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Introduction

The World Health Organization 
(WHO) reports 4.2 million annual 
deaths due to exposure to ambient 
outdoor air pollution worldwide.1 
Vehicular pollution and surface dust 
are the major sources of air pollution 
in urban areas. The air quality level 
of more than 80% of the people 
living in urban areas exceeds WHO 
limits.1 According to WHO air quality 
guideline values, particulate matter 
2.5 (PM2.5) annual mean below 10 μg/
m3 and PM2.5 24-hour mean below 
25 μg/m3 are considered to be good 
air quality.2 Unfavorable effects of 
air pollution on human health have 
been reported in many studies. Air 
pollution has been shown to indicate 
the major contributing factor for the 
development of cardiopulmonary 
disease.3-6 The association between 
pulmonary diseases and air pollution 
is well known and air pollution is a 
major cause of mortality.7-9 However, 
the association of air pollution with 

other metabolic dysfunctions is not yet 
known. Air pollution is an emerging 
contributing factor to the global burden 
of stroke in low- and middle-income 
countries.10,11 Due to epidemiological 
transitions, patterns and causes 
of diseases change over the years. 
Global epidemiological studies have 
investigated the relationship between 
air pollution and the risk of developing 

diabetes.12,13 The association with 
environmental pollution as a risk factor 
for diabetes has been neglected.14 
Studies report that ambient air 
pollution alters adipose inflammation, 
insulin resistance, and endothelial 
function in humans and animals and 
also causes a reduction in peripheral 
glucose absorption in humans.15-18 
Plasma inflammatory markers increase 
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in response to higher PM2.5 exposure 
in individuals with diabetes.19 Multiple 
studies have demonstrated that long 
term exposure to PM2.5 contributes to 
the incidence of diabetes along with 
insulin resistance, changes in β cell 
function, and adiposity.20-23 As a main 
component of haze, smoke, and motor 
vehicle exhaust, PM2.5 is dangerous 
because of its small size and ability 
to infect critical human organs in the 
respiratory and vascular systems.24

The rapidly increasing Indian 
population, urbanization, and 
industrialization have adversely 
affected human health. A drastic 
increase in the number of vehicles has 
resulted in increased emission of air 
pollutants. According to the Chennai 
Metropolitan Development Authority, 
the motor vehicle population has 
increased at a very high rate over the 
last few decades. The total vehicle 
population has increased to 10.38 
million in 2016 up from 2.4 million in 
2009.25 

A recent study from India reported 
that the prevalence of diabetes is 
higher in socio-economically deprived 
groups in urban areas of economically 
developed states in India.26 There is 
also evidence that individuals living 
in polluted cities have a lower life 
expectancy and are more likely to die 
prematurely than those living in less 
polluted areas.27 It is unclear what 
causes diabetes other than genetic 
and lifestyle factors. Hence, the 
present study aimed to evaluate the 
association between PM2.5 and the risk 
of developing diabetes by assessing the 
prevalence among those living in areas 
with different levels of PM2.5 exposure 
in Chennai, Tamil Nadu, India. 

Methods

A cross-sectional study was carried 
out in two areas of Chennai city. 
A high exposure area (HEA) of 

PM2.5 was used as the study area 
and compared with a low exposure 
area (LEA) of PM2.5. Study criteria 
included residence in the high or low 
exposure areas for more than 7 years. 
The study was carried out between 
September 2017 to March 2018. 
The study areas were selected after 
analyzing the secondary data from the 
Tamil Nadu Pollution Control Board, 
Central Pollution Control Board and 
the National Air Quality Monitoring 
Programme. Air quality data of 
Chennai city was analyzed from a list 
of total air quality monitoring stations 
in the city from 2016 to 2017.28 

Under these three governing bodies, 
there are 12 monitoring stations in 
Chennai. According to the Indian 
Central Pollution Control Board, 
Ministry of Environment and Forest, 
National Ambient Air Quality Status 
2009, particulate matter is measured 
gravimetrically with GFA/EPM 
2000 filter paper using a respirable 
dust sampler. Out of 12 stations, 7 
stations had PM2.5 data. From this 
data, the highest and lowest areas 
of exposure were selected based on 
the National Ambient Air Quality 
Standard, Government of India. As 
per Indian governmental standards, a 
PM2.5 annual average of 40 μg/m3 was 
permissible. 

Among the many areas for which 
accurate pollution data was available, 
PM2.5 exposed areas were stratified 
and two areas were selected according 

to the limits of PM2.5 defined by 
the National Ambient Air Quality 
Standard of the government of India. 
Mapping of the study areas was 
done prior to data collection. Two 
areas were selected, Manali in north 
Chennai, which reported a PM2.5 
exposure level above 40 μg/m3 (study 
group), and Adyar in south Chennai 
which reported a PM2.5 exposure level 
below 40 μg/m3 (comparison group). 
Adyar (Rukmini Nagar) the LEA, has 
an annual average PM2.5 of 27.22 µgm/
m3 and is a residential area located 2 km 
away from the main road. Manali, the 
HEA, has an annual average of 74.22 
µgm/m3 and is an industrial area, with a 
petrochemical industry located within 
2 km. 

The sample size was derived using 
Equation 1:

Equation 1

n = Z x p x q/d2

where Z represents the value of Z 
alpha, the type 1 error (P<0.05), and 
corresponding value of Z is 1.96. Since 
there are no previous studies on this 
topic, we considered the prevalence 
to be 50%, with a 5% precision. The 
calculated sample size was 384. A total 
of 154 households from the study area 
and 115 households from the control 
area were randomly selected to reach 
the sample size of 410 (143 males, 
267 females). Every third house in the 
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street or vertical building was included 
in the present study. After obtaining 
written consent, adults older than 18 
years of age were screened for diabetes 
with random capillary blood glucose 
(RCBG) measurement. Individuals 
with self-reported diabetes were also 
tested for RCBG using a glucometer 
(One Touch Ultra). Two criteria for 
diagnosis of diabetes were utilized. 
The first was based on the RCBG cut 

off value: greater than or equal to 
140 mg/dl (7.8 mmol/l). This RCBG 
value has shown the same sensitivity 
and specificity as venous blood to 
discriminate pre-diabetics with the 
impaired glucose tolerance test.29 The 
second criteria were a RCBG >200 mg/
dl (11.1 mmol/l) and reporting any 
one of the classic symptoms or weight 
loss; these cases were diagnosed as 
positive cases of diabetes mellitus.30 

Blood pressure was measured using 
an OMRON automatic blood pressure 
monitor (HEM-7111). Hypertension 
was defined per the American Heart 
Association 2017 guidelines: systolic 
blood pressure greater than or equal 
to 140 mm mercury (Hg) and/or 
diastolic blood pressure more than or 
equal to 90 mm Hg and/or those who 
have reported a previous diagnosis of 
hypertension.31 Investigators gathered 
data in a pre-tested structured 
interview schedule. Data on socio-
demographics, personal habits, 
dietary pattern, physical activity, 
anthropometric measurements, blood 
pressure, years of living in the current 
place, and daily exposure to outdoor 
air were collected. The questionnaire 
can be found in Supplemental 
Material. Outdoor air exposures were 
collected three times a day. The short-
term exposure limit was considered 
to be 15 minutes and the long-term 
exposure limit was considered to be 
more than 8 hours. Written informed 
consent was obtained from each 
participant. The institutional ethics 
committee Ethics Committee of 
the Prof. M Viswanathan Diabetes 
Research Centre, Chennai, India 
approved the study. 

Statistical analysis

Statistical analysis was done using 
SPSS software version 20. Outdoor 
air exposures were divided into 
tertiles and prevalence of diabetes 
was reported in the HEA and 
LEA. Prevalence was expressed in 
percentages. Chi square test and 
independent t test were used to test 
statistical significance. Multivariable 
logistic regression analysis was 
performed to examine the association 
between dependent and independent 
variables. The variables of age, 
gender, area of living, family history 
of diabetes, behavioral risk habits, 
physical activity, body mass index, 
and waist circumference were 

Table 1 — Socio-Demographic Characteristics of the Study Groups

Table 2 — Health Characteristics of the Study Groups
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included as the independent variables 
and random blood glucose was the 
dependent variable. A p value of 
less than 0.05 was considered to be 
statistically significant. The odds ratio 
and confidence interval at 95% were 
considered to examine the strength 
of the association between dependent 
and independent variables. Multi-
collinearity was not considered in the 
study and may be a limitation.

Results

Table 1 shows the socio-demographic 
characteristics of the groups. Both 
groups had similar socio-demographic 
characteristics. 

Table 2 shows the health 
characteristics of the study groups. The 
participants in the LEA were found 
to have a higher proportion (23%) of 
family history of diabetes compared to 
the HEA (21.4%), but this difference 
was not statistically significant (p = 
0.702). Behavioral risk factors were 
also similar in both groups (p = 0.307). 
Subjects living in the HEA reported 
more physical inactivity compared 
to the LEA (p = 0.004). Body mass 
index was similar in both groups (p = 
0.397). Abdominal obesity was higher 
among males in the HEA compared 
to the LEA (p <0.0001), but females 
did not show significant differences in 
abdominal obesity (p = 0.600). 

Table 3 shows the distribution of 
RCBG in the HEA and LEA. There was 
a greater proportion of subjects with 
RCBG greater than 200 mg/dl among 
those living in the HEA compared to 
those living in the LEA (p = 0.001). 

Figure 1 shows the true and apparent 
prevalence of diabetes in the groups. 
The proportion of total cases (true 
prevalence) reported during the study 
period was higher in the HEA than the 
LEA (p= 0.002) and the proportion 
of cases that were positive (apparent 

prevalence) during the study period 
was not statistically significant in 
either area (p = 0.055). 

Figure 2 shows the prevalence of 
hypertension in the groups. The 
prevalence of stage 2 hypertension was 
also higher among the HEA than the 
LEA (p <0.001). Pre hypertension or 
elevated hypertension was also found 
to be higher among people living in 
the HEA than the LEA (p= 0.026) 

Table 4 shows the prevalence of 
diabetes based on everyday exposure 
to outdoor air. The tertiles of everyday 
exposure to outdoor air (in hours) 

were calculated and the prevalence of 
diabetes was reported in the HEA and 
LEA. The prevalence of diabetes was 
higher among those who spent more 
time (>8 hours) outdoors in the HEA 
(40.6%) than individuals who spent 
more time outdoors in the LEA (6.5%), 
and this difference was statistically 
significant (p = 0.004). Similarly, the 
prevalence of diabetes was higher 
among people with medium exposure 
(2.1 hours to 8 hours) to everyday 
outdoor air in the HEA (26.9%) than 
the LEA (18.1%), but this was not 
statistically significant (p = 0.24). 
Subjects who were within the short-
term exposure limit (≤ 2 hours) in the 

Table 3 — Distribution of Random Capillary Blood Glucose Across Study Areas

Figure 1— True and Apparent Prevalence  
of Diabetes

* p = 0.055 compared with LEA
** p= 0.002 compared with LEA
p ≤ 0.05 is considered to be significant
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HEA also showed higher prevalence of 
diabetes (22.2%) compared to subjects 
in the LEA (19.8%) (p = 0.71). Subjects 
in the HEA spent twice as much 
time (7.2±5.9 hours) in the outdoors 
compared to subjects in the LEA 
(4.2±3.8 hours), and this difference was 
statistically significant  
(p <0.0001).

Table 5 presents the results of the 
multivariable logistic regression 
analysis. Age, gender, residence in the 
HEA, and positive family history of 
diabetes were significantly associated 
with the prevalence of diabetes. A 
positive family history of diabetes was 
found to be significantly associated 
with the prevalence of diabetes (OR 
= 3.43, CI = 1.86-6.31, p <0.0001), as 
well as residence in the HEA (OR = 
2.60, CI = 1.53-4.43, p <0.0001).

Discussion

This is the first study examining 
the association of PM2.5 and the 
prevalence of diabetes in India. The 
findings suggest that the prevalence 
of diabetes was higher among people 
living in areas more highly exposed 
to PM2.5 compared to those living in 
areas with lower exposures to PM2.5. 
The present study showed a strong 
association between exposure to 
PM2.5 and elevated random blood 
glucose level.32 Physical inactivity 
was one of the biggest identified risk 
factors. Other risk factors such as 
family history of diabetes, body mass 
index, and waist circumference were 
similar in both groups. Another study 
from the United States reported that 
the prevalence of diabetes increased 
with increasing concentration of 
PM2.5, an increase of 1% prevalence 
of diabetes with an increase in 10 μg/
m3 PM2.5 exposure.20 Weinmayr et al. 
followed subjects without diabetes in 
the general German population for 
three years and found the incidence 
of diabetes was 9.1%,33 whereas in the 

Table 4 — Prevalence of Diabetes Based on Everyday Exposure to Outdoor Air

Figure 2— Prevalence of Hypertension

* p = <0.001 LEA compared with HEA (Stage II HTN)
** p = 0.210 LEA compared with HEA (Stage I HTN)
*** p = 0.026 LEA compared with HEA (Elevated HTN)
p ≤ 0.05 is considered to be significant 
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current study the incidence of newly 
diagnosed cases among the high 
exposure group was 31.3%.

In the Study on the Influence of 
Air Pollution on Lung Function, 
Inflammation and Aging (SALIA) 
cohort, women older than 54 years 
followed for 16 years had a 10.5% 
incidence of diabetes. The current 
study reported a higher incidence rate 
of 14.9% of diabetes among women in 
the high exposure area than the SALIA 
cohort.34 The current study reported 
that the prevalence of hypertension 
was also higher among people living 
in the HEA, almost double that of 
those in the LEA. A study by Lin et 
al. reported that long term exposure 
to PM2.5 is associated with increased 
risk of developing hypertension 
and elevated systolic and diastolic 
pressures among adults older than 
50 years.35 The reported prevalence 
in that study was 61.4%. The present 
study reported a 46.3% prevalence 
of high blood pressure in the HEA. 
The present study showed a lower 
prevalence compared to the prevalence 
rate found by Lin et al., which may be 
due to age differences in the studied 
populations. A recent study by Bowe 
et al. suggested that a reduction in 
pollutants and exposures will yield 
large health benefits globally.36 Bowe 
et al. estimated 206,105 deaths from 
diabetes attributable to PM exposure 
for the year 2016. There were about 
3.2 million incident cases of diabetes 
and about 8.2 million years of healthy 
lives lost due to diabetes attributable to 
elevated concentrations of particulate 
matter.36

Limitations

The design of the present study did 
not allow us to differentiate between 
type 1 and type 2 diabetes. The cross-
sectional nature of the study was not 
able to establish whether exposure to 
air pollution is a causative factor for 

diabetes. Additionally, due to logistical 
difficulties such as lack of quality-
controlled laboratories and poor 
compliance to venous blood collection, 
the researchers used RCBG as a 
proxy measure. Several studies have 
compared RCBG measurements with 
venous plasma glucose measurements 
in screening for diabetes and 
prediabetes and have reported RCBG 
to be an appropriate alternative for 
screening in epidemiological studies 
in which collecting venous samples 
might be challenging. Monitoring of 
individual exposures to particulate 
matter would have yielded more 
relevant results and hence the use of 
indirect measurement (air quality 
monitor in the concerned areas) is 
another limitation. Socio-economic 
status and body mass index, and male/
female participant ratio might also 
confound the results.  

Conclusions

The results of the present study point 
toward the possibility that exposure 
to air pollution may be a new and 

therefore unrecognized contributing 
factor to the development of diabetes. 
In conclusion, the study highlights 
that exposure to PM2.5 is positively 
associated with a higher prevalence 
of diabetes. Further prospective 
studies on populations with high 
exposures to pollution are required to 
establish whether this association has a 
causative link. 

One important limitation of the 
present study is its low sample size, 
and further studies should include at 
least two areas in different pollution 
levels. It would also be beneficial to 
select areas with a gradient of pollution 
levels in order to demonstrate a trend 
in the prevalence of diabetes. From 
a public health perspective, cities in 
India are plagued by high pollution 
levels, and these results are important 
and provide the basis for a more 
comprehensive study with improved 
study design.

Acknowledgments 
We thank the Tamil Nadu pollution 
control board for providing air quality 

Table 5 — Results of Multivariable Logistic Regression Analysis
Dependent Variable Random Blood Glucose <140 vs ≥140 mg/dl

Jacob et al

Diabetes Mellitus and Suspended Particulate Matter



Journal of Health & Pollution Vol. 9, No. 22 — June 2019
7

Research

data from the selected monitoring 
stations and our field investigators, 
Mrs. Hephzibah S and Mr. Seeni 
Mohammed for assisting in data 
collection. 

This study was funded by Prof. M. 
Viswanathan Diabetes Research 
Centre, Royapuram, Chennai, India – 
600013.

Copyright Policy  
This is an Open Access article 
distributed in accordance with 
Creative Commons Attribution 
License (http://creativecommons.org/ 
licenses/by/3.0/). 

References

1. Air pollution [Internet]. Geneva: World Health 

Organization; c2019 [cited 2017 Jul 13]. Available from: 

http://www.who.int/airpollution/en 

2. Ambient (outdoor) air quality and health [Internet]. 

Geneva: World Health Organization; 2018 May 2 [cited 

2017 Jul 13]. [about 8 screens]. Available from: http://

www.who.int/news-room/fact-sheets/detail/ambient-

(outdoor)-air-quality-and-health 

3. Nemery B, Hoet PH, Nemmar A. The Meuse Valley 

fog of 1930: an air pollution disaster. Lancet [Internet]. 

2001 Mar 3 [cited 2019 Apr 23];357(9257):704-8. 

Available from: https://doi.org/10.1016/S0140-

6736(00)04135-0 Subscription required to view.  

4. Bell ML, Davis DL, Fletcher T. A retrospective 

assessment of mortality from the London smog episode 

of 1952: the role of influenza and pollution. Environ 

Health Perspect [Internet]. 2004 Jan [cited 2018 Jan 

12];112(1):6-8. Available from: https://doi.org/10.1289/

ehp.6539 

5. Bhatnagar A. Environmental cardiology: studying 

mechanistic links between pollution and heart 

disease. Circ Res [Internet]. 2006 Sep 29 [cited 2019 

Apr 23];99(7):692-705. Available from: https://doi.

org/10.1161/01.RES.0000243586.99701.cf

6. Hoek G, Fischer P, Van Den Brandt P, Goldbohm S, 

Brunekreef B. Estimation of long-term average exposure 

to outdoor air pollution for a cohort study on mortality. J 

Expo Anal Environ Epidemiol [Internet]. 2001 Nov-Dec 

[cited 2019 Apr 23];11(6):459-69. Available from: https://

doi.org/10.1038/sj.jea.7500189

7. Davidson CI, Phalen RF, Solomon PA. Airborne 

particulate matter and human health: a review. 

Aerosol Sci Technol [Internet]. 2005 [cited 2018 

Jan 16];39(8):737-49. Available from: https://doi.

org/10.1080/02786820500191348

8. Brugge D, Durant JL, Rioux C. Near-highway 

pollutants in motor vehicle exhaust: a review of 

epidemiologic evidence of cardiac and pulmonary health 

risks. Environ Health [Internet]. 2007 Aug [cited 2017 

Dec 22];6:Article 23 [12 p.]. Available from: https://doi.

org/10.1186/1476-069X-6-23

9. Cao Y, Gao H. Prevalence and causes of air pollution 

and lung cancer in Xuanwei City and Fuyuan County, 

Yunnan Province, China. Front Med [Internet]. 2012 

Jun [cited 2019 Apr 23];6(2):217-20. Available from: 

https://doi.org/10.1007/s11684-012-0192-8 Subscription 

required to view. 

10. Feigin VL, Roth GA, Naghavi M, Parmar P, 

Krishnamurthi R, Chugh S, Mensah GA, Norrving 

B, Shiue I, Ng M, Estep K, Cercy K, Murray CJL, 

Forouzanfar MH. Global burden of stroke and risk 

factors in 188 countries, during 1990-2013: a systematic 

analysis for the Global Burden of Disease Study 2013. 

Lancet Neurol [Internet]. 2016 Aug [cited 2019 Apr 

23];15(9):913-24. Available from: https://doi.org/10.1016/

S1474-4422(16)30073-4

11. Shah AS, Lee KK, McAllister DA, Hunter A, Nair 

H, Whiteley W, Langrish JP, Newby DE, Mills NL. Short 

term exposure to air pollution and stroke: systematic 

review and meta-analysis. BMJ. 2015 Mar;350:Article 

h1295 [10 p.].

12. Brook RD, Jerrett M, Brook JR, Bard RL, 

Finkelstein MM. The relationship between diabetes 

mellitus and traffic-related air pollution. J Occup 

Environ Med. 2008 Jan;50(1):32-8.

13. Puett RC, Hart JE, Schwartz J, Hu FB, Liese AD, 

Laden F. Are particulate matter exposures associated 

with risk of type 2 diabetes? Environ Health Perspect 

[Internet]. 2011 Mar [cited 2018 Aug 14];119(3):384-89. 

Available from: https://doi.org/10.1289/ehp.1002344

14. Jones OA, Maguire ML, Griffin JL. Environmental 

pollution and diabetes: a neglected association. 

Lancet [Internet]. 2008 Jan 26 [cited 2019 Apr 

24];371(9609):287-8. Available from: https://doi.

org/10.1016/S0140-6736(08)60147-6 Subscription 

required to view. 

15. Brook RD, Xu X, Bard RL, Dvonch JT, Morishita 

M, Kaciroti N, Sun Q, Harkema J, Rajagopalan S. 

Reduced metabolic insulin sensitivity following sub-

acute exposures to low levels of ambient fine particulate 

matter air pollution. Sci Total Environ [Internet]. 

2013 Mar 15 [cited 2019 Apr 24];448:66-71. Available 

from: https://doi.org/10.1016/j.scitotenv.2012.07.034 

Subscription required to view.

16. Sun Q, Yue P, Deiuliis JA, Lumeng CN, 

Kampfrath T, Mikolaj MB, Cai Y, Ostrowski MC, 

Lu B, Parthasarathy S, Brook RD, Moffatt-Bruce 

SD, Chen LC, Rajagopalan S. Ambient air pollution 

exaggerates adipose inflammation and insulin resistance 

in a mouse model of diet-induced obesity. Circ 

[Internet]. 2009 Feb 3 [cited 2019 Apr 24];119(4):538-

46. Available from: https://doi.org/10.1161/

CIRCULATIONAHA.108.799015

17. Baron AD, Steinberg HO, Chaker H, Leaming R, 

Johnson A, Brechtel G. Insulin-mediated skeletal muscle 

vasodilation contributes to both insulin sensitivity and 

responsiveness in lean humans. J Clin Invest [Internet]. 

1995 Aug [cited 2019 Apr 24];96(2):786-92. Available 

from: https://doi.org/10.1172/JCI118124

18. Schneider A, Neas L, Herbst MC, Case M, Williams 

RW, Cascio W, Hinderliter A, Holguin F, Buse JB, 

Dungan K, Styner M, Peters A, Devlin RB. Endothelial 

dysfunction: associations with exposure to ambient fine 

particles in diabetic individuals. Environ Health Perspect 

[Internet]. 2008 Dec [cited 2018 Apr];116(12):1666-74. 

Available from: https://doi.org/10.1289/ehp.11666

19. O'Neill MS, Veves A, Sarnat JA, Zanobetti A, 

Gold DR, Economides PA, Horton ES, Schwartz J. 

Air pollution and inflammation in type 2 diabetes: 

a mechanism for susceptibility. Occup Environ Med 

[Internet]. 2007 Jun [cited 2019 Apr 24];64(6):373-

9. Available from: http://dx.doi.org/10.1136/

oem.2006.030023

20. Pearson JF, Bachireddy C, Shyamprasad S, Goldfine 

AB, Brownstein JS. Association between fine particulate 

matter and diabetes prevalence in the U.S. Diabetes Care 

[Internet]. 2010 Oct [cited 2019 Apr 24];33(10):2196-

201. Available from: https://doi.org/10.2337/dc10-0698

21. He D, Wu S, Zhao H, Qiu H, Fu Y, Li X, He Y. 

Association between particulate matter 2.5 and diabetes 

mellitus: a meta-analysis of cohort studies. J Diabetes 

Investig [Internet]. 2017 Sep [cited 2018 Feb 9];8(5):687-

96. Available from: https://doi.org/10.1111/jdi.12631

22. Alderete TL, Habre R, Toledo-Corral CM, 

Berhane K, Chen Z, Lurmann FW, Weigensberg MJ, 

Goran MI, Gilliland FD. Longitudinal associations 

between ambient air pollution with insulin sensitivity, 

β-cell function, and adiposity in Los Angeles Latino 

children. Diabetes [Internet]. 2017 Jul [cited 2019 

Apr 24];66(7):1789-96. Available from: https://doi.

org/10.2337/db16-1416

23. Coogan PF, White LF, Yu J, Burnett RT, Seto E, 

Jacob et al



Journal of Health & Pollution Vol. 9, No. 22 — June 2019
8

Research

Brook RD, Palmer JR, Rosenberg L, Jerrett M. PM2.5 

and diabetes and hypertension incidence in the black 

women’s health study.  Epidemiol. 2016 Mar;27(2):202-

10.

24. Area designations for 2006 24-hour fine particle 

(PM2.5) standards [Internet]. Washington, D.C.: U.S. 

Environmental Protection Agency; [updated 2016 Feb 

23; cited 2018 Aug 7]. Available from: https://www3.epa.

gov/pmdesignations/2006standards/index.htm

25. Vehicular position in Tamil Nadu for certain years 

[Internet]. Chennai, India: Government of Tamil Nadu, 

State Transport Authority; 2018; [updated 2018 Mar 31; 

cited 2017 Jul 21]. Available from: http://www.tn.gov.in/

sta/stat1.html  

26. Anjana RM, Deepa M, Pradeepa R, Mahanta J, 

Narain K, Das HK, Adhikari P, Rao PV, Saboo B, Kumar 

A, Bhansali A, John M, Luaia R, Reang T, Ningombam 

S, Jampa L, Budnah RO, Elangovan N, Subashini R, 

Venkatesan U, Unnikrishnan R, Das AK, Madhu SV, 

Ali MK, Pandey A, Dhaliwal RS, Kaur T, Swaminathan 

S, Mohan V. Prevalence of diabetes and prediabetes 

in 15 states of India: results from the ICMR-INDIAB 

population-based cross-sectional study. Lancet Diabetes 

Endocrinol [Internet]. 2017 Aug [cited 2019 Apr 

24];5(8):585-96. Available from: https://doi.org/10.1016/

S2213-8587(17)30174-2 Subscription required to view. 

27. Greenstone M, Nilekani J, Pande R, Ryan N, 

Sudarshan A, Sugathan A. Lower pollution, longer lives: 

life expectancy gains if India reduced particulate matter 

pollution. Econom Polit Wkly. 2015 Feb 21;50(8):40-6.

28. Central control room for air quality management 

- all India: continuous stations status [Internet]. New 

Delhi, India: Central Pollution Control Board; c2019 

[cited 2017 Aug 2]. Available from: http://www.cpcb.gov.

in/CAAQM/mapPage/frmindiamap.aspx 

29. Somannavar S, Ganesan A, Deepa M, Datta M, 

Mohan V. Random capillary blood glucose cut points 

for diabetes and pre-diabetes derived from community-

based opportunistic screening in India. Diabetes Care 

[Internet]. 2009 Apr [cited 2019 Apr 24];32(4):641-3. 

Available from: https://doi.org/10.2337/dc08-0403

30. American Diabetes Association. Diagnosis 

and classification of diabetes mellitus. Diabetes 

Care [Internet]. 2011 Jan [cited 2019 Apr 24];34(1 

Suppl):S62-9. Available from: https://doi.org/10.2337/

dc11-S062

31. Whelton PK, Carey RM,  Aronow WS, Casey DE, 

Collins KJ, Himmelfarb CD, DePalma SM, Gidding S, 

Jamerson KA, Jones DW, MacLaughlin EJ, Muntner P, 

Ovbiagele B, Smith SC, Spencer CC, Stafford RS, Taler 

SJ, Thomas RJ, Williams KA, Williamson JD, Wright 

JT. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/

ASH/ASPC/NMA/PCNA guideline for the prevention, 

detection, evaluation, and management of high blood 

pressure in adults: a report of the American College of 

Cardiology/American Heart Association Task Force on 

clinical practice guidelines. Hypertens. 2018 Jun [cited 

2019 Apr 14];71(6):e13-115.  Available from: https://doi.

org/10.1161/HYP.0000000000000065

32. Mazidi M, Speakman JR. Ambient particulate air 

pollution (PM2.5) is associated with the ratio of type 

2 diabetes to obesity. Sci Rep [Internet]. 2017 Aug 22 

[cited 2018 Oct];7(1):9144. Available from: https://doi.

org/10.1038/s41598-017-08287-1

33. Weinmayr G, Hennig F, Fuks K, Nonnemacher 

M, Jakobs H, Mohlenkamp S, Erbel R, Jockel KH, 

Hoffmann B, Moebus S. Long-term exposure to fine 

particulate matter and incidence of type 2 diabetes 

mellitus in a cohort study: effects of total and traffic-

specific air pollution. Environ Health [Internet]. 2015 

Jun 19 [cited 2018 Mar];14:Article 53 [8 p.]. Available 

from: https://doi.org/10.1186/s12940-015-0031-x

34. Kramer U, Herder C, Sugiri D, Strassburger K, 

Schikowski T, Ranft U, Rathmann W. Traffic-related air 

pollution and incident type 2 diabetes: results from the 

SALIA cohort study. Environ Health Perspect [Internet]. 

2010 Sep [cited 2018 Mar];118(9):1273-9. Available from: 

https://doi.org/10.1289/ehp.0901689

35. Lin H, Guo Y, Zheng Y, Di Q, Liu T, Xiao J, Li 

X, Zeng W, Cummings-Vaughn LA, Howard SW, 

Vaughn MG, Qian ZM, Ma W, Wu F. Long-term 

effects of ambient PM2.5 on hypertension and blood 

pressure and attributable risk among older Chinese 

adults. Hypertens [Internet]. 2017 May [cited 2019 Apr 

24];69(5):806-12. Available from: https://doi.org/10.1161/

HYPERTENSIONAHA.116.08839

36. Bowe B, Xie Y, Li T, Yan Y, Xian H, Al-Aly Z. The 

2016 global and national burden of diabetes mellitus 

attributable to PM2·5 air pollution. Lancet Planet Health 

[Internet]. 2018 Jul [cited 2019 Apr 24];2(7):e301-

12. Available from: https://doi.org/10.1016/S2542-

5196(18)30140-2

Jacob et al

Diabetes Mellitus and Suspended Particulate Matter


