of

diabetes did not seem to increase with BMI and was rare

even in those with BMI exceeding 30 kg/m2. However,

with rising concentrations of POPs, the frequency of

diabetes was high even at BMI <25 and showed a

substantial increase with rise in BMI.

The Nuisance of Noise Pollution:

Continuous exposure to noise and disturbed sleep

causes a constant low level autonomic nervous system

activation and persistent hypercortisolaemia. Thus, constant

exposure to counter-regulatory hormones catecholamines

and cortisol lead to hyperglycaemic states. With every 1-

db increase in average road traffic noise exposure, there is

an 11 % increased risk of incident T2DM17. A meta-

analysis18 has showed that people exposed to residential

noise exceeding 60 dB had an overall increased risk of

T2DM by 22 % versus those exposed to < 64 dB. The

zone between 60 and 64 dB however remains dubious.

Interestingly, there was no significant increase in risk with

occupational noise exposure of> 85dB.

Pollution and “at - risk” Conditions for Diabetes

Mellitus:

· Obesity – A number of obesogenic pollutants

have been identified, most importantly PM2.5 and DDT/

DDE. Via actions on mRNA expression and

proinflammatory protein, there is decreased thermogenic

effect and increased energy expenditure leading to

decreased brown adipose tissue activity and decreased

browning of white adipose tissue. The paediatric population

is of particular concern. The cumulative exposure during

childhood of a group of children aged 9 to 18 years to

average annual daily traffic (AADT) at 150 m around their

residence  had a direct association with the BMI attained

at age 18 years19. For AADT at 300 m , the association

was significant only for females and for AADT at 500m ,

there was no association at all. Environmental risk factors

for childhood obesity include organochlorines like

PCBS,DDT,HCB,bispenol A, cigarette smoke exposure

and PM pollution. Children have immature metabolic

pathways which make them particularly susceptible.

Polyaromatic hydrocarbons inhibit catecholamine induced

lipolysis. Early life PM exposure increases the expression

of adipogenic enzymes like PPARy. There are two unique

sources of exposure – breast milk and transgenerational

effects due to maternal in-utero exposure. A study be Rundle

et al20 showed association of BMI of children at ages 5

and 7 years with prenatal exposure to polyaromatic

hydrocarbons.

· Gestational diabetes – Exposure to nitrogen oxides

and noise pollution during the first trimester have been

associated with an increased risk for gestational diabetes21.

Remedial Measures :

Implementation of strict pollution control measures

needs global participation at all levels, from the general

population to the government. But there are some simple

measures that we may take in our day to day life which can

provide us with some protection from outdoor and indoor

pollution. These are outlined in Table 2.

About Air Purifiers:

Strictly speaking, air purifiers and air filters are not

the same. Notable, the air filters like the HEPA filters or

carbon filters fare better in removing particulate material

and allergens whille the purifiers utilising ultraviolet rays, ions

or ozone provide better protection from germs and cigarette

smoke but are poor on PM. Instead, they emit ozone which

has its own set of adverse effects. Therefore, as far ar

diabetes prevention is concerned, its prudent to invest on

HEPA air filters than any other  purifier.

Conclusions:

The fact that environmental pollution increases risk
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for diabetes mellitus is a relatively new finding, but

nevertheless backed by robust evidence, particularly for

PM2.5 and nitrogen oxides.  There are some simple

personal protection measures that we may take to stay safe.

Table 2 – Personal Safety Measures for Outdoor

and Indoor Pollution

Protection from 

outdoor pollution 

Protection from indoor 

pollution 

To check daily air quality 

index available online for 

all areas and use of 

pollution smart sensors 

available on 

smartphones. 

Well ventilated rooms 

and kitchens 

Avoiding busy hours on 

road if possible 

Regular cleaning of 

chimneys 

Staying away from 

pavement edges and 

walking on the building 

sides of pavements 

instead 

Alarms to detect soot and 

carbon monoxide 

 

Use of nasal filters and 

pollutiomasks 

To keep paints, bleaches 

and glues in the garage 

Not to stand near 

photocopiers and lase 

To avoid room freshners 

in bedroom/laundries , 

instead to use indoor 

fragrant plants like 

english ivy/aloe vera, etc 

 Use of air filters 
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