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Mice exposed to fine particles 
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Danish Diabetes Register 

All the participants were merged with diabetes status from the 
Danish Diabetes Register.  

 
We categorized the cohort members as diabetic if they fulfilled 
either of the following criteria: 

 1) was hospitalized with diabetes as discharge 
 diagnosis (ICD-10 code E10-14, DH36.0, DO24) in the 
 National Patient Register  

 2) used chiropody as a diabetic patient  

 3) made a second purchase of insulin or oral anti-
 diabetic drugs within 6 months, registered in Danish 
 National Prescription Registry. 

 

Type 2 diabetes 
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Method - analyses 

Cox Proportional hazards regression model with age as underlying time, 
adjusted for: 

 

Model 1: Adjusted for age 

 

Model 2: Adjusted for age, calendar time, smoking status, smoked gram 
of tobacco, level of physical activity, consumed gram of alcohol per week, 
avoidance of fatty meat, eat fruit or vegetables, employment status and 
marital status.  

 

Model 3: Model 2 + hypertension, MI (myocardial infarct) 

 

Model 4: Model 3 + BMI 
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Method - Air Pollution exposure 

AirGIS dispersion model, sum of: 

1) regional background, 2) urban background,  & 
3) street level contribution  

Input for AirGIS model 

• Street/building geometry  

• Street network and traffic data  

• Meteorology 
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patterns over time 
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Method - Air Pollution exposure 

AirGIS collected annual concentration, in a 5 year time 
window, since 1990 to 2013, at each address for each 
participants. 
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Results 

Follow-up from: 1995 or 1999 until 2013 

Mean follow up time: 15.3 years, 370,367 person-years  

Incident diabetes cases: 3 new cases per 1,000 person-years 

Baseline mean age: 54.0 

 

The nurses who developed diabetes:  

↑higher BMI, smoked more, consumed more fat and had higher 

rate of hypertension and MI at baseline  

↓had lower physical activity level, less fruit and vegetables 

intake, consumed less alcohol 
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Total Diabetes Non diabetic 
N = 24,174 N = 1,137 N=23,037 

Exposure measures, baseline values       
PM2.5 (µg/m3), mean(SD) 18.1 (2.8) 18.7 (2.8) 18.1 (2.8) 
PM10 (µg/m3), mean(SD)  21.7 (2.9) 22.3 (2.9) 21.7 (2.9) 
NO2 (µg/m3), mean(SD)  12.5 (7.9) 13.4 (8.7) 12.5 (7.9) 
NOx (µg/m3), mean(SD) 18.4 (22.7) 19.9 (23.2) 18.3 (22.6) 
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Results – cont. 

• Main results of estimated risk of diabetes from pollutants 

• Increase per unit  
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Pollu-

tant 

Unit 

(µg/

m3) 

Model 1a 

HR (95% CI) 

Model 2b 

HR (95% CI) 

Model 3c 

HR (95% CI) 

Model 4d 

HR (95% CI) 

PM2.5 3.1 1.14 (1.04-1.24) 1.11 (1.02-1.22) 1.11 (1.01-1.22) 1.11 (1.02-1.22) 

PM10 2.8 1.08 (1.00-1.16) 1.06 (0.99-1.14) 1.06 (0.99-1.14) 1.06 (0.98-1.14) 

NO2 7.5 1.06 (1.00-1.12) 1.03 (0.97-1.10) 1.03 (0.97-1.10) 1.05 (0.99-1.12) 

NOx 10.2 1.02 (0.99-1.05) 1.01 (0.98-1.04) 1.01 (0.98-1.04) 1.01 (0.98-1.05) 

            

PM2.5  10  1.50 (1.13-2.00) 1.41 (1.06-1.88) 1.39 (1.04-1.86) 1.41 (1.05-1.88) 

PM10  10  1.32 (1.02-1.72) 1.24 (0.95-1.62) 1.24 (0.95-1.62) 1.22 (0.93-1.59) 

A Adjusted for age at entry 
b Included covariates in Model 1a + calendar time, smoking status, smoked gram of tobacco, level of physical activity,  

     consumed gram of alcohol per week, avoidance of fatty meat, eat fruit or vegetables, employment status and marital status.  
c Included covariates in Model 2b + hypertension, MI (myocardial infarct) 
d Included covariates in Model 3c + body mass index. 
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Table - Modification of associationsa between diabetes incidence and PM2.5 per interquartile range 
by baseline characteristics and co-morbid conditions among 24,174 participants in Danish Nurse 
cohort. 
Covariates Covariate level n IR HR (95%CI) pb 

Smoking  
status 
  

Never 358 2.7 1.24 (1.09-1.42) 0.01 

Previous 455 3.5 1.19 (1.03-1.36)   

Current 324 2.8 0.97 (0.86-1.10)   

BMI 
  

Underweight (BMI < 25) 13 1.5 0.86 (0.43-1.75) 0.37 

Normal 470 1.7 1.08 (0.96-1.22)   

Overweight (25 ≤ BMI < 30)  433 5.3 1.09 (0.96-1.24)   

Obese (BMI ≥ 30)  221 12.4 1.25 (1.06-1.47)   

MI 
  

Yes 19 9.3  1.32 (0.86-2.02) 0.43 

 No  1,118 3.0 1.11 (1.01-1.21)   

Hypertensio
n 

Yes 313 7.5 1.15 (1.00-1.33) 0.55 

No 824 2.5 1.10 (0.99-1.21)   

Urbanity 
  

Urban 197 3.5 1.10 (0.92-1.31) 0.33 

Rural 446 2.9 1.16 (1.01-1.33)   

Provincial 494 3.0 1.02 (0.88-1.18)   
aFully adjusted for age, calendar time, smoking status, smoked gram of tobacco, level of physical 

activity, consumed gram of alcohol per week, avoidance of fatty meat, eat fruit or 
vegetables, hypertension, MI (myocardial infarct), employment status, marital status 
and BMI (body mass index). 

bFrom likelihood ratio test for interaction. 
IR, incidence; HR, hazard ratio; CI, confidence interval   
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Strengths and Limitations 

Strengths 

• Big cohort, well defined covariate information 

• Diabetes register, objective measure of incidence 

• High response rate with high accuracy in answers 

 
Limitations 

• Misclassification in modeled concentrations since these 
are only proxies of personal exposure  

• Missing information on indoor exposures (gas cooking, 
passive tobacco smoke, air conditioning  
ventilation habits ), air pollution at work, commuting 
habits & personal activity patterns 

• Type 2 diabetes status 

• Family history of diabetes unknown 
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Conclusion 

 

 7.5 µg/m3 NO2 increases the risk of diabetes with 5% 
insignificantly (1.05; 0.99-1.12) 

 

 

 
 

 Long-term exposure to air pollution increases risk of 
diabetes, fine particles are most relevant 
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Author Hazard ratio in fully adjusted model, incl. HP, MI & BMI 

Andersen et al., 2012 HR = 1.04 (1.01-1.07) NO2 per 4.9 µg/m3 

 3.1 µg/m3  PM2.5  increases the risk of diabetes with 11% 
significantly 
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