Supplementary Information 

Indirect adjustment for smoking and body mass index

To estimate the association between exposure and the adjustment variables (i.e., smoking habits and BMI) we made use of data on 47,000 subjects that resided in the same 10 cities from the Canadian Community Health Survey from the 2001, 2003, and 2005 panels and who were between 25 and 89 years of age, to correspond to the age range of the cohort members.   First, we assigned estimates of NO2 to each subject’s residential postal code based on the year of the survey (i.e., 2001, 2003, or 2005) and then estimated the multivariate linear relationship between NO2 and both cigarette smoking habits (i.e., never, former, current) and body mass index (BMI), a measure of obesity as represented by four comparison groups (versus <25kg/m2): 25-30, 30-35, 35-40, >40 after controlling for all the variables included in the survival model.  The relationship, as measured by the hazard ratio (HR), between the adjustment variables and mortality was obtained from the literature.  The HRs and their 95% confidence intervals for the six adjustment variables (two for smoking and four for BMI) are given in Supplemental Information, Table 1 in addition to the linear relationship between NO2 (overall, within, and between) and the six adjusting variables.  

The indirectly adjusted hazard ratio for a 1 ppb change in NO2 exposure, denoted by 
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where 
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is the hazard ratio estimated from the cohort unadjusted for smoking and BMI.  The 
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for i=1,…,6 are the hazards ratios for the six adjusting variables of former or current cigarette smoker and the four categories of BMI reported in Supplemental Information, Table 1 for the five causes of death examined.  The 
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 for 1=1,…,6 represent the estimates of the linear relationship between NO2 exposure and the six adjusting variables simultaneously controlling for the variables included in the survival model.  If all six 
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then the unadjusted and indirectly adjusted hazard ratios are identical.  If the 
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 then the indirectly adjusted hazard ratio is greater than the unadjusted hazard ratio; conversely, if 
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, the opposite is true.  These values are reported in the last three right hand columns of Supplemental Information, Table 1 for the overall, between city and within city NO2 exposures.   

The uncertainty in the estimate of 
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is a function of the uncertainty in 
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 .  The confidence intervals for the hazard ratios reported in Table 3 based on a 5 ppb change in NO2 exposure for the indirectly adjusted model reflect these three sources of uncertainty.
The 
linear associations between either cigarette smoking habits or BMI and NO2 after controlling for the other variables in the survival model tended to be small (-0.0037 < 
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< 0.0089) (Supplemental Information, Table 1), resulting in only small changes in the hazard ratios after adjustment (see final model, Table 3).    The linear associations between all categories of BMI and NO2 were negative for either the overall exposure estimate for both the within-city and between-city exposure contrasts.  We did observe a positive association between current cigarette smoker and NO2 with a very small negative association for former cigarette smokers. 
Supplemental Information Table 1: Quantities for smoking and body mass index required for indirectly adjusting the association between mortality and concentrations of NO2.
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Smoking Status

Never Smoker = reference category NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Current Smoker 1.46 1.44 1.48 1.26 1.23 1.28 1.43 1.39 1.48 1.15 1.10 1.21 2.16 2.04 2.28 0.0046 0.0041 0.0052 0.0089 0.0083 0.0095 0.0034 0.0023 0.0046

Former Smoker 2.78 2.72 2.83 1.94 1.90 1.99 2.65 2.52 2.78 2.03 1.85 2.22 3.88 3.66 4.11 -0.0002 -0.0008 0.0005 -0.0005 -0.0012 0.0003 -0.0001 -0.0014 0.0013

Body Mass Index (BMI) (and group mean)

BMI < 25 kg/m

2

 = reference category NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

25<BMI<30 (27.16 kg/m

2

) 1.12 1.11 1.13 1.15 1.13 1.17 1.15 1.13 1.17 1.15 1.12 1.18 1.08 1.03 1.13 -0.0026 -0.0032 -0.0020 -0.0037 -0.0044 -0.0030 -0.0023 -0.0036 -0.0010

30<BMI<35 (31.94 kg/m

2

) 1.42 1.39 1.47 1.58 1.50 1.66 1.58 1.50 1.66 1.58 1.45 1.72 1.29 1.10 1.50 -0.0017 -0.0021 -0.0013 -0.0023 -0.0028 -0.0018 -0.0015 -0.0024 -0.0007

35<BMI<40 (36.89 kg/m

2

) 1.83 1.77 1.94 2.19 2.01 2.38 2.19 2.01 2.38 2.19 1.90 2.54 1.54 1.17 2.01 -0.0003 -0.0006 -0.0001 -0.0010 -0.0012 -0.0008 -0.0001 -0.0006 0.0003

BMI>40 (45.16 kg/m

2

)

2.79 2.62 3.06 3.77 3.26 4.35 3.77 3.26 4.35 3.77 2.97 4.86 2.09 1.31 3.26 -0.0003 -0.0005 -0.0002 -0.0016 -0.0017 -0.0014 0.0000 -0.0003 0.0003

a. Relative risks for smoking for non-accidental causes, ischemic heart disease, and cerebrovascular diseases:

Thun MJ, Apicella LF, Henley SJ. Smoking vs other risk factors as the cause of smoking-attributable deaths: confounding in the courtroom. JAMA 2000;284(6):706-12.

b. Relative risks for smoking for cardiovascular and respiratory diseases:

Pope CA 3rd, Burnett RT, Thurston GD, Thun MJ, Calle EE, Krewski D, Godleski JJ., Cardiovascular mortality and long-term exposure to particulate air pollution: epidemiological evidence of general pathophysiological pathways of disease. Circulation 2004; 109(1):71-7.

c. Relative risks for BMI for all outcomes:

Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, Qizilbash N, Collins R, Peto R. Body-mass index and cause-specific mortality in 900 000 adults: collaborative analyses of 57 prospective studies. Lancet 2009;373(9669):1083-96.

d.Statistics Canada. Canadian Community Health Survey 2003: User Guide for the Public Use Microdata File. Vol. 59. Ottawa: Health Statistics Division, Statistics Canada, 2005.

Missing Risk Factor

95% CI

Cardiovascular disease Non-accidental causes Overall Ischemic heart disease Cerebrovascular disease Repiratory disease

95% CI 95% CI 95% CI 95% CI

Linear associations between smoking and BMI with concentrations of NO

2 

(ppb) 

from the Canadian Community Health Survey

d

Relative risks for death from selected causes of death associated with smoking behaviours and body mass index (BMI)

a, b, c

Within Between

95% CI 95% CI 95% CI


Supplemental Information, Figure 1: Land use regression surface for Montreal
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Supplemental Information, Figure 2: Trends in citywide concentrations of NO2 from 1984 to 2009 from long-term monitoring data
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Supplemental Information, Table 2: Hazard ratios and 95% confidence intervals associated with a 5 ppb increase in exposure to NO2 and selected causes of mortality – results from standard Cox models
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ratio

Hazard 

ratio

Hazard 

ratio

Hazard 

ratio

NO

2

 only

Overall 1.01 1.00 1.01 1.00 0.99 1.01 1.01 1.00 1.03 0.99 0.96 1.02 1.00 0.97 1.02

Between 0.96 0.95 0.97 0.94 0.92 0.96 0.97 0.94 0.99 0.92 0.88 0.95 0.91 0.88 0.95

Within 1.07 1.06 1.08 1.08 1.06 1.10 1.08 1.06 1.11 1.10 1.05 1.15 1.12 1.07 1.16

NO

2

 + personal covariates

a

Overall 1.02 1.01 1.03 1.01 1.00 1.02 1.03 1.01 1.04 0.99 0.96 1.02 1.03 1.00 1.06

Between 1.00 0.99 1.01 0.97 0.95 0.99 1.00 0.98 1.03 0.93 0.89 0.96 0.97 0.94 1.00

Within 1.05 1.04 1.07 1.06 1.04 1.08 1.06 1.03 1.08 1.08 1.04 1.13 1.11 1.07 1.15

NO

2

 + personal

a

 & contextual

b

 covariates

Overall 1.01 1.00 1.02 1.00 0.99 1.02 1.02 1.00 1.05 0.97 0.93 1.00 1.01 0.98 1.05

Between 0.98 0.96 0.99 0.96 0.94 0.98 1.00 0.97 1.03 0.89 0.84 0.94 0.91 0.87 0.96

Within 1.04 1.03 1.05 1.04 1.02 1.06 1.04 1.01 1.07 1.03 0.99 1.08 1.09 1.04 1.14

95% confidence 

interval

95% 

confidence 

interval

95% 

confidence 

interval

95% confidence 

interval

95% 

confidence 

interval

Non-accidental causes Cardiovascular diseases Ischemic heart disease Cerebrovascular diseases Respiratory diseases


a. immigrant status, visible minority status, marital status, highest level of education, income quintile, occupational class, and employment status

b. % of adults without high school diploma, % of adults in lowest low-income cut-off quintile, % of recent immigrants, mean annual temperature

Supplemental Information, Table 3: Coefficients for contextual covariates from the final, fully-adjusted random-effects models for overall exposures
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 % of adults without high school diploma

City mean 0.0197 0.0038 0.0222 0.0064 0.0340 0.0074 0.0031 0.0103 0.0100 0.0120

Census-tract minus city mean -0.0012 0.0005 0.0002 0.0008 0.0008 0.0010 -0.0068 0.0017 -0.0018 0.0018

% of adults in lowest low-income cut-off quintile

City mean -0.0008 0.0025 0.0019 0.0042 0.0023 0.0051 0.0005 0.0075 -0.0260 0.0085

Census-tract minus city mean 0.0032 0.0006 0.0015 0.0010 0.0004 0.0013 0.0091 0.0021 0.0038 0.0024

% of recent immigrants

City mean 0.0000 0.0028 -0.0012 0.0047 -0.0034 0.0057 -0.0023 0.0077 0.0168 0.0091

Census-tract minus city mean -0.0041 0.0007 -0.0026 0.0011 -0.0004 0.0015 -0.0094 0.0023 -0.0092 0.0026

Mean annual temperature 0.0173 0.0057 0.0104 0.0093 0.0104 0.0104 0.0099 0.0135 -0.0188 0.0162

Contextual covariates

Non-accidental  Cardiovascular  Ischemic Heart  Cerebrovascular  Respiratory 
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