
METHODS   

 

Study population 

The sample from Jackson was 100 percent African-American, and the other three 

samples were predominantly white. Eligible participants were interviewed at home, and 

then invited to a baseline clinical examination in 1987–1989. Initial response rates were 

46% in Jackson and 65-67% in the other sites. A comparison of respondents to non-

respondents has been published 1.  

Pulmonary function measurements 

In accordance with American Thoracic Society criteria and a standardized 

protocol, trained clinic technicians used a Collins Survey II water-seal spirometer which 

was connected to a IBM PC/XT computer and controlled by the Pulmo-Screen II 

software system. 

Geocoding 

The major reasons for inability to link residential addresses with spatial 

coordinates were  inadequate addresses (e.g., state missing-most often military 

addresses, all address fields missing, temporary address, address not in the US, 

apartment name without address or where no address could be located) and that only a 

post office box was provided.  

Due to inaccurate localization of residences associated with geocoding 2, the 

participant addresses may not always be located in the right spot. Therefore, several 

quality assurance steps were taken to verify the geocoding results. For the few 

residences that gave implausible distances to roadways, we used aerial photography to 

visually determine whether residences had been geocoded to the proper locations. We 

also used address information combined with the road network to verify that these 

participant locations were geocoded to the proper locations along a road segment. 
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Traffic exposure  

 Traffic density 

The densities were calculated for the annual average daily traffic (AADT) 

volumes that were assigned to Geographic Data Technology (GDT, now Tele Atlas 

Global Crossroads, Boston MA) roadway links. The densities were calculated using 

10x10 meter pixels and a search radius that effectively causes the densities to decrease 

linearly from the volume-dependent values at the edge of the roadway to 90% of those 

values within 300 meters of the roadways.   

Background air pollution level 

Data from a maximum of three monitoring stations are used in each interpolation.  

A maximum interpolation radius of 100 km was used for all pollutants. According to this 

criterion, there is close to 100% data completeness for PM10 and O3; however, the NO2 

data is missing for 3,543 participants, primarily due to an absence of NO/NO2/NOx 

measurements for the Jackson (Mississippi) area during our research period.  

Other covariate 

Body mass index (BMI) was calculated as weight (kg)/[height (m)]2. Using self-

reported information on smoking history, we classified subjects as never smokers, ex-

smokers, or current smokers and quantified total cigarette smoking in pack-years. 

Exposure to ETS was assessed using the following question: "During the past year, 

about how many hours per week, on average, were you in close contact with people 

when they were smoking? For example, in your home, in a car, at work, or other close 

quarters."  
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RESULTS 

 

Table A1. Demographic characteristics and lung function measurements of the geocoded and non-geocoded ARIC participants 

(1987-89)* 

 Female (n=8,659)  Male (n=7,149) 

 Geocoded 

(n=7,789) 

Non-geocoded  

(n=870) 

 Geocoded 

(n=6,183) 

Non-geocoded   

(n=966) 

Age (yr) 53.8 (5.7) 53.8 (5.6)  54.6 (5.8) 55.3 (5.5) 

Smoking      

       Current smoker (%) 24.8 25.2  28.0 35.3 

       Former smoker (%) 22.7 19.3  44.3 35.8 

       Never regular (%) 52.5 55.5  27.7 25.9 

Ethnicity      

        Black (%) 31.8 30.9  24.1 24.0 

 White (%) 68.2 69.1  75.9 76.0 

BMI (kg/m2)   27.9 (6.2) 28.0 (6.0)  27.5 (4.2) 28.6 (4.8) 

Height (cm) 162.4 (6.0) 161.7 (5.7)  176.2 (6.6) 176.3 (6.6) 
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FEV1 (ml) 2408.2 (510.5) 2399.9 (504.1)  3311.9 (742.2) 3208.3 (746.5) 

FVC (ml) 3186.6 (622.6) 3185.2 (596.8)  4521.1 (864.1) 4455.0 (858.0) 

FEV1/FVC ratio (%) 75.6 (7.4) 75.2 (7.3)  73.1 (8.6) 71.8(8.7) 

* All values are means and standard deviations unless specified as percentages
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Table A2. Demographic characteristics of the female ARIC participants stratified by quartiles of traffic density and distance to major 

roads (mean and standard deviation) 

 Traffic density*  Distance to major roads 

 Q1 Q2 Q3 Q4  >=150m  <150m 

Age (year) 53.6 (5.7) 53.5 (5.7) 53.7 (5.7) 54.4 (5.7)  53.5 (5.7)   54.3 (5.7) 

BMI  28.0 (6.3) 27.8(6.2) 27.6 (5.9) 28.1 (6.3)    27.7 (6.1) 28.2 (6.2) 

Ethnicity        

Black (%)  35.8 30.3 30.2 31.0  30.9 33.1 

White (%) 64.2 69.7 69.8 69.0  69.1 66.9 

Smoking        

       Current smoker (%) 21.9 25.8 24.3 27.6  23.4 27.0 

       Former smoker (%) 20.9 21.7 25.3 23.0  22.8 22.6 

       Never regular (%) 57.7 52.6 50.4 49.4  53.8 50.4 

Height (cm) 162.4 (6.2) 162.5 (5.8) 162.3 (6.1) 162.2 (6.1)  162.4 (6.0) 162.2 (6.1) 

Census-tract median   

household income ($) 

  29814.2 

(12108.2) 

  32409.2 

(13642.5) 

31358.0 

(13237.4) 

  29094.4 

(12718.7) 

 31920.3 

(12935.4) 

28770.2 

(12868.9) 

* Q1: the lowest quartile; Q4: the highest quartile; 
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Table A3.  Demographic characteristics of the male ARIC participants stratified by quartiles of traffic density and distance to major 

roads (mean and standard deviation) 

 Traffic density*  Distance to major roads 

 Q1 Q2 Q3 Q4  >=150m  <150m 

Age (year)   54.4 (5.7) 54.4 (5.8) 54.6 (5.8) 55.0 (5.9)  54.4 (5.8) 55.0 (5.8) 

BMI    27.5 (4.3) 27.4 (4.1) 27.5 (4.1) 27.5 (4.4)  27.5 (4.2) 27.5 (4.3) 

Ethnicity        

Black (%) 27.7 22.7 23.0 22.9  23.9 24.4 

White (%) 72.3 72.3 77.0 77.1  76.1 75.6 

Smoking        

       Current smoker (%) 26.8 28.0 28.3 28.9  27.1 29.5 

       Former smoker (%) 43.2 44.8 45.6 43.7  44.8 43.6 

       Never regular (%) 30.0 27.2 26.1 27.4  28.1 26.9 

Height (cm)   176.0 (6.6) 176.6 (6.6) 176.3 (6.5) 175.7 (6.6)  176.5 (6.5) 175.7 (6.5) 

Census-tract median   

household income ($) 

31763.2 

(11680.9) 

34531.9 

(13173.0) 

33226.9 

(12769.8) 

  30804.6 

(12477.3) 

 33735.3 

(12429.3) 

30728.4 

(12705.7) 

* Q1: the lowest quartile; Q4: the highest quartile; 
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Table A4. Association of traffic exposure with FEV1, FVC and FEV1/FVC ratio in both female and male ARIC  

participants in 1987-1989 

 Quartiles of traffic density  Distance to major roads 

 1(lowest) 2 3 4 p value†  >=150m <150m p value 

FEV1 (ml)          

     Age/sex  

     adjusted model    

0 22.5 

(-6.9, 51.8) 

-7.1 

(-36.4, 22.3) 

-12.9 

(-42.7,17.0) 

0.068  0 -29.6 

(-50.7, -8.5) 

0.006 

     Multivariate   

     model* 

0 14.2 

(-10.5,39.0) 

-13.2 

(-38.1, 11.8) 

-5.5 

(-30.7,19.6) 

0.258  0 -10.3 

(-27.6, 7.0) 

0.243 

FVC (ml)          

     Age/sex  

     adjusted model    

0 17.2 

(-17.3,51.8) 

-14.0 

(-48.6, 20.6) 

-15.8 

(-51.0, 9.4) 

0.167  0 -22.2 

(-47.0, 2.6) 

0.079 

     Multivariate   

     model* 

0 10.6 

(-17.8,38.9) 

-22.3 

(-50.9, 6.3) 

-13.6 

(-42.5,15.3) 

0.140  0 -8.6 

(-28.4, 11.3) 

0.397 

FEV1/FVC (%)          

     Age/sex  

     adjusted model    

0 0.2 

(-0.2, 0.6) 

0.1 

(-0.3, 0.5) 

0.0 

(-0.4, 0.4) 

0.349  0 -0.3 

(-0.6, 0.0) 

0.065 
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     Multivariate   

     model* 

0 0.1 

(-0.2, 0.5) 

0.1 

(-0.3, 0.5) 

0.1 

(-0.3, 0.5) 

0.803  0 -0.1 

(-0.3, 0.2) 

0.553 

* Adjusted for center, ethnicity, age, sex, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, 

census tract-based income, height, square of height, and background air pollution level; 

† P values for trend based on quartiles scaled by the quartile medians.  
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Table A5. Associations of traffic exposure with FEV1, FVC and FEV1/FVC ratio in non-smokers of ARIC participants in 1987-1989* 

  Quartiles of traffic density  Distance to major roads 

  1(lowest) 2 3 4 p value†  >=150m <150m p value 

Female non-

smokers 

FEV1 (ml) 0 4.6 

(-27.6, 36.8) 

-4.6 

(-36.9, 27.7) 

-15.8 

(-48.5, 16.9) 

0.213  0 -17.4 

(-40.5, 5.7) 

0.139 

 FVC (ml) 0 -10.5 

(-49.9, 28.9) 

-10.5 

(-50.0, 29.1) 

-25.0 

(-65.0, 15.1) 

0.253  0 -18.1 

(-46.4, 10.1) 

0.208 

 FEV1/FVC 

ratio (%) 

0 0.4 

(-0.1, 0.9) 

0.1 

(-0.4, 0.6) 

0.1 

(-0.5, 0.6) 

0.721  0 -0.1 

(-0.5, 0.3) 

0.691 

FEV1 (ml) 0 45.3 

(-24.7,115.3)

28.9 

(-42.5, 100.3) 

-5.2 

(-77.3, 66.8) 

0.382 0 9.5 

(-41.5, 60.6) 

0.715 Male non-

smokers 

FVC (ml) 0 24.2 

(-58.5,106.8)

35.7 

(-48.5, 119.9) 

-13.4 

(-98.3, 71.6) 

0.493 0 6.2 

(-54.1, 66.4) 

0.841 

 FEV1/FVC 

ratio (%) 

0 0.6 

(-0.2, 1.5) 

0.0 

(-0.9, 0.9) 

-0.1 

(-0.9, 0.8) 

0.340  0 0.1 

(-0.6, 0.7) 

0.848 

All non-smokers FEV1 (ml) 0 21.0 

(-9.8, 51.8) 

5.3 

(-25.8, 36.4) 

-9.7 

(-41.1, 21.8) 

0.155  0 -8.7 

(-30.9, 13.5) 

0.443 
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 FVC (ml) 0 4.4 

(-32.9, 41.6) 

2.4 

(-35.3, 40.1) 

-20.7 

(-58.8, 17.4) 

0.171  0 -9.6 

(-36.4, 17.2) 

0.483 

 FEV1/FVC 

ratio (%) 

0 0.5 

(0.0, 0.9) 

0.1 

(-0.4, 0.5) 

0.1 

(-0.4, 0.6) 

0.542  0 0.0 

(-0.4, 0.3) 

0.790 

* Adjusted for center, ethnicity, age, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, 

census tract-based income, height, square of height, and background air pollution level; 

† P values for trend based on quartiles scaled by the quartile medians.  
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Table A6. Gender- and ethnicity -specific associations of traffic exposure with FEV1, FVC and FEV1/FVC ratio in ARIC participants* 

   Quartiles of traffic density  Distance to major roads 

   1(lowest) 2 3 4 p 

value† 

 >=150m <150m p value 

FEV1 

(ml) 

Female Black 0 -15.1 

(-64.2, 33.9) 

-79.2 

(-128.2, -30.2)

-44.1 

(-93, 4.8) 

0.084  0 -18.6 

(-54.7, 17.4) 

0.311 

  White 0 16.8 

(-15.5, 49.1) 

11.0 

(-21.4, 43.4) 

-7.1 

(-39.6, 25.4) 

0.228  0 -15.8 

(-37.7, 6.1) 

0.158 

 Male Black 0 -36.8 

(-128.7,55.2) 

47.7 

(-43.6, 138.9) 

13.8 

(-80.4,108.0) 

0.465  0 30.1 

(-39.2, 99.3) 

0.395 

  White 0 37.0 

(-14.7, 88.6) 

-24.8 

(-77.4, 27.7) 

13.1 

(-40.0, 66.2) 

0.808  0 -17.4 

(-53.2, 18.4) 

0.342 

FVC 

(ml) 

Female Black 0 -11.9 

(-71.2, 47.4) 

-76.6 

(-135.8, -17.4)

-47.6 

(-106.7,11.5) 

0.108  0 -12.9 

(-56.5, 30.6) 

0.560 

  White 0 8.1 

(-29.5, 45.7) 

-2.9 

(-40.7, 34.8) 

-25.5 

(-63.4, 12.4) 

0.058  0 -28.7 

(-54.1, -3.2) 

0.028 

 Male Black 0 -43.2 34.0 38.7 0.248  0 22.8 0.584 
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(-151.1, 64.8) (-73.2, 141.1) (-72.0,149.3) (-58.6, 104.1) 

  White 0 32.5 

(-25.1, 90.2) 

-33.3 

(-91.9, 25.3) 

10.8 

(-48.5, 70.1) 

0.842  0 7.5 

(-32.4, 47.4) 

0.713 

Female Black 0 -0.3 

(-1.2, 0.7) 

-1.0 

(-1.9, 0) 

-0.5 

(-1.4, 0.5) 

0.421 0 -0.3 

(-1.0, 0.4) 

0.353 FEV1/FVC 

ratio (%) 

 White 0 0.3 

(-0.2, 0.8) 

0.4 

(-0.1, 0.9) 

0.4 

(-0.2, 0.9) 

0.424 0 0.2 

(-0.2, 0.6) 

0.288 

 Male Black 0 -0.3 

(-1.7, 1.0) 

0.6 

(-0.7, 1.9) 

-0.3 

(-1.7, 1.1) 

0.869  0 0.5 

(-0.5, 1.5) 

0.302 

  White 0 0.3 

(-0.4, 1.0) 

0.1 

(-0.6, 0.8) 

0.2 

(-0.5, 0.9) 

0.867  0 -0.5 

(-1.0, 0.0) 

0.040 

* Adjusted for center, age, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, census tract-

based income, height, square of height, and background air pollution level; 

† P values for trend based on quartiles scaled by the quartile medians.  
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Table A7. Associations of traffic exposure with FEV1 , FVC and FEV1/FVC ratio in female ARIC participants at visit 2* 

 Quartiles of traffic density Distance to major roads 

 1(lowest) 2 3 4 p value† >=150m <150m p value 

FEV1 (ml) 0 4.8 

(-23.4, 33) 

1.9 

(-26.5, 30.3) 

-22.7 

(-51, 5.5) 

0.033 0 -22.1 

(-42.7, -1.6) 

0.034 

FVC (ml) 0 -3.6 

(-36.4, 29.2) 

-6.2 

(-39.2, 26.9) 

-32.9 

(-65.8, 0) 

0.022 0 -32.9 

(-56.9, -9.0) 

0.001 

FEV1/FVC (%) 0 0.2 

(-0.3, 0.6) 

0.1 

(-0.3, 0.6) 

0.0 

(-0.5, 0.4) 

0.719 0 0.1 

(-0.3, 0.4) 

0.683 

* Adjusted for center,  ethnicity, age, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, 

census tract-based income, height, square of height, and background air pollution level; 

† P values for trend based on quartiles scaled by the quartile medians.  
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Table A8. Associations of traffic exposure with FEV1 , FVC and FEV1/FVC ratio in male ARIC participants at visit 2* 

 Quartiles of traffic density Distance to major roads 

 1(lowest) 2 3 4 p value† >=150m <150m p value 

FEV1 (ml) 0 25.2 

(-20.8, 71.1) 

-2.7 

(-50.1, 44.6) 

3.8 

(-43.6, 51.1) 

0.474 0 0.2 

(-1.8, 2.2) 

0.865 

FVC (ml) 0 6.8 

(-45.7, 59.3) 

-11.8 

(-65.9, 42.3) 

-3.6 

(-57.7, 50.5) 

0.618 0 5.0 

(-33.9, 44) 

0.801 

FEV1/FVC (%) 0 0.6 

(0, 1.2) 

0.3 

(-0.3, 0.9) 

0.3 

(-0.3, 0.9) 

0.774 0 -0.3 

(-0.8, 0.1) 

0.157 

* Adjusted for center, ethnicity, age, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, 

census tract-based income, height, square of height, and background air pollution level; 

† P values for trend based on quartiles scaled by the quartile medians. 
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Table A9. Associations of traffic exposure with changes of FEV1, FVC and FEV1/FVC ratio in female ARIC participants  

from visit 1 to 2* 

 Quartiles of traffic density Distance to major roads 

 1(lowest) 2 3 4 p value† >=150m <150m p value 

FEV1 (ml) 0 5.7 

(-11.7, 23) 

17.6 

(0.2, 34.9) 

6.3 

(-11.1, 23.8) 

0.697 0 -4.3 

(-16.3, 7.8) 

0.488 

FVC (ml) 0 10.9 

(-12.4, 34.1) 

20.4 

(-3.0, 43.7) 

9.5 

(-13.9, 32.9) 

0.730 0 -6.9 

(-23.0, 9.2) 

0.401 

FEV1/FVC (%) 0 -0.1 

(-0.4, 0.2) 

0.0 

(-0.3, 0.3) 

0.0 

(-0.3, 0.3) 

0.762 0 0.0 

(-0.2, 0.2) 

0.730 

* Adjusted for center, ethnicity, age, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, 

census tract-based income, height, square of height, and background air pollution level; 

† P values for trend based on quartiles scaled by the quartile medians. 
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Table A10. Associations of traffic exposure with changes of FEV1, FVC and FEV1/FVC ratio in male ARIC participants  

from visit 1 to 2* 

 Quartiles of traffic density Distance to major roads 

 1(lowest) 2 3 4 p value† >=150m <150m p value 

FEV1 (ml) 0 -5.6 

(-31.1, 19.9) 

7.8 

(-17.9, 33.6) 

-9.2 

(-35.5, 17.1) 

0.561 0 -6.3 

(-24.4, 11.7) 

0.491 

FVC (ml) 0 -16.2 

(-51.9, 19.4) 

8.2 

(-27.8, 44.2) 

-10.8 

(-47.5, 25.9) 

0.860 0 -3.4 

(-28.6, 21.8) 

0.791 

FEV1/FVC (%) 0 0.3 

(-0.1, 0.7) 

0.1 

(-0.2, 0.5) 

0.1 

(-0.3, 0.5) 

0.902 0 -0.1 

(-0.4, 0.2) 

0.459 

* Adjusted for center, ethnicity, age, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, 

census tract-based income, height, square of height, and background air pollution level; 

† P values for trend based on quartiles scaled by the quartile medians. 
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Table A11. Associations of traffic densities with FEV1, FVC and FEV1/FVC ratio in participants of Forsyth, Jackson and Minneapolis 

in 1987-1989*  

 Quartiles of traffic density Distance to major roads 

 1(lowest) 2 3 4 p value† >=150m <150m p value 

FEV1 (ml) 0 -2.0 

(-33.5, 29.4) 

-29.5 

(-61.4, 2.4) 

-30.5 

(-63, 2) 

0.033 0 -21.8 

(-43.2, -0.4) 

0.046 

FVC (ml) 0 -1.1 

(-37.9, 35.6) 

-36.5 

(-73.8, 0.8) 

-40.4 

(-78.4, -2.4) 

0.013 0 -28.3 

(-53.3, -3.2) 

0.027 

FEV1/FVC (%) 0 -0.1 

(-0.6, 0.5) 

-0.2 

(-0.7, 0.4) 

-0.1 

(-0.7, 0.5) 

0.847 0 0.0 

(-0.4, 0.3) 

0.835 

* Adjusted for center, ethnicity, age, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, 

census tract-based income, height, square of height, and background air pollution level; 

† P values for trend based on quartiles scaled by the quartile medians.  
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Table A12. Association of distance to major roads with FEV1, FVC and FEV1/FVC ratio in participants of Forsyth, Jackson and 

Minneapolis in 1987-1989* 

 Quartiles of traffic density Distance to major roads 

 1(lowest) 2 3 4 p value† >=150m <150m p value 

FEV1 (ml) 0 7.0 

(-44.8, 58.8) 

-19.1 

(-72.2, 34) 

-7.9 

(-62.8, 46.9) 

0.610 0 -13.0 

(-48.8, 22.8) 

0.476 

FVC (ml) 0 15.4 

(-43, 73.8) 

-21.7 

(-81.6, 38.2) 

11.6 

(-50.2, 73.5) 

0.878 0 4.7 

(-35.7, 45.2) 

0.818 

FEV1/FVC (%) 0 -0.2 

(-0.9, 0.5) 

0.0 

(-0.7, 0.7) 

-0.3 

(-1.0, 0.4) 

0.518 0 -0.2 

(-0.7, 0.2) 

0.315 

* Adjusted for center, ethnicity, age, smoking status, pack-years of cigarette smoking, ETS, BMI, occupation, educational level, 

census tract-based income, height, square of height, and background air pollution level;  
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