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Chapter 9 Additional Materials

Chapter 9: Traffic-Related Air Pollution and Respiratory Outcomes

Additional Materials: All Analyses

Asthma Onset

Prevalence of Asthma Ever

Prevalence of Active Asthma

Acute Lower Respiratory Infections (ALRI)

Incidence of Chronic Obstructive Pulmonary Disease (COPD)
Prevalence of Active Wheeze

Prevalence of Wheeze Ever
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9.1 Asthma onset

Overview of primary meta-analyses — Children (<18)
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Footnote: The following increments were used: 10 pg/m? for NO,, 20 pg/m?* for NOy, 1 pg/m? for EC, and 5 pg/m?3 for PM, 5. Effect estimates cannot be
directly compared across the different traffic-related pollutants because the selected increments do not necessarily represent the same contrast in
exposure.



NO; - Asthma onset - Adults
Primary meta-analysis

Study

Modig, 2006

Jacquemin, 2009b

Modig, 2009
Andersen, 2012

Jacquemin, 2015
Weichenthal, 2017

Salimi, 2018

Random effects model

Prediction interval

Heterogeneity: 17 = 42%, <° = 0.0033, p = 0.11

NO, - Incidence of asthma, Adults

Relative Risk per 10 ugfm3

Study Name Relative Risk RR
Lulea Adults' Asthma Incidence i 1.00
ECRHS —_— 143
RHINE Sweden 1.54
DDCH — = 1.18
ESCAPE = 1.10
ONPHEC - 1.04
45 and Up Study s e 1.05
R 1.10
I T i T
06 075 1 1.5 2
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95%-Cl Weight

[037:273] 06%
[1.02;201 45%
[1.00;2.37] 29%
[1.02;1.37] 16.3%
[0.99:122] 250%
[1.02;1.06] 43.5%
[0.81:1.36] 7.3%

[1.01; 1.21] 100.0%
[0.92: 1.32]



NO,— Asthma onset — Adults

Chapter 9 Additional Materials

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain — low/moderate vs

high

Study Study Name Relative Risk RR 95%-Cl
LowiModerate
Jacquemin, 20090 ECRHS —_— 143 [1.02;,2.01]
Modig, 2009 RHIMNE Sweden " 154 [1.00; 2.37]
Andersen, 2012 DDCH — 1.18 [1.02; 1.37]
Jacquemin, 2015 ESCAPE [ 1.10 [0.99; 1.22]
Weichenthal, 2017 OMNPHEC - 1.04 [1.02; 1.06]
Salimi, 2018 45 and Up Study — 1.05 [0.81; 1.36]
Random effects model = 1.11 [0.99;1.23]
Heterogeneity: /* = 51%, 1" = 0.0034, p = 0.07
High
Modig, 2006 Lulea Adults’ Asthma Incidence = > 1.00 [0.37;273]
I T I T 1
0.6 0.75 1 15 2

Relative Risk per 10 pg.-'m:
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NO;— Asthma onset — Adults
Sensitivity analysis — risk of bias missing data domain — low/moderate vs high

Study Study Name: Relative Risk RR 95%-Cl

Low/Moderate

Modig, 2009 RHINE Sweden > 154 [1.00;2.37]

Andersen, 2012 DDCH — 1.18 [1.02;1.37]
Jacguemin, 2015 ESCAPE — 1.10 [0.99;1.22]
Weichenthal, 2017 ONPHEC + 1.04 [1.02;1.06]
Salimi, 2018 45 and Up Study e L a— 1.05 [0.81;1.36]
Random effects model T 1.08 [0.98;1.19]

Heterogeneity: /* = 43%, t = 0.0020, p = 0.14

High
Madig, 2006
Jacquemin, 2008b

Lulea Adults’ Asthma Incidence

ECRHS

L

0.75 1 15 2

Relative Risk per 10 |.|g.n’n'|:I

1.00 [0.37;2.73]
143 [1.02;2.01]
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NO;— Asthma onset — Adults
Subgroup analysis — region

Study Study Name Relative Risk RR a5%.-Cl

North America
Weichenthal, 2017 ONPHEC = 1.04 [1.02;1.06]

Western Europe

Modig, 2006 Lulea Adults’ Asthma Incidence 1.00 [0.37,273]
Jacquemin, 20080 ECRHS — > 1.43 [1.02;2.01]
Madig, 2009 RHINE Sweden > 154 [1.00;2.37]
Andersen, 2012 DDCH _— 1.18 [1.02;1.37]
Jacgquemin, 2015 ESCAPE e 1.10 [0.98; 1.22]
Random effects model === 117 [1.02;1.33]

Heterogeneity: /°= 7%, © = 0.0018, p = 0.37

Australia/New Zealand
Salimi, 2018 45 and Up Study — 1.05 [0.81;1.36]

I I 1 1 1
0.6 0.75 1 15 2
Relative Risk per 10 |.|g.n’n'|:I
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NO;— Asthma onset — Adults
Subgroup analysis — year of publication

Study Study Name Relative Risk RR 95%.-Cl
Before 2008

Modig, 2006 Lulea Adults’ Asthma Incidence ® T * 1.00 [0.37;,273]
After 2008

Jacquemin, 2009b ECRHS —_— 143 [1.02,201]
Modig, 2009 RHINE Swedean [ 154 [1.00;237]
Andersen, 2012 DDCH —_— 1.18 [1.02;1.37]
Jacquemin, 2015 ESCAFPE —— 110 [0.99;1.23]
Weichenthal, 2017 ONPHEC * 1.04 [1.02;1.06]
Salimi, 2018 45 and Up Study e & — 1.05 [0.81;1.36]
Random effects model e 1.11 [0.99;1.23]
Heterogeneity: /= 51%, t° = 0.0034, p = 0.07 | : : :

0.6

0.75 1 15

Relative Risk per 10 |.|g.n’n'|:I



NO;— Asthma onset — Adults
Subgroup analysis — traffic specificity

RR 95%-Cl

—_———— 143 [1.02,2.01]
————————————— 154 [1.00;2.37]

118 [1.02;1.37]
110 [0.99; 1.22]
1.04 [1.02; 1.08]
1.05 [0.81; 1.36]
1.11 [0.99; 1.23]

* 1.00 [0.37,273]

Study Study Name Relative Risk
High
Jacquemin, 2008b ECRHS
Modig, 2009 RHINE Sweden
Andersen, 2012 DDCH e
Jacquemin, 2015 ESCAFE ——
Weichenthal, 2017 OMNPHEC +
Salimi, 2018 45 and Up Study _—
Random effects model i
Heterogeneity /* = 51%, t° = 0.0034, p = 0.07
Moderate
Modig, 2006 Lulea Adults’ Asthma Incidence = z
|
I T T T 1
0.6 075 1 15 2

Relative Risk per 10 |.|g.n’n'|:I

Chapter 9 Additional Materials



NO;— Asthma onset — Adults
Subgroup analysis — smoking adjustment

Study

Yes

Modig, 2006
Jacquemin, 20090
Modig, 2009

Andersen, 2012
Jacquemin, 2015
Salimi, 2018

Random effects model

Study Name

Lulea Adults’ Asthma Incidence =

ECRHS
RHINE Sweden
DDCH
ESCAPE
45 and Up Study

Heterogeneity: /°= 0%, ©° =0, p = 0.45

No
Weichenthal, 2017

OMPHEC

Relative Risk RR
* 1.00
_—
" 154
— 1.18
[ 1.10
-_r 1.05
== 1.14
" 1.04
I 1 I 1
0.75 1 15 2

0.6

Relative Risk per 10 |.|g.n’n'|:I

95%-Cl

[0.37; 2.73]
[1.02; 2.01]
[1.00; 2.37]
[1.02; 1.37]
[0.99; 1.22]
[0.8; 1.36]
[1.04: 1.26]

[1.02; 1.06]
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NO; - Asthma onset - Children
Primary meta-analysis

NO, - Incidence of asthma - Children (<18 years)

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
Clougherty et al. 2007 EBNHC Annual average for the year of diagnosis & 1.28 [0.96;1.70] 29%
Jerrett et al. 2008 CHS Annual average —a 124 [1.06;1.46] 6.5%
Kramer et al. 2009 GINI, LISA: Wesel Annual average at birth ——-—'— 119 [0.85;167] 22%
Oftedal et al. 2009 Oslo Birth Cohort Average first year - 093 [0.86;1.00] 11.8%
Gehring et al. 2010 PIAMA Annual average at birth -—'— 1.16 [0.96;1.40] 54%
Carlsten etal. 2011 Vancouver High Risk Asthma Infants Annual average at birth 4 * 176 [086;3.57] 06%
Ranzi et al. 2014 GASPI Annual average at birth e e e— 107 [0.76,1.52] 22%
Gehring et al. 2015 ESCAPE Annual average at birth ~E— 113 [1.02;1.25] 100%
Shihi et al 2016 BC 99/02 Birth Cohort Entire pregnancy E 1 095 [089;101] 129%
Tétreault et al. 2016 Quebec Birth Cohort Annual average at birth i 1.04 [1.02;1.05] 152%
Lavigne et al. 2018 BORN Ontario Entire pregnancy {7 1.05 [1.04;1.07] 152%
Lavigne et al. 2019 BORN Toronto Entire pregnancy i 1.01 [0.99;1.03] 15.0%
Random effects model = 1.05 [0.99; 1.12] 100.0%
Prediction interval ! [0.89; 1.25]

Heterogeneity: 12 = 73%, ©° = 0.0051, p = 0.01 . : ! )
07 1 15 2
Relative Risk per 10 |,Jg;’m3

10



NO,— Asthma onset — Children
Funnel plot

Chapter 9 Additional Materials

00
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Egger's test p-value=Q.613
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Footnote: The vertical lines in the funnel plots represent the pooled fixed and random effect estimates. The vertical dashed line in the middle of the funnel
shows the fixed effect estimate. As the Panel applied a random—effects model, the funnel plot also presents the random—effects estimate with the dotted

line.

11



NO,— Asthma onset — Children
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Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain —

low/moderate vs high

Study Study Name Relative Risk
Low/Moderate

Clougherty et al. 2007 EBMHC e
Jerrett et al. 2008 CHsS _—
Kramer et al. 2009 GINI, LISA: Wesel

Oftedal et al. 2009 Oslo Birth Cohort —=—

Gehring et al. 2010 PlAMA T/
Carlsten et al. 2011 Vancouver High Risk Asthma Infants

Ranzi et al. 2014 GASPI

Gehring et al. 2015 ESCAFE _—
Tétreault et al. 2016 Cluebec Birth Cohort =

Lavigne et al. 2018 BORM Ontario

Lavigne et al. 2018 BORM Taronto =

Random effects model =
Heterogeneity: /°= 69%, © = 0.0044, p = 0.01

High

Sbihi et al. 2016 BC 99/02 Birth Cohort =

ri 1 I
0.7 1 15
Relative Risk per 10 ug.-'m]

12

RR

1.28
1.24
1.19
0.93
116
176
1.07
113
1.04
1.05
1.01
1.07

0.95

95%-Cl
[0.96;1.70]
[1.06; 1.46]
[0.85; 1.67]
[0.86; 1.00]
[0.96; 1.40]
[0.86; 3.57]
[0.76; 1.52]
[1.02;1.25]
[1.02; 1.05]
[1.04;1.07]
[0.99; 1.03]
[1.00; 1.14]
[0.89;1.01]



NO,— Asthma onset — Children

Sensitivity analysis — risk of bias missing data domain — low/moderate vs high

Chapter 9 Additional Materials

Study Study Name Relative Risk RR 95%.Cl
LowiModerate
Clougherty et al. 2007 EBMNHC I L — 128 [0.86;1.70]
Jerrett et al. 2008 CHS —_— 124 [1.06; 1.46]
Kramer et al. 2009 GINI, LISA: Wesel 1.19 [0.85; 1.67]
Oftedal et al. 2009 Oslo Birth Cohort — 0.93 [0.86; 1.00]
Gehring et al. 2010 PIAMA T 116 [0.96; 1.40]
Carlsten et al. 2011 Wancouver High Risk Asthma Infants * 176 [0.86; 3.57]
Ranzi et al. 2014 GASPI 1.07 [0.76; 1.52]
Gehring et al. 2015 ESCAPE —_— 113 [1.02;1.25]
Sbihi et al. 2016 BC 99/02 Birth Cohort — 095 [0.89;1.01]
Tétreault et al. 2016 Quebec Birth Cohort = 1.04 [1.02; 1.05]
Lavigne etal 2019 BORM Toranto ™~ 1.07 [0.99; 1.03]
Random effects model S 1.06 [0.98;1.14]
Heterogeneity: /° = 70%, ©° = 0.0071, p < 0.01
High
Lavigne etal. 2018 BORM Ontario - 1.05 [1.04; 1.07]
1 T 1
07 1 15 2

Relative Rizk per 10 |.|gs'm:I

13
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NO;— Asthma onset — Children
Subgroup analysis — region

Study Study Name Relative Risk RR 95%.Cl
North America

Clougherty et al. 2007 EBNHC I . E— 1.28 [0.96;1.70]
Jerrett et al. 2008 CHS —_— 124 [1.06; 1.486]
Carlsten et al. 2011 Vancouver High Risk Asthma Infants 176 [0.86; 3.57]
Tétreault et al. 2016 Quebec Birth Cohort * 1.04 [1.02;1.09]
Shihi et al. 2016 BC 98/02 Birth Cohort —] 0.95 [0.89;1.01]
Lavigne et al. 2018 BORM Ontario - 1.05 [1.04; 1.07]
Lavigne et al. 2019 BORM Taoranto £ 1.01 [0.99; 1.03]
Random effects model 'J:I> 1.04 [0.96;1.13]

Heterogeneity; /= 79%, ©° = 0.0031, p < 0.01

Western Europe

Oftedal et al. 2009 Oslo Birth Cohort == 093 [0.86;1.00]
Kramer et al. 2009 GINI, LISA: Wesel 1.19 [0.85; 1.67]
Gehring et al. 2010 PIAMA - 1.16 [0.96; 1.40]
Ranzi et al. 2014 GASPI 1.07 [0.76; 1.52]
Gehring et al. 2015 ESCAPE - 113 [1.02, 1.25)
Random effects model e 1.07 [0.93;1.22]

Heterogeneity: I° = 67%, ©* = 0.0094, p = 0.02

T T 1
07 1 15 2
Relative Rizk per 10 |.|gs'm:I
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NO;— Asthma onset — Children
Sensitivity analysis — year of publication

Study Study Name Relative Risk RR a95%-Cl
Before 2008

Clougherty et al. 2007 EBMHC T 1.28 [0.96;1.70]
Jerrett et al. 2008 CHS — s 1.24 [1.06; 1.46]
After 2008

Oftedal et al. 2009 Oslo Birth Cohort e | 0.93 [0.86;1.00]
Kramer et al. 2009 GINI, LISA Wesel 1.19 [0.85; 1.67]
Gehring et al. 2010 PlAMA e T 1.16 [0.96; 1.40]
Carlsten et al. 2011 Vancouver High Risk Asthma Infants > 1.76 [0.86; 3.57]
Ranzi et al. 2014 GASPI 1.07 [0.¥6; 1.52]
Gehring etal. 2015 ESCAPE —_— 1.13 [1.02; 1.25]
Tétreault et al. 2016 Quebec Birth Cohort = 1.04 [1.02; 1.05]
Sbihi etal. 2016 BC 99/02 Birth Cohort —E 0.95 [0.89;1.01]
Lavigne et al. 2018 BORM Ontario = 1.05 [1.04; 1.07]
Lavigne et al. 2018 BORM Taronto = 1.01 [0.99; 1.03]
Random effects model 13 1.03 [0.97; 1.09]
Heterogeneity: /°= 74%, © = 0.0027, p = 0.01

ri 1 I 1
0.7 1 15 2
Relative Risk per 10 ug.-'m]

15
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NO;— Asthma onset — Children
Sensitivity analysis — traffic specificity

Study Study Name Relative Risk RR 95%-Cl
High
Clougherty et al. 2007 EBMNHC T 1.28 [0.96;1.70]
Oftedal et al. 2009 Oslo Birth Cohort | 0.93 [0.86; 1.00]
Kramer et al. 2009 GINI, LISA Wesel 1.19 [0.85; 1.67]
Gehring et al. 2010 PIAMA T 116 [0.96; 1.40]
Carlsten etal. 2011 Wancouver High Risk Asthma Infants 176 [0.86; 3.57]
Ranzi etal. 2014 GASPI 1.07 [0.76; 1.52]
Gehring et al. 2015 ESCAPE —_— 113 [1.02; 1.25]
Tétreault et al. 2016 Quebec Birth Cohort * 1.04 [1.02;1.05]
Shihi et al. 2016 BC 99/02 Birth Cohort =5 0.95 [0.89; 1.01]
Lavigne etal 2019 BORM Toronto * 1.01 [0.99;1.03]
Random effects model J:> 1.03 [0.96; 1.11]
Heterogeneity: /= 68%, © = 0.0044, p =< 0.01
Moderate
Jerrett et al. 2008 CHS _— 1.24 [1.06; 1.46]
Lavigne etal 2018 BORM Ontaria - 1.05 [1.04;1.07]
i ! I 1
0.7 1 15 2

Relative Risk per 10 ug!m]

16
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NO;— Asthma onset — Children
Subgroup analysis — smoking adjustment

Study Study Name Relative Risk RR 95%.Cl
Yes

Clougherty et al. 2007 EBNHC I . E— 1.28 [0.96;1.70]
Oftedal et al. 2009 Oslo Birth Cohort — 0.93 [0.86;1.00]
Kramer et al. 2009 GIMI, LISA: Wesel 1.19 [0.85; 1.67]
Gehring et al. 2010 PIAMA T 1.16 [0.96; 1.40]
Carlsten etal. 2011 Vancouver High Risk Asthma Infants * 176 [0.86; 3.57]
Ranzi etal. 2014 GASPII 1.07 [0.76; 1.52]
Gehring et al. 2015 ESCAPE —_— 113 [1.02; 1.25]
Lavigne et al. 2018 BORM Ontario % 1.05 [1.04; 1.07]
Lavigne etal 2019 BORM Toronto + 1.01 [0.89;1.03]
Random effects model T 1.06 [0.98;1.14]

Heterogeneity: I~ = 71%, © = 0.0046, p =< 0.01

No

Jerrett et al. 2008 CHS —_— 124 [1.06; 1.46]
Tétreault et al. 2016 Quebec Birth Cohort * 1.04 [1.02;1.05]
Shihietal. 2016 BC 99/02 Birth Cohort = 0.95 [0.89; 1.01]
Random effects model e R 1.05 [0.76;1.45]

Heterogeneity: I° = 85%, ©° = 0.0128, p = 0.01

T T 1
07 1 15 2
Relative Rizk per 10 |.|gs'm:I
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NO;— Asthma onset — Children
Sensitivity analysis — reverse selection

NO, - Incidence of asthma - Children (<18 years)

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
Clougherty et al. 2007 EBNHC Annual average for the year of diagnosis -: 128 [0.96;1.70] 24%
Jerrett et al. 2008 CHS Annual average : 124 [1.06;146] 59%
Kramer et al. 2009 GINI, LISA: Wesel Annual average at birth 1.19 [0.85; 1.67] 1.8%
Oftedal et al. 2009 Oslo Birth Cohort Cumulative average —&T. 090 [081,1.01] 94%
Gehring et al. 2010 PIAMA Annual average at birth -—'— 1.16 [0.96; 1.40] 4 7%
Carlsten et al. 2011 Vancouver High Risk Asthma Infants Annual average at birth i 1.76 [0.86; 3.57] 04%
Ranzi et al. 2014 GASPI Cumulative average + 1.09 [0.78;1.52] 1.8%
Gehring et al. 2015 ESCAPE Annual average current year —"— 1.03 [0.89;1.20] 6.4%
Sbihi et al. 2016 BC 99/02 Birth Cohort Entire pregnancy P 095 [0.89, 101 140%
Tétreault et al. 2016 Quebec Birth Cohort Cumulative average = 104 [1.02;1.05] 179%
Lavigne et al. 2018 BORN Ontario Cumulative average 2 1.00 [0.99;1.01] 179%
Lavigne et al. 2019 BORN Toronto Cumulative average + 1.01 [098;1.03] 17.3%
Random effects model <]L> 1.03 [0.97; 1.09] 100.0%
FPrediction interval | [0.89; 1.18]

07 1 1.5 2
Relative Risk per 10 pgfm3

Heterogeneity: /2 = 73%, t° = 0.0032, p < 0.01

Recent years > cumulative average > first year of life > at birth > pregnancy

18
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NOx— Asthma onset - Children
Primary meta-analysis

NOy - Incidence of asthma - Children (<18 years)

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
McConnell et al. 2010 CHS Annual average recent year — 194 [144; 262] 300%
Gruzieva et al. 2013 BAMSE Average first year ; 1.08 [0.91; 1.30] 337%
Pennington et al. 2018 KAPPA Entire pregnancy - 1.00 [1.00; 1.01] 363%

25 [0.52; 3.01] 100.0%

Random effects model
[0.01; 171.57]

Prediction interval
Heterogeneity- /2 = 90%. t> = 0.1085, p < 0.01

05 1 2 25
Relative Risk per 20 ugfrnz‘
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EC — Asthma onset - Children
Primary meta-analysis

EC - Incidence of asthma - Children (<18 years)

Study Study Name Pollutant Exposure window Relative Risk RR 95%-Cl Weight
Kramer et al. 2009 GINI, LISA: Wesel PM2.5 abs Annual average at birth 1.31 [0.78; 2.20] 6.7%
Gehring et al. 2010 PIAMA PM2.5 abs Annual average at birth : 128 [0.93;1.77] 142%
Carlsten et al. 2011 Vancouver High Risk Asthma Infants BC Annual average at birth 107 [0.76;149] 134%
Gehring et al. 2015 ESCAPE PM2.5 abs Annual average at birth = 126 [1.00;159 213%
Sbihi et al 2016 BC 99/02 Birth Cohort BC Entire pregnancy e . 099 [095,1.03] 445%
Random effects model Jl-:}v 1.11 [0.94; 1.31] 100.0%
Prediction interval | [0.75; 1.65]

0.7 1 15 2
Relative Risk per 1 ugfm3

Heterogeneity: 12 = 47%, t> = 0.0119, p = 0.11

20



EC — Asthma onset — Children

Chapter 9 Additional Materials

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain — low

vs high

Refid Study

Study Name
Low
Kramer et al. 2009 GIMNI, LISA: Wesel
Gehring et al. 2010 PIAMA
Carlsten et al. 2011 Vancouver High Risk Asthma Infants
Gehring et al. 2015 ESCAFE

Random effects model
Heterogeneity: 1= 0%, t° = 0, p = 0.83

High

Sbihi et al. 2016 BC 99/02 Birth Cohort

21

Relative Risk

T T
1 1.5
Relative Risk per 1 pg/m™

RR

131
1.28
1.07
1.26
1.22

0.99

95%-Cl

[0.78; 2.20]
[0.93; 1.77]
[0.76; 1.49]
[1.00; 1.59]
[1.07; 1.40]

[0.95; 1.03]



EC — Asthma onset — Children
Subgroup analysis — region

Study Study Name Relative Risk

North America
Carlsten etal. 2011 Vancouver High Risk Asthma Infants T
Sbihi et al. 2016 BC 99/02 Birth Cohort 55

Western Europe

Kramer et al. 2009 GINI, LISA: Wesel

Gehring et al. 2010 PIAMA

Gehring et al. 2015 ESCAPE

Random effects model <

Heterogeneity: ."2 = 0%, r2 =0,p=0299

ri 1
0.7 1 1.5
Relative Risk per 1 pg/m™

Subgroup analysis — traffic specificity
All studies rated high traffic specificity

22

RR

1.07
0.99

1.31
1.28
1.26
1.27

95%-Cl

[0.76; 1.49]
[0.95; 1.03]

[0.73; 2.20]
[0.93; 1.77]
[1.00; 1.59]
[1.22;1.33]
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EC — Asthma onset — Children
Subgroup analysis — smoking adjustment

Study Study Name

Yes

Kramer et al. 2009 GINI, LISA: Wesel

Gehring et al. 2010 PlAMA

Carlsten et al. 2011 Vancouver High Risk Asthma Infants
Gehring et al. 2015 ESCAPE

Random effects model
Heterogeneity: .fz = 0%, 1-2 =0,p=083

No
Sbihi etal. 2016 BC 99/02 Birth Cohort

23

Relative Risk

07

1 1
1 15
Relative Risk per 1 pg/m™

RR

131
1.28
1.07
1.26
1.22

0.99

95%-Cl

[0.78; 2.20]
[0.93; 1.77]
[0.76; 1.49]
[1.00; 1.59]
[1.07; 1.40]

[0.95; 1.03]
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PM; s — Asthma onset - Children
Primary meta-analysis

PM, 5 - Incidence of Asthma - Children (<18 years)

[0.62; 2.86]

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
Gehring, 2010 PIAMA Annual average at birth -—f—'— 143 [096; 215] 176%
Carlsten, 2011 Vancouver High Risk Asthma Infants Annual average at birth : 397 [1.38;11.48] 4.3%
Gehring, 2015 ESCAPE Annual average at birth T = 125 [094; 166] 241%
Sbihi, 2016 BC 99/02 Birth Cohort Entire pregnancy — 1.03 [0.89; 1.21] 324%
Lee, 2018a ACCESS Entire pregnancy —_— 159 [1.14; 220] 216%
Random effects model —_—— 1.33 [0.90; 1.98] 100.0%
T

Prediction interval

L
Heterogeneity: /° = 67%, ©° = 0.0377, p = 0.02 Eod

08 1 125 4
Relative Risk per 5 ugfm3
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PM3.s— Asthma onset — Children

Chapter 9 Additional Materials

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain — low

vs high

Study

Low

Gehring, 2010
Carlsten, 2011
Gehring, 2015
Random effects model

Heterogeneity: = 4%,

High
Sbihi, 2016
Lee, 20182

Study Name Relative Risk
PIAMA T
Wancouver High Risk Asthma Infants
ESCAPE -
e
T =<00001,p=012

BC 99/02 Birth Cohort -

ACCESS | —==——
|
I T T
0.8 1 125
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RR

1.43
3497
125
1.38

1.02
159

95%-Cl

[0.98; 2.15]
11.38; 11.48]
[0.94; 1.66]
[0.66; 2.87]

[0.89; 1.21]
[1.14; 2.20]
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PM; 5— Asthma onset — Children
Sensitivity analysis — risk of bias missing data domain — low/moderate vs high

Study Study Name Relative Risk RR 95%-Cl

Low/Moderate

Gehring, 2010 PIAMA +— 143 [0.95; 2.15]

Carlsten, 2011 “ancouver High Risk Asthma Infants 3.97 [1.38;11.48]

Gehring, 2015 ESCAPE -— 1.25 [0.94; 1.56]

Sbihi, 2016 BC 99/02 Birth Cohort — 1.03 [0.89; 1.21]

Random effects model {I?— 1.26 [0.73; 2.17]

Heterogeneity: /° = 65%, © = 0.0334, p = 0.04

High

Lee, 2018a ACCESS . 159 [1.14; 2.20]
I T 1

08 1 125 4
Relative Rigk per & |.|g.n'm:I
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PM; 5— Asthma onset — Children
Subgroup analysis — region

Study Study Name Relative Risk RR 95%-Cl
North America

Carlsten, 2011 Vancouver High Risk Asthma Infants 3.97 [1.38;11.48]
Shihi, 2016 BC 99/02 Birth Cohort e 1.03 [0.89; 1.21]
Lee, 2018a ACCESS —_— 1.59 [1.14; 2.20]
Random effects model —SE—f636,6.93]
Heterogeneity: /° = 81%, © = 0.2262, p = 0.01

Western Europe

Gehring, 2010 PlAMA s 1.43 [0.96; 2.15]
Gehring, 2015 ESCAPE T 1.25 [0.94; 1.66]

Subgroup analysis — traffic specificity

All rated as moderate

27
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PM; 5— Asthma onset — Children
Subgroup analysis — smoking adjustment

Study Study Name Relative Risk RR 95%-Cl
Yes

Carlsten, 2011 Vancouver High Risk Asthma Infants —* 397 [1.38;11.48]
Lee, 2018a ACCESS 159 [1.14; 2.20]
Gehring, 2010 PIAMA 1.43 [0.96; 2.15]
Gehring, 2015 ESCAPE 1.25 [0.94; 1.66]
Random effects model et 44 [0.98; 2.12]

Heterogeneity: /° = 38%, © = < 0.0001, p = 0.19

No
Shihi, 2016 BC 99/02 Birth Cohoart — 1.03 [0.89; 1.21]

I I 1 1
g9 1 13 2
Relative Rigk per 5 ugs’m]
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Distance measures — Asthma onset — Adults

Distance measures - Incidence of asthma - Adults

Reference Study Name Categories RR 95% CI
Modig et al. 2009 RHINE Sweden - <B0vs. =50 m 388 [193,782]
Andersen etal 2012 DDCH B =100 vs. =100 m 098 [0.81,1.19
Fisher et al. 2016 Nurses' Health L <50 vs. =200 m 113 [0.93,1.38]
Fisher et al. 2016 Nurses' Health L 50-199vs.=200m 090 [0.77,1.07]
Bowatte et al 2018  TAHS N <200 vs. =200 m 160 [0.71,3.60]

T T I T T T

0 1 2 4 5

3
Relative Risk
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Distance measures — Asthma onset — Children

Distance measures - Incidence of asthma - Children (<18 years)

Reference Study Name Categories RR  95% CI
Shima, 2003 Chiba Caohort = =50 m vs. rural areas 403 [0.90,17.96]
Shima, 2003 Chiba Cohort - =50 mvs. rural areas 377 [1.00,1416]
Shima, 2003 Chiba Caohort . =50 m vs. rural areas 1.99 [0.79, 4.99]
Shima, 2003 Chiba Cohort . =50 m vs. rural areas 1.74 [063, 481]
Kramer, 2009 GINI, LISA: Wesel L] <50 vs. =50 m 086 [066, 1.14]
Oftedal, 2009  Oslo Birth Cohort L1} per 541m 0.99 [0.90, 1.08]
Clark, 2010 BC 99/00 Birth Cohort L <50 m to major road or <150 m to highway vs. higher 097 [082, 1.15]
Ranzi, 2014 GASPI = =86.1vs. =86.1m 069 [040, 1.20]
Shihi, 2016 BC 99/02 Birth Cohort L] =50 m to major road or <150 m to highway vs. higher 1.06 [0.92, 1.21]
Lee, 2018b CHEER - =75 mvs. =75 m and no bronchiolitis 1.88 [0.67, 5.29]
Lee, 2018b CHEER . =75 mand bronchiolitis vs. <75 m and no bronchiolitis  3.62 [1.07, 12.26]
Lee, 2018b CHEER ) bronchiolitis only vs. =75 m and no bronchiolitis 1.93 [1.01, 3.39]

T T T T T T

0 1 2 3 4 5

Relative Risk

Shima et al. 2003 estimates were stratified by sex.
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Density measures — Asthma onset — Adults

Chapter 9 Additional Materials

Density measures - Incidence of asthma - Adults

Reference Study Name Per Increment/Categories RR 95% CI

Modig et al. 2006 Lulea Adults' Asthma Incidence = high traffic flow vs. low traffic flow 150 [0.90, 2.50]
Andersen et al. 2012 DDCH 10000 vehicle-km/day 099 [0.79 1.14]
Jacquemin etal 2015 ESCAPE 4000 vehicle-km/day 110 [0.93,1.30]

0.7

2
Relative Risk
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Density measures — Asthma onset — Children

Chapter 9 Additional Materials

Density measures - Incidence of asthma - Children (<18 years)

Reference Study Name Per Increment/Categories RR 95% ClI

Zmirou et al. 2004 VESTA =30 vs. <11.2 vehicles/day/m 228 [1.14,456]
Zmirou et al. 2004 VESTA 11.2-28 8vs. <112 vehicles/day/m 148 [0.73, 3.02]
Lindgren et al. 2013  Scania Birth Cohort 05/11 B <8640 vs. =8640 vehicles/day 0.70 [060,0.90]

07

2
Relative Risk
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9.2 Prevalence of asthma ever

Meta-analysis overview — Children (<18).

e

P

—
. 1
:

Relative Risk (95% Confidence Interval)

Number of studies in meta-analyses
21 6 3 3 5 3

NO, NO, coO EC PM.o PM,

Footnote: The following increments were used: 10 pg/m3 for NO,, 20 pg/m? for NOy, 1 mg/ m3for CO, 1 ug/m?3 for EC, 10 pug/m?3 for PM and 5 pg/m? for
PM, 5. Effect estimates cannot be directly compared across the different traffic—related pollutants because the selected increments do not necessarily
represent the same contrast in exposure.
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NO; - Prevalence of asthma ever - children

Primary meta-analysis

Study

Hirsch et al. 1999
Kramer et al. 2000
Janssen et al. 2003
Morgenstern et al. 2008
Rosenlund et al. 2009
Sahsuvaroglu et al. 2009

Pénard-Morand et al. 2010

Svendsen et al. 2012
Liuetal 2013
Pedersen et al. 2013
Abidin et al. 2014
Dellet al 2014
Liuetal 2014

Ranzi et al. 2014
Malter et al. 2015
Wood et al. 2015
Deng et al 2016
Liuetal. 2016
QOudin et al. 2017
Knibbs et al. 2018
Puklova et al. 2019

Random effects model
Prediction interval

NQO, - Prevalence of asthma ever - Children (<18 years)

Study Name

ISAAC Dresden

Dusseldorf School Survey
ISAAC Southwestern Netherlands

GIMI, LISA. Munich
ISAAC Rome
ISAAC Hamilton
French Six Cities

El Paso Children's Health

SNEC Kindergarten
EDEN
ISAAC Malaysia
T-CHEQ
SNEC
GASPI
ESCAPE
ISAAC East London
CCHH Changsha
CCHH Shanghai
SIMSAM Medication
ACHAPS

Czech Respiratory Cohort

Heterogeneity: /> = 5%, <> = 0.0091, p < 0.01

Study Design

Cross sectional
Cross sectional
Cross sectional
Cohort
Cross sectional
Cross sectional
Cross sectional
Cross sectional
Cross sectional
Cohort
Cross sectional
Case-control
Cross sectional
Cohort
Cohort
Cross sectional
Cross sectional
Cross sectional
Cohort
Cross sectional
Cross sectional

Exposure window

Annual mean
Annual average current year
Annual average current year

Annual average at current address
Exposure in 2000-2001 (recent year)

Cumulative average
Annual average current year
Average recent
Three year average at baseline
Entire pregnancy
Annual average current year
Average first year
Three year average at baseline
Annual average at birth
Cumulative average
Annual average current year
Entire pregnancy
Entire pregnancy
Baseline year average
Previous year annual average
Five year average at baseline

34

Relative Risk

—_—

I C—
fr———————=2 12
—

Chapter 9 Additional Materials

RR

1.16
0.90
1.21
1.06
0.85

1.05
1.00
1.16
0.78

— = {50

1.09
125
1.03
1.10
0.74
142
1.08
1.06
1.40
0.87

1.09

06 075 1 15
Relative Risk per 10 |,Jgfm3

95%-Cl Weight

0.94;1.43]
0.52; 1.56]
0.85;1.71]
0.60; 1.88]
0.69; 1.06]
1.00; 4.48]

92 120]

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

0.
0.
0.
0.
0.
0.
1
0?1 149]
0.
0.
1
0.
1
1.
0.

5.6%
1.3%
2.8%
1.2%
53%
0.7%
8.2%
7.4%
6.7%
22%
1.3%
6.5%
10.4%
2.5%
3.4%
1.7%
52%
6.6%
11.7%
4.3%
51%

[1.01; 1.18] 100.0%

[0.88; 1.35]



NO; — Prevalence of asthma ever — Children
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Funnel plot
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Footnote: The vertical lines in the funnel plots represent the pooled fixed and random effect estimates. The vertical dashed line in the middle of the funnel
shows the fixed effect estimate. As the Panel applied a random—effects model, the funnel plot also presents the random—effects estimate with the dotted

line.
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NO; — Prevalence of asthma ever — Children

Chapter 9 Additional Materials

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain —

low/moderate vs high

Study Study Name Relative Risk RR 95%-Cl
Low/Moderate
Hirsch et al. 1989 ISAAC Dresden - 1.16 [0.94; 1.43]
Kramer et al. 2000 Diasseldarf School Survey - 0.90 [0.52; 1.56]
Janssen et al. 2003 ISAAC Southwestern Metherlands — 1.21 [0.85;1.71]
Morgenstern et al. 2008 GIMI, LISA Munich 1.06 [0.60;1.88]
Rosenlund et al. 2008 ISAAC Rome —_— 0.85 [0.69;1.06]
Pénard-Morand et al. 2010 French Six Cities —_—TE— 1.05 [0.92;1.20]
Svendsen et al. 2012 El Paso Children's Health —_— 1.00 [0.86;1.17]
Liu et al. 2013 SMEC Kindergarten T—F 1.16 [0.98;1.38]
Pedersen et al. 2013 EDEMN o S 0.78 [0.52; 1.16]
Abidin et al. 2014 ISAAC Malaysia 1.50 [0.87;2.58]
Dell etal. 2014 T-CHEQ N 1.09 [0.92;1.30]
Liu et al. 2014 SMNEC —E— 1.25 [1.15;1.35]
Ranzi et al. 2014 GASPI 1.03 [0.71;1.49]
Malter et al. 2015 ESCAPE _—1T 1.10 [0.81;1.49]
Wood etal 2015 ISAAC East London — 0.74 [0.46;1.17]
Liu et al. 2016 CCHH Shanghai s 1.08 [0.91;1.29]
Cudin et al. 2017 SIMSAM Medication = 1.06 [1.02;1.11]
Knibbs etal. 2018 ACHAPS _— 1.40 [1.08;1.81]
Random effects model <= 1.09 [1.02;1.16]
Heterogeneity: /° = 47%, ° = 0.0054, p = 0.02
High
Sahsuvaroglu et al. 2009 ISAAC Hamilton [ 212 [1.00; 4.48]
Deng et al. 2016 CCHH Changsha — s 142 [1.14;1.77]
Puklova et al. 2019 Czech Respiratory Cohort —mm 0.87 [0.70;1.09]
Random effects model L B e R R
Heterogeneity: /” = 83%, T = 0.1238, p < 0.01 | : ! : ,

0.6 0.75 1 1.5 2

36

Relative Risk per 10 |.|g.n’n'|:I



Chapter 9 Additional Materials

NO; — Prevalence of asthma ever — Children
Sensitivity analysis — risk of bias selection bias domain — low/moderate vs high

Study Study Name Relative Risk RR 95%-Cl
Low/Moderate

Hirsch et al. 1999 ISAAC Dresden - 116 [0.94; 1.43]
Kramer et al. 2000 Disseldorf School Survey b 0.90 [0.52; 1.56]
Janssenetal 2003 ISAAC Southwestern Metherlands —_— 1.21 [0.85; 1.71]
Morgenstern et al. 2008 GIMI, LISA: Munich 1.06 [0.60; 1.88]
Rosenlund et al. 2009 ISAAC Rome _— 0.85 [0.69; 1.06]
Sahsuvaroglu et al. 2009 ISAAC Hamilton = 212 [1.00; 4.48]
Pénard-Morand et al. 2010 French Six Cities I 1.05 [0.92; 1.20]
Svendsen et al. 2012 El Paso Children’s Health _— 1.00 [0.86; 1.17]
Liu et al. 2013 SMEC Kindergarten T— 116 [0.98; 1.38]
Pedersen et al. 2013 EDEN ———r 0.78 [0.52 1.16]
Abidin et al. 2014 ISAAC Malaysia 150 [0.87, 2.58]
Dell et al. 2014 T-CHEQ I 1.09 [0.92; 1.30]
Liu et al. 2014 SNEC — 125 [1.15; 1.35]
Ranzi etal. 2014 GASPI 1.03 [0.71; 1.49]
Mdlter et al. 2015 ESCAPE e T S 110 [0.81; 1.49]
Liu et al. 2016 CCHH Shanghai -1 1.08 [0.91; 1.29]
Oudin et al. 2017 SIMSAM Medication - 1.06 [1.0Z 1.11]
Knibbs etal. 2018 ACHAPS _— 140 [1.08; 1.81]
Puklova et al. 2019 Czech Respiratory Cohort —_— 0.87 [0.70; 1.09]
Random effects model <= 1.09 [1.01; 1.16]
Heterogeneity: /= 50%, t° = 0.0064, p = 0.01

High

Wood et al. 2015 ISAAC East London — 074 [0.48; 1.17]
Deng et al. 2016 CCHH Changsha _— 142 [1.14; 1.77]

|
f T T T
0.6 0.75 1 15 2

Relative Risk per 10 ug.fm:'
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NO; — Prevalence of asthma ever — Children

Sensitivity analysis — risk of bias outcome measurement domain — low/moderate vs high

Study

Low/Moderate

Hirsch et al. 1999
Kramer et al. 2000
Janssen etal. 2003
Morgenstern et al. 2008
Rosenlund et al. 2009
Sahsuvaroglu et al. 2009
Pénard-Merand et al. 2010
Svendsen et al. 2012
Liu et al. 2013
Pedersen et al. 2013
Abidin et al. 2014

Dell et al. 2014

Liu et al. 2014

Ranzi etal. 2014
Mdlter et al. 2015

Deng et al. 2016

Liu et al. 2016

Qudin et al. 2017
Knibbs etal. 2018
Puklova et al. 2019
Random effects model

Study Name

ISAAC Dresden

Disseldorf School Survey
ISAAC Southwestern Metherlands

GIMI, LISA: Munich

ISAAC Rome
ISAAC Hamilton
French Six Cities

El Paso Children’s Health

SMEC Kindergarte
EDEN
ISAAC Malaysia
T-CHEQ
SNEC
GASPI
ESCAPE
CCHH Changsha
CCHH Shanghai

n

SIMSAM Medication

ACHAPS

Czech Respiratory Cohart

Heterogeneity: I = 54%, © = 0.0085, p < 0.01

High
Wood et al. 2015

ISAAC East London
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RR

1.16
0.80
1.21
1.06
0.85
212
1.05
1.00
1.16
078
1.50
1.09
1.25
1.03
1.10
1.42
1.08
1.06
1.40
0.87
1.10

074

95%-Cl

[0.94; 1.43]
[0.52; 1.56]
[0.85; 1.71]
[0.60; 1.88]
[0.69; 1.06]
[1.00; 4.48]
[0.92; 1.20]
[0.86; 1.17]
[0.98; 1.38]
[0.52; 1.16]
[0.87; 2.58]
[0.92; 1.30]
[1.15; 1.35]
[0.71; 1.49]
[0.81; 1.49]
[1.14; 1.77]
[0.91; 1.29]
[1.02; 1.11]
[1.08; 1.81]
[0.70; 1.09]
[1.02:1.18]

[0.46; 1.17]
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NO; — Prevalence of asthma ever — Children
Subgroup analysis — region

Study Study Name Relative Risk RR 95%-Cl
North America
Szhsuvaroglu et al. 2009 ISAAC Hamilton 2.12 [1.00; 4.48]
Svendsen et al. 2012 El Paso Children's Health — 1.00 [0.86; 1.17]
Dell et al. 2014 T-CHEQ <—|:—'—> 1.09 0.92; 1.30]
Random effects model 1.06 [0.74; 1.50]
Heterogeneity: /° = 49%, 7'=<0.0001, p = 0.14
Western Europe
Hirsch et al. 1999 ISAAC Dresden - 1.16 [0.94; 1.43]
Kramer et al. 2000 Disseldorf School Survey 0.90 [0.52; 1.56]
Janssen et al. 2003 ISAAC Southwestern Netherlands —_— 1.21 [0.85; 1.71]
Morgenstern et al. 2008 GINI, LISA: Munich 1.06 [0.60; 1.88]
Rosenlund et al. 2009 ISAAC Rome —_—r 0.85 [0.69; 1.06]
Pénard-Morand et al. 2010 French Six Cities -1 1.05 [0.92; 1.20]
Pedersen et al. 2013 EDEM — 1 0.78 [0.52; 1.16]
Ranzi et al. 2014 GASPI — 1.03 [0.71; 1.49]
Malter et al. 2015 ESCAPE e e a—— 1.10 [0.81; 1.49]
Wood et al. 2015 ISAAC East London —_— 0.74 [0.46; 1.17]
Oudin et al. 2017 SIMSAM Medication - 1.06 [1.02; 1.11]
Random effects model 1.05 [1.01; 1.10]
Heterageneity: = 1%, = 0,p=043
Asia
Liu et al. 2013 SNEC Kindergarten T 1.16 [0.98; 1.38]
Abidin et al. 2014 ISAAC Malaysia — T+ 1.50 [0.87; 2.58]
Liu et al. 2014 SNEC - 1.25 [1.15; 1.35]
Deng et al. 2016 CCHH Changsha _—t 1.42 [1.14; 1.77]
Liu et al. 2016 CCHH Shanghai -1 1.08 [0.91; 1.29]
Random effects model == 1.23 [1.11; 1.36]
Heterogeneity: /°= 17%, 7' = 0.0004, p = 0.31
Australia/New Zealand
Knibbs et al. 2018 ACHAPS — 140 .08 181]
Eastern Europe
Puklova et al. 2019 Czech Respiratory Cohort —_— 087 1070-109
f T 1 T 1
06 075 1 15 2

Relative Risk per 10 |.Jg.l’m3
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NO; — Prevalence of asthma ever — Children
Subgroup analysis — year of publication

Study

Before 2008

Hirsch et al. 1999
Kramer etal. 2000
Janssenetal 2003
Morgenstern et al. 2008
Random effects model

Study Name

ISAAC Dresden
Dusseldorf School Survey
ISAAC Southwestern Netherlands
GIMI, LISA: Munich

Heterogeneity. /° = 0%, = = 0, p = 0.83

After 2008

Rosenlund et al. 2009
Sahsuvaroglu et al. 2009
Pénard-Morand et al. 2010
Svendsen et al. 2012

Liu et al. 2013

Pedersen et al. 2013
Dell etal. 2014

Ranzi etal. 2014

Liu et al. 2014

Abidin et al. 2014

Mdlter et al. 2015

Wood et al. 2015

Deng et al. 2016

Liu et al. 2016

Qudin et al. 2017
Knibbs et al. 2018
Puklova et al. 2019
Random effects model

ISAAC Rome
ISAAC Hamilton
French Six Cities

El Paso Children's Health
SMEC Kindergarten
EDEM
T-CHEQ
GASPI
SNEC
ISAAC Malaysia
ESCAPE
ISAAC East London
CCHH Changsha
CCHH Shanghai
SIMSAM Medication
ACHAPS
Czech Respiratory Cohort

Heterogeneity. I° = 53%, T = 0.0118, p <0.01
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RR

1.16
0.80
121
1.06
1.14

0.85
212
1.05
1.00
1.16
0.78
1.09
1.03
1.25
1.50
1.10
0.74
1.42
1.08
1.06
1.40
0.87
1.09
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95%-Cl

[0.94; 1.43]
[0.52; 1.56]
[0.85; 1.71]
[0.60; 1.88]
[0.99: 1.31]

[0.69; 1.06]
[1.00; 4.48]
[0.92; 1.20]
[0.86; 1.17]
[0.98; 1.38]
[0.52; 1.16]
[0.92; 1.30]
[0.71; 1.49]
[1.15; 1.35]
[0.87; 2.58]
[0.84; 1.49]
[0.46; 1.17]
[1.14; 1.77]
[0.91; 1.29]
[1.02; 1.11]
[1.08; 1.81]
[0.70; 1.09]
[0.99: 1.19]
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NO; — Prevalence of asthma ever — Children
Subgroup analysis — traffic specificity

Study Study Name Relative Risk RR 95%.C|
High
Morgenstern et al. 2008 GINI, LISA: Munich 1.06 [0.60;1.88]
Rosenlund et al. 2009 ISAAC Rome —_— 0.85 [0.69;1.06]
Sahsuvaroglu et al. 2009 ISAAC Hamilton [———————= 212 [1.00;4.48]
Pénard-Morand et al. 2010 French Six Cities -1 1.05 [0.92;1.20]
Svendsen et al. 2012 El Paso Children's Health i 1.00 [0.86;1.17]
Pedersen et al. 2013 EDEN — 0.78 [0.52;1.16]
Dell et al. 2014 T-CHEQ 1= 1.09 [0.92;1.30]
Ranzi etal. 2014 GASPI 1.03 [0.71;1.49]
Mdlter et al. 2015 ESCAPE _— 1.10 [0.81;1.49]
Wood et al. 2015 ISAAC East London e 074 [0.46;1.17]
Oudin et al. 2017 SIMSAM Medication = 1.06 [1.02;1.11]
Knibbs etal. 2018 ACHAPS _— 140 [1.08;1.81]
Puklova et al. 2019 Czech Respiratory Cohort _— 0.87 [0.70;1.09]
Random effects model poe 1.04 [0.98;1.11]
Heterogeneity: /= 39%, © = 0.0006, p = 0.07
Moderate
Hirsch et al. 1999 ISAAC Dresden - 1.16 [0.94;1.43]
Kramer et al. 2000 Disseldorf School Survey - 0.90 [0.52;1.56]
Janssenetal 2003 1SAAC Southwestern Metherlands O s — 1.21 [0.85;1.71]
Liu et al. 2013 SMEC Kindergarten T 1.16 [0.98; 1.38]
Liu et al. 2014 SNEC - 1.25 [1.15; 1.35]
Abidin et al. 2014 ISAAC Malaysia *» 1.50 [0.87, 2.58]
Deng et al. 2016 CCHH Changsha _— 142 [1.14;1.77]
Liu et al. 2016 CCHH Shanghai 1= 1.08 [0.91;1.29]
Random effects model = 1.22 [1.14;1.30]
Heterageneity: I°= 0%, v = 0, p = 0.51 : ; : |

06 075 1 15 2
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NO; — Prevalence of asthma ever — Children
Subgroup analysis — smoking adjustment

Study

Yes

Hirsch et al. 1999
Janssenetal 2003
Morgenstern et al. 2008
Rosenlund et al. 2009
Sahsuvaroglu et al. 2009
Pénard-Morand et al. 2010
Svendsen et al. 2012
Liu et al. 2013
Pedersen et al. 2013
Dell et al. 2014

Ranzi et al. 2014

Liu et al. 2014

Abidin et al. 2014
Mdlter et al. 2015

Wood et al. 2015

Deng et al. 2016

Liu et al. 2016

Qudin et al. 2017
Random effects model

Study Name

ISAAC Dresden

GIMI, LISA: Munich
ISAAC Rome
ISAAC Hamilton
French Six Cities

El Paso Children’s Health

SMEC Kindergarten
EDEN
T-CHEQ
GASPI
SNEC
ISAAC Malaysia
ESCAPE
ISAAC East London
CCHH Changsha
CCHH Shanghai
SIMSAM Medication

Heterogeneity: /= 53%, © = 0.0085, p < 0.01

No

Kramer et al. 2000
Knibbs et al. 2018
Puklova et al. 2019
Random effects model

Disseldorf School Survey

ACHAPS

Czech Respiratory Cohort

Heterogeneity, I° = 74%, © = 0.0589, p = 0.02
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ISAAC Southwestern Netherlands

Relative Risk

1|'|‘| U

'| o*iw

—

RR

1.16
121
1.06
0.85
212
1.05
1.00
1.16
0.78
1.09
1.03
1.25
1.50
1.10
0.74
1.42
1.08
1.06
1.10

0.90
1.40
0.87

—

I
0.6

075 1 15 2
Relative Risk per 10 pg/m™

1.05

95%-Cl

[0.94; 1.43]
[0.85; 1.71]
[0.60; 1.88]
[0.69; 1.08]
[1.00; 4.48]
[0.92; 1.20]
[0.86; 1.17]
[0.98; 1.38]
[0.52; 1.16]
[0.92; 1.30]
[0.74; 1.49]
[1.15; 1.35]
[0.87; 2.58]
[0.8; 1.49]
[0.46; 1.17]
[1.14; 1.77]
[0.91; 1.29]
[1.02; 1.11]
[1.02;1.18]

[0.52; 1.56]
[1.08; 1.81]
[0.70; 1.09]
[0.53: 2.08]
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NO; — Prevalence of asthma ever — Children
Sensitivity analysis — reverse selection

Study

Hirsch et al. 1999
Kramer et al. 2000
Janssen et al. 2003
Morgenstern et al. 2008
Rosenlund et al. 2009
Sahsuvaroglu et al. 2009
Pénard-Morand et al 2010
Svendsen et al. 2012
Liuetal 2013
Pedersen et al. 2013
Abidin et al. 2014

Dell et al. 2014
Liuetal 2014

Ranzi et al. 2014
Molter et al. 2015
Wood et al. 2015

Deng et al. 2016
Liuetal 2016

Qudin et al. 2017
Knibbs et al 2018
Puklova et al. 2019

Random effects model
Prediction interval

NQ, - Prevalence of asthma ever - Children (<18 years)

Study Name

ISAAC Dresden
Dusseldorf School Survey

ISAAC Southwestern Metherlands

GINI, LISA: Munich
ISAAC Rome
ISAAC Hamilton
French Six Cities
El Paso Children's Health
SNEC Kindergarten
EDEN
ISAAC Malaysia
T-CHEQ
SNEC
GASPI
ESCAPE
ISAAC East London
CCHH Changsha
CCHH Shanghai
SIMSAM Medication
ACHAPS
Czech Respiratory Cohort

Heterogeneity. I = 55%, 1 = 0.0092, p < 0.04

Exposure window

Annual mean
Annual average current year
Annual average current year

Annual average at current address
Exposure in 2000-2001 (recent year)

Cumulative average
Annual average current year
Average recent
Three year average at baseline
Entire pregnancy
Annual average current year
Annual average current year
Three year average at baseline
Cumulative average
Cumulative average
Annual average current year
Cumulative average
Cumulative average
Baseline year average
Previous year annual average
Five year average at baseline

Recent years > cumulative average > first year of life > at birth > pregnancy
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Relative Risk
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95%-Cl Weight

43 56%
1.3%
2.8%
1.2%
54%
0.7%
82%
7.9%
6.86%
2.3%
1.3%
5.8%

10.5%
2.4%
3.4%
1.8%
42%
7.6%

11.8%
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Chapter 9 Additional Materials
NO; — Prevalence of asthma ever — Children

Subgroup analysis — study design

Study Study Name Relative Risk RR 95%-Cl

Case-control

Dell et al. 2014 T-CHEQ =] 1.09 [0.92;1.30]
Cohort

Morgenstern et al. 2008 GINI, LISA: Munich 1.06 [0.60;1.88]
Pedersen et al. 2013 EDEN — 0.78 [0.52;1.16]
Ranzi et al. 2014 GASPI 1.03 [0.71;1.49]
Mdlter et al. 2015 ESCAPE — 1.10 [0.81;1.49]
Oudin et al. 2017 SIMSAM Medication 1.06 [1.02;1.11]

Random effects model
Heterogeneity: .fz = 0%, r2 =0, p =0.67

1.06 [1.01;1.11]

Cross sectional

M

Random effects model
Heterogeneity I° = 52%, T = 0.0158, p = 0.01

111 [1.00;1.24]

Hirsch et al. 1999 ISAAC Dresden k= 1.16 [0.94;1.43]
Kramer et al. 2000 Disseldorf School Survey - 0.90 [0.52;1.56]
Janssen et al. 2003 ISAAC Southwestern Metherlands — 121 [0.85;1.71]
Rosenlund et al. 2009 ISAAC Rome —_— 0.85 [0.69;1.06]
Sahsuvaroglu et al. 2009 ISAAC Hamilton 212 [1.00; 4.48]
Pénard-Morand et al. 2010 French Six Cities =] 1.05 [0.92;1.20]
Svendsen et al. 2012 El Paso Children's Health — 1.00 [0.86;1.17]
Liu et al. 2013 SMEC Kindergarten 1 1.16 [0.98; 1.38]
Liu et al. 2014 SNEC 1.25 [1.15; 1.35]
Abidin et al. 2014 ISAAC Malaysia *» 1.50 [0.87, 2.58]
Wood et al. 2015 ISAAC East London — 0.74 [0.46;1.17]
Deng et al. 2016 CCHH Changsha _— 142 [1.14;1.77]
Liu et al. 2016 CCHH Shanghai -1 1.08 [0.91;1.29]
Knibbs et al. 2018 ACHAPS _— 1.40 [1.08;1.81]
Puklova et al. 2019 Czech Respiratory Cohort _—1 0.87 [0.70;1.089]
=
I

06 075 15 2
Relative Risk per 10 pg/m™

-
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NO,— Prevalence of asthma ever
Primary meta-analysis

Study

Zhang et al. 2002
Hwang et al. 2005
McConnell et al. 2006

Pénard-Morand et al. 2010

Malter et al. 2015
Wood et al. 2015

Random effects model
Prediction interval

Heterogeneity: 2= 0%, 2= 0,p=083

- Children

NOy - Prevalence of asthma ever - Children (<18 years)

Study Name Exposure window Relative Risk
Chinese 4-City School Survey At baseline —':"—
ISAAC Taiwan Annual average previous year .
CHS Early life exposure -'-_-—
French Six Cities Annual average current year =
ESCAPE Cumulative average
ISAAC East London Annual average current year =
1
I T I
06 075 1

Relative Risk per 20 ugfm3
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RR

0.98
1.01
1.04
1.03
1.07
0.82

1.02

1:5

Chapter 9 Additional Materials

95%-Cl Weight
[087;1.12] 85%
[0.04;1.08] 302%
[097;:1.11] 29.0%
[0.96;1.10] 28.6%
[086;133] 29%
[055,1.23] 09%
[0.99: 1.05] 100.0%

[0.99: 1.06]



NOx — Prevalence of asthma ever — Children

Chapter 9 Additional Materials

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias selection bias domain —

low/moderate vs high

Study Study Name Relative Risk
Lowi/Moderate
Zhang et al. 2002 Chinese 4-City School Survey s —
Hwang et al. 2005 ISAAC Taiwan —
McConnell et al. 2006 CHS T
Pénard-Morand et al. 2010 French Six Cities -
Mélter et al. 2015 ESCAPE —
Random effects model
Heterogeneity: .fz = (0%, r2 =0,p=091
High
Wood et al. 2015 ISAAC East Londen
I T I 1
0.6 075 1 15
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Relative Risk per 20 ugs’m]

RR

0.9g
1.01
1.04
1.03
1.07
1.02

0.82

95%-Cl

[0.87;1.12]
[0.94; 1.08]
[0.97; 1.11]
[0.96; 1.10]
[0.86; 1.33]
[1.00; 1.05]

[0.55; 1.23]
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NOx — Prevalence of asthma ever — Children
Sensitivity analysis — risk of bias outcome measurement domain — moderate vs high

Study Study Name Relative Risk RR 95%.-Cl
Moderate

Zhang et al. 2002 Chinese 4-City School Survey s 098 [0.87,1.13]
Hwang et al. 2005 ISAAC Taiwan & 1.01 [0.94;1.08]
McConnell et al. 2006 CHS - = 1.04 [0.97;1.11]
Pénard-Morand et al. 2010 French Six Cities - 1.03 [0.96;1.10]
Mdlter et al. 2015 ESCAPE —_—1 1.07 [0.86;1.33]
Random effects model 1.02 [1.00;1.05]
Heterogeneity: .fz = 0%, r2 =0,p=09M

High

Wood et al. 2015 ISAAC East London 0.82 [0.55;1.23]

0.6 0.75 1 15
Relative Risk per 20 |.|g.n'n'|:I
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NOx — Prevalence of asthma ever — Children
Subgroup analysis — region

Study Study Name Relative Risk RR 95%-Cl
North America
McConnell et al. 2006 CHS 1.04 [0.97;1.11]

Western Europe

Pénard-Morand et al. 2010 French Six Cities _ 1.03 [0.96; 1.10]
Mélter et al. 2015 ESCAPE —_— 1.07 [0.86;1.33]
Wood et al. 2015 ISAAC East London 0.82 [0.55;1.23]
Random effects model =i 1.03 [0.91:1.16]

Heterogeneity: /° = 0%, © = = 0.0001, p = 0.51

Asia
Zhang et al. 2002 Chinese 4-City School Survey _— 098 [0.87;1.12]
Hwang et al. 2005 ISAAC Taiwan - 1.01 [0.94;,1.08]

0.6 0.75 1 15
Relative Risk per 20 pg/m”
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NOy — Prevalence of asthma ever — Children
Subgroup analysis — year of publication

Study Study Name Relative Risk RR 95%.-Cl
Before 2008

Zhang et al. 2002 Chinese 4-City School Survey —_— 098 [0.87,1.13]
Hwang et al. 2005 ISAAC Taiwan - 1.01 [0.94;1.08]
McConnell et al. 2006 CHS t 1.04 [0.97;1.11]
Random effects model 1.02 [0.96;1.08]

Heterogeneity: /*= 0%, =0, p =0.70

After 2008
Pénard-Morand et al. 2010 French Six Cities _— 1.03 [0.96; 1.10]
Mélter et al. 2015 ESCAPE —_— 1.07 [0.86;1.33]
Wood et al. 2015 ISAAC East London 0.82 [0.56;1.23]
Random effects model 1.03 [0.91:1.16]

Heterogeneity: /° = 0%, © = = 0.0001, p = 0.51

I 1 I 1
0.6 0.75 1 15
Relative Risk per 20 |.|g.n'n'|:I
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NOy — Prevalence of asthma ever — Children
Subgroup analysis — traffic specificity

Study

High
McConnell et al. 2006
Pénard-Morand et al. 2010
Malter et al. 2015

Wood et al. 2015

Random effects model

Heterogeneity: /° = 0%, ©° = = 0.0001, p = 0.70

Moderate
Zhang et al. 2002
Hwang et al. 2005

Study Name Relative Risk RR
CHS T 1.04
French Six Cities -T— 1.03
ESCAPE —_—t 1.07
ISAAC East London 0.82
- 1.03
Chinese 4-City School Survey . 0.98
ISAAC Taiwan = 1.01
l
I T T 1
0.6 0.75 1 1.5
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Relative Risk per 20 |.|g.n'n'|:I

95%-Cl

[0.97; 1.11]
[0.96; 1.10]
[0.86; 1.33]
[0.55; 1.23]
[0.98: 1.09]

[0.87;1.12]
[0.94; 1.08]
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NOy — Prevalence of asthma ever — Children
Subgroup analysis — smoking adjustment

Study Study Name Relative Risk RR 95%.-Cl
Yes

Zhang et al. 2002 Chinese 4-City School Survey —_— 098 [0.87,1.13]
Hwang et al. 2005 ISAAC Taiwan - 1.01 [0.94;1.08]
Pénard-Morand et al. 2010 French Six Cities = 1.03 [0.96;1.10]
Malter et al. 2015 ESCAPE -_—r 1.07 [0.86;1.33]
Wood et al. 2015 ISAAC East London 0.82 [0.55 1.23]
Random effects model 1.01 [0.97; 1.06]
Heterogeneity: .fz = 0%, r2 =0,p=078

No

McConnell et al. 2006 CHS = 1.04 [0.97;1.11]

0.6 0.75 1 15
Relative Risk per 20 |.|g.n'n'|:I
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EC — Prevalence of asthma ever — Children

Primary meta-analysis

EC - Prevalence of asthma ever - Children (<18 years)

Study Study Name Exposure window Pollutant Relative Risk RR 95%-Cl Weight
Janssen et al. 2003 ISAAC Southwestern Netherlands Annual average current year BS 1.35 [063; 291] 17.7%
Morgenstern et al. 2008 GINI, LISA: Munich Annual average at current address PM2.5 abs ¥ 7.55 [0.84; 60.30] 2.4%
Malter et al 2015 ESCAPE Cumulative average PM2.5 abs ——"'— 122 [085; 1.76] 799%

Random effects model <'> 1.30 [0.56; 3.04] 100.0%
Prediction interval [0.11; 15.97]
Heterogeneity: 1% = 30%, t° < 0.0001, p = 0.24 il | T |

07 1 15 3

Relative Risk per ‘Iug:frn3
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PM10— Prevalence of asthma ever — Children

Primary meta-analysis

Study

Péenard-Morand et al. 2010
Pedersen et al. 2013
Molter et al. 2015

Wood et al. 2015

Puklova et al. 2019

Random effects model
Prediction interval

Heterogeneity: = 58%, =

PM,, - Prevalence of asthma ever - Children (<18 years)

Study Name Exposure window Relative Risk
French Six Cities Annual average current year e
EDEN Entire pregnancy - A

ESCAPE Cumulative average —=T
ISAAC East London Annual average current year =
Czech Respiratory Cohort Five year average at baseline —EE[
_{I—_—_Fb_
0.0469, p = 0.01 I ! ! I
02 05 1 2

Relative Risk per 1Oug,‘rn3
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RR

1.27
0.38
0.88
0.48
0.86

0.95

95%-Cl Weight



PM1o — Prevalence of asthma ever — Children
Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain — low

vs high

Study Study Name Relative Risk RR 95%-Cl
Low

Pénard-Morand et al. 2010 French Six Cities - 1.27 [1.07;1.50]
Pedersen et al. 2013 EDEM * 0.28 [0.10;1.41]
Mélter et al. 2015 ESCAPE _—1 0.88 [0.63;1.23]
Wood et al. 2015 ISAAC East London b 0.48 [0.10; 2.42]
Random effects model e ————— 0.94 [0.48;1.86]
Heterogeneity: I° = 60%, 1 = 0.0871, p = 0.06

High

Puklova et al. 2019 Czech Respiratory Cohort =T 0.86 [0.70;1.06]

02
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05 1
Relative Risk per 10 ugs’m]
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PM1o — Prevalence of asthma ever — Children
Sensitivity analysis — risk of bias selection bias domain — low/moderate vs high

Study Study Name Relative Risk RR 95%.-Cl
LowiModerate

Pénard-Morand et al. 2010 French Six Cities - 127 [1.07;1.50]
Pedersen etal. 2013 EDEN - 0.38 [0.10; 1.41]
Mélter et al. 2015 ESCAPE 0.88 [0.63;1.23]
Puklova et al. 2019 Czech Respiratory Cohort 0.86 [0.70; 1.06]
Random effects model —e—eE——— 0.96 [0.60;1.55]

Heterogeneity: I° = 74%, t = 0.0454, p = 0.04

High
Wood et al. 2015 ISAAC East London - 048 [010; 2.42]

02 05 1 2 2!
Relative Risk per 10 uga’m]

55



Chapter 9 Additional Materials

PM1o — Prevalence of asthma ever — Children
Sensitivity analysis — risk of bias outcome measurement domain — low/moderate vs high

Study Study Name Relative Risk RR 95%.-Cl
LowiModerate

Pénard-Morand et al. 2010 French Six Cities - 127 [1.07;1.50]
Pedersen etal. 2013 EDEN - 0.38 [0.10; 1.41]
Mélter et al. 2015 ESCAPE 0.88 [0.63;1.23]
Puklova et al. 2019 Czech Respiratory Cohort 0.86 [0.70; 1.06]
Random effects model —e—eE——— 0.96 [0.60;1.55]

Heterogeneity: I° = 74%, t = 0.0454, p = 0.04

High
Wood et al. 2015 ISAAC East London - 048 [010; 2.42]

02 05 1 2 2!
Relative Risk per 10 uga’m]
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PM10 — Prevalence of asthma ever — Children
Subgroup analysis — region

Study Study Name Relative Risk RR 5% Cl
Western Europe

Pénard-Morand et al. 2010 French Six Cities — 127 [1.07; 1.50]
Pedersen etal. 2013 EDEM 0.38 [0.10; 1.41]
Molter et al. 2015 ESCAPE 0.88 [0.63;1.23]
Wood et al. 2015 ISAAC East London 0.42 [0.10; 2.42]
Random effects model e—e——— 0.94 [0.48; 1.86]

Heterogeneity: I° = 60%, 7 = 0.0871, p = 0.06

Eastern Europe
Puklova et al. 2019 Czech Respiratory Cohort 0.86 [0.70; 1.06]

0.2 0.5 1 2 3
Relative Risk per 10 ug.n’m]

Subgroup analysis — year of publication
All studies published after 2008
Subgroup analysis — traffic specificity
All studies moderate specificity
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PMio — Prevalence of asthma ever — Children
Subgroup analysis — smoking adjustment

Study Study Name Relative Risk RR 95%.-Cl
Yes

Pénard-Morand et al. 2010 French Six Cities -= 127 [1.07;1.50]
Pedersen etal. 2013 EDEN - 0.38 [0.10; 1.41]
Mélter et al. 2015 ESCAPE 0.88 [0.63;1.23]
Wood et al. 2015 ISAAC East London - 048 [0.10;2.42]
Random effects model e — 0.94 [0.48; 1.86]

Heterogeneity: I° = 60%, 1 = 0.0871, p = 0.06

No
Puklova etal. 2019 Czech Respiratory Cohort 0.

==}

6 [0.70; 1.06]

02 05 1 2 2!
Relative Risk per 10 uga’m]
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PM..s— Prevalence of asthma ever — Children

Primary meta-analysis

PM, s - Prevalence of asthma ever - Children (<18 years)

Morgenstern et al. 2008 GINI, LISA: Munich Annual average at current address

Study Study Name
Maolter et al. 2015 ESCAPE
Wood et al. 2015 ISAAC East London

Random effects model
Prediction interval
Heterogeneity: /° = 0%, t° < 0.0001, p = 0.41

Exposure window Relative Risk

Cumulative average
Annual average current year  *

0.7 1 1.5
Relative Risk per 5ug;’m3
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RR
1.76
123
0.47

1.29
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95%-Cl Weight

[0.80; 3.89] 24.0%
[0.78; 1.94] 716%
[0.07; 301] 4.4%

[0.58; 2.87] 100.0%
[0.12: 13.70]
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CO - Prevalence of asthma ever — Children

Primary meta-analysis

CO - Prevalence of asthma ever - Children (<18)

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
Hirsch et al. 1999 ISAAC Dresden Annual mean - : 140 [0.75;,264] 118%
Hwang et al. 2005 ISAAC Taiwan Annual average previous year — 147 [1.16;1.86] 836%
Pénard-Morand et al. 2010 French Six Cities Annual average current year : *» 261 [095,716] 46%
Random effects model —_— 1.50 [1.03; 2.17] 100.0%
Prediction interval ! [0.50; 4.50]

1

07 1 15
Relative Risk per 1 mgfmz‘

Heterogeneity: e 0%, = 0, p=054

60



Distance measures — Prevalence of asthma ever — Adults

Distance measures - Prevalence of asthma ever - Adults

Chapter 9 Additional Materials

Reference Study Name Categories RR 95% CI
Cesaroni et al. 2008 SIDRIA n =50 vs. =200 m 1.01  [0.73, 1.39]
Cesaroni et al. 2008 SIDRIA u 50-100 vs. =200 m 1.07 [0.76, 1.52]
Cesaroni et al. 2008 SIDRIA | 100-200 vs. =200 m 1.00 [0.77,1.29]
Muvolone et al. 2011 Tuscany Health Survey - =100 vs. 250-800 m 168 [097, 2.88]
Muvolone et al. 2011 Tuscany Health Survey - =100 vs. 250-800 m 1.59 [0.85, 2.98]
Muvolone et al. 2011 Tuscany Health Survey L 100-250 vs. 250-800 m 058 [0.30, 1.15]
Muvolone et al. 2011 Tuscany Health Survey - 100-250 vs. 250-800 m 155 [0.83, 2.87]

T T T

0 1 2

Relative Risk

Nuvolone et al. 2011 estimates were stratified by sex. All prevalence studies.
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Distance measures — Prevalence of asthma ever — Children

Distance measures - Prevalence of asthma ever - Children (<18 years)

Reference Study Name Categories RR 95% CI

van Vliet et al. 1997 South Holland Respiratory Survey - =100 vs. =100-1000 m 1.68 [0.68, 4.14]
Lewis et al. 2005 ISAAC Eastern UK u =30vs. =150 m 0.85 [0860, 1.05]
Lewis et al. 2005 ISAAC Eastern UK = 30-89vs. =150 m 1.05 [090, 1.25]
Lewis et al. 2005 ISAAC Eastern UK = 90-149 vs. =150 m 1.03 [0.87, 1.23]
McConnell et al. 2006 CHS - =75 vs. =300 m 1.29 [1.01, 1.66]
McConnell et al. 2006 CHS " 75-150 vs. =300 m 1.06 [0.82, 1.36]
McConnell et al. 2006 CHS - 150-300 vs. =300 m 092 [073, 115
Morgenstern et al. 2007 GINI, LISA: Munich . =50 vs. =50 m 123 [1.00, 1.51]
Morgenstern et al. 2008 GINI, LISA: Munich - <50 vs. =50 m 166 [1.01, 2.59]
Dong et al. 2008 Liaoning Survey 2007 - =20 vs. =100 m 117 [0.83, 163]
Dong et al. 2008 Liaoning Survey 2007 . 20-100 vs. =100 m 0.84 [0.63, 1.11]
Rosenlund et al. 2009 ISAAC Rome N =100 vs. =100 m 0.70 [0.40, 1.10]
Pujades-Rodriguez et al. 2009 Health Survey England i =150 vs. =150 m 1.01 [0.95, 1.07]
Miyake et al. 2010 OMCHS <50 vs. =200 m 401 [1.44,11.24]
Miyake et al. 2010 OMCHS . 50-100 vs. =200 m 1.39 [0.36, 4.54]
Miyake et al. 2010 OMCHS B 100-200 vs. =200 m 238 [091, 6.28]
Skrzypek et al. 2013 ISAAC Bytom - =100 vs. =100 m 147 [095, 227]
Dell et al. 2014 T-CHEGQ = <100 vs. =100 m 1.28 [0.33, 4.96]
Ranzi et al. 2014 GASPI . <86.1vs. =86.1 m 062 [033, 113]
Jung et al. 2015 CHEER = <7Hvs. >225m 1.11  [0.84, 1.46]
Jung et al. 2015 CHEER 2 75-150 vs. =225 m 123 [098, 1.56]
Jung et al. 2015 CHEER . 150-225 vs. 2256 m 1.13  [0.81, 1.59]
Lee et al. 2018 CHEER = <75 vs. =700 m 1.79 [1.05, 3.06]
Lee etal 2018 CHEER . 75-700 vs. =700 m 1.36 [0.83, 2.24]

T T T T
0 1 2 3
Relative Risk

All prevalence studies
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Density measures — Prevalence of asthma ever — Adults

Density measures - Prevalence of asthma ever - Adults

Reference Study Name Per Increment/Categories RR 95% CI
Oosterlee et al. 1996 Haarlem Respiratory Survey L high vs. low 1.20 [0.80, 1.90]
Lindgren et al. 2010 Scania Health Survey 2004 u =10 vs. no cars/minute 1.30 [0.95, 1.80]
Lindgren et al. 2010 Scania Health Survey 2004 - B6-10 vs. no cars/iminute 120 [0.92, 1.60]
Lindgren et al. 2010 Scania Health Survey 2004 | 2-5vs. no cars/minute 0.96 [081,1.10]
Lindgren et al. 2010 Scania Health Survey 2004 B =2 vs. no cars/minute 1.10 [0.92, 1.20]
T T T
0.8 1 2
Relative Risk

All prevalence studies
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Density measures — Prevalence of asthma ever — Children

Density measures - Prevalence of asthma ever - Children (<18 years)

Reference Study Name Per Increment/Categories RR 95% CI
Wist et al. 1993 Munich Asthma and Allergy | 25000 vehicles/day 1.06 [0.97,1.16]
van Vet et al. 1997 South Holland Respiratory Survey " high vs. low car volume 0.30 [0.09, 0.97]
van Vet et al. 1997 South Holland Respiratory Survey - high vs. low truck volume 054 [0.18, 1.60]
Nicolai et al. 2003 ISAAC Munich . =30000 vehicles/day vs. none 1.19 [0.76, 1.87]
Nicolai et al. 2003 ISAAC Munich = 15001-30000 vehicles/day vs. none 093 [0.58,1.51]
Nicolai et al. 2003 ISAAC Munich o 2600-15000 vehicles/day vs. none 0.90 [0.55, 1.49]
Gordian et al. 2006 Anchorage Respiratory = =8000 vs. <4000 vehicle-km/day 283 [1.23,6.51]
Gordian et al. 2006 Anchorage Respiratory " 4000 to 8000 vs. <4000 vehicle-km/day 1.40 [0.77, 2.55]
Andersson et al. 2011 OLIN " >8000 vs. <B000 vehicles/day 1.40  [0.80, 2.50]
Andersson et al. 2011 OLIN . =500 vs. <500 heavy vehicles/day 1.50 [0.80, 2.90]
Skrzypek et al. 2013 ISAAC Bytom o =90th vs. <90th percentile 1.60 [1.07, 2.39]

T T T T T

0 1 2 3 4

Relative Risk

All prevalence studies
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9.3 Prevalence of active asthma

Meta-analysis overview — Children (<18)

Chapter 9 Additional Materials
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Footnote: The following increments were used: 10 ug/m3 for NO,, 20 pg/m3 for NO,, 1 pug/m? for EC and 10 pg/m? for PMyo. Effect estimates cannot be
directly compared across the different traffic—related pollutants because the selected increments do not necessarily represent the same contrast in

exposure.
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NO; - Prevalence of active asthma — Children
Primary meta-analysis

NQs - Prevalence of active/current asthma - Children (<18 years)

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
Kramer et al. 2009 GINI, LISA: Wesel Cumulative average 0.94 [0.56; 1.60] 1.9%
Gehring et al. 2010 PIAMA Annual average at birth T 1.21 [0.95;1.55] 6.3%
Panetal 2010 Liaoning Survey 2002 Four year average at baseline - 112 [1.04;1.20] 16.1%
Svendsen et al. 2012 El Paso Children's Health Average recent —_— 102 [0.88;1.18] 11.2%
Liuetal 2013 SNEC Kindergarten Three year average at baseline —|—'— 1.21 [0.93;1.57] 5.8%
Zhou etal. 2013 French Six Cities Annual average current year = 1.00 [0.88;1.14] 12.0%
Delletal. 2014 T-CHEQ Average first year T 110 [091,134] 84%
Liuetal 2014 SNEC Three year average at baseline & 122 [106;140] 116%
Gehring et al 2015 ESCAPE Annual average at birth —_— 106 [089;127] 92%
Cakmak et al. 2016 Windsor Children's Health 05 Annual average current year 1.07 [0.80;1.42] 5.1%
Knibbs et al. 2018 ACHAPS Previous year annual average : —* 177 [1.36;229] 59%
Puklova et al. 2019 Czech Respiratory Cohort  Five year average at baseline —&T 093 [0.73;1.19] 64%
Random effects model i 1.12 [1.02; 1.23] 100.0%
Prediction interval ! [0.90; 1.39]

06 075 1 1D 2
Relative Risk per 10 ugfm3

Heterogeneity: I° = 49%, <> = 0.0078, p = 0.03
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NO; — Prevalence of active asthma — Children
Funnel plot

Chapter 9 Additional Materials

Standard Error
015 0.10 005 0.00
| | | |
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Egger's test p-value= 0.735
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Relative Risk

1.2
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Footnote: The vertical lines in the funnel plots represent the pooled fixed and random effect estimates. The vertical dashed line in the middle of the funnel
shows the fixed effect estimate. As the Panel applied a random—effects model, the funnel plot also presents the random—effects estimate with the dotted

line.
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NO; — Prevalence of active asthma — Children

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain —
low/moderate vs high

Study Study Name Relative Risk RR 95%.-Cl
Lowi/Moderate

Kramer et al. 2008 GIMI, LISA: Wesel - 0.94 [0.56; 1.60]
Gehring et al. 2010 PIAMA - 1.21 [0.95; 1.55]
Svendsen et al. 2012 El Paso Children's Health _— 1.02 [0.88;1.18]
Liu et al. 2013 SMNEC Kindergarten - 1.21 [0.93;1.57]
Zhou et al. 2013 French Six Cities _— 1.00 [0.88;1.14]
Dell et al. 2014 T-CHEQ _— 1.10 [0.91;1.34]
Liu et al. 2014 SMNEC — 1.22 [1.06;1.40]
Gehring et al. 2015 ESCAPE — 1= 1.06 [0.89;1.27]
Knibbs etal. 2018 ACHAPS —F 177 [1.36;2.29]
Random effects model [ = 1.15 [1.01;1.30]
Heterogeneity: 1° = 58%, 1 = 0.0146, p = 0.01

High

Pan et al. 2010 Liaoning Survey 2002 - 112 [1.04;1.20]
Cakmak et al. 2016 Windsor Children’s Health 05 S B EE— 1.07 [0.80;1.42]
Puklova et al. 2019 Czech Respiratory Cohort —_— 0.93 [0.73;1.19]
Random effects model o 1.08 [0.89;1.32]
Heterogeneity: /° = 1%, 7 = 0.0019, p = 0.36 | : : ,

0.6

68
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NO; — Prevalence of active asthma — Children
Subgroup analysis — region

Study Study Name Relative Risk RR a5%-Cl

North America

Svendsen et al. 2012 El Paso Children's Health —_— 1.02 [0.88;1.18]
Dell etal. 2014 T-CHEQ -1 = 1.10 [0.91; 1.34]
Cakmak et al. 2016 Windsor Children's Health 05 _— 1.07 [0.80;1.42)
Random effects model === 1.05 [0.94;1.17]
Heterogeneity: 1°=0%, 7 =0, p = 0.80

Western Europe

Kramer etal. 2009 GIMI, LISA: Wesel 0.94 [0.56;1.60]
Gehring et al. 2010 PIAMA T—F 1.21 [0.95; 1.55]
Zhou et al. 2013 French Six Cities _— 1.00 [0.88;1.14]
Gehring etal. 2015 ESCAPE :E 1.06 [0.89;1.27]
Random effects model 1.05 [0.92;1.19]

Heterogeneity: .fz = 0%, rz =0,p=058

Asia
Pan et al. 2010 Liaoning Survey 2002 = = 1.12 [1.04;1.20]
Liu et al. 2013 SMNEC Kindergarten - 1.21 [0.93; 1.57]
Liu et al. 2014 SMEC —_— 1.22 [1.06; 1.40)
Random effects model ==EilEn==- 1.15 [1.01; 1.29]
Heterogeneity: /= 0%, T = 0.0003, p = 0.49
Australia/New Zealand
Knibbs etal. 2018 ACHAPS == 1.77 [1.36;2.29]
Eastern Europe
Puklova et al. 2019 Czech Respiratory Cohort I 0.93 [0.73;1.19]
L
f T T T 1
0.6 0.75 1 15 2

Relative Risk per 10 po/m-

Subgroup analysis — year of publication
All published after 2008
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NO; — Prevalence of active asthma — Children
Subgroup analysis — traffic specificity

Study Study Name Relative Risk RR 95%-Cl
High

Kramer et al. 2009 GIMI, LISA: Wesel < 0.94 [0.56; 1.60]
Gehring et al. 2010 PIAMA T 1.21 [0.95; 1.55]
Svendsen et al. 2012 El Paso Children's Health —I'— 1.02 [0.88;1.18]
Zhou etal. 2013 French Six Cities —_— 1.00 [0.88;1.14]
Dell et al. 2014 T-CHEQ -1 1.10 [0.91; 1.34]
Gehring et al. 2015 ESCAPE -t 1.06 [0.89; 1.27]
Cakmak et al. 2016 Windsor Children’s Health 05 -_—t 1.07 [0.80; 1.42]
Knibbs etal. 2018 ACHAPS —_— 177 [1.36,2.29]
Puklova et al. 2019 Czech Respiratory Cohort I p— 093 [0.73;1.19]
Random effects model g 1.10 [0.96; 1.26]

Heterogeneity: I = 56%, = 0.0172, p = 0.02

Moderate

Pan etal. 2010 Liaoning Survey 2002 = 1.12 [1.04; 1.20]
Liu et al. 2013 SMNEC Kindergarten - 1.21 [0.93; 1.57]
Liu et al. 2014 SMEC — = 1.22 [1.06; 1.40]
Random effects model g 1.15 [1.01;1.29]

Heterogeneity: /2= 0%, © = 0.0003, p = 0.49

I T T 1
0.6 075 1 15 2
Relative Rigk per 10 |.|gs'n'|:I
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NO; — Prevalence of active asthma — Children
Subgroup analysis — smoking adjustment

Study Study Name

Yes

Kramer et al. 2009 GIMI, LISA: Wesel
Gehring etal. 2010 PIAMA

Pan et al. 2010 Liaoning Survey 2002
Svendsen et al. 2012 El Paso Children’s Health
Liuetal. 2013 SNEC Kindergarten
Zhou et al. 2013 French Six Cities
Dell et al. 2014 T-CHEQ
Liuetal 2014 SNEC

Gehring etal. 2015 ESCAPE
Cakmak et al. 2016 Windsor Children’s Health 05

Random effects model
Heterogeneity: = 0%, 7= 0,p = 064

No
Knibbs etal. 2018 ACHAPS
Puklova et al. 2019 Czech Respiratory Cohort

71

Relative Risk

I
0.6

0.75 1 15

Relative Risk per 10 ugim:

0.94
121
112
1.02
121
1.00
110
122
1.06
1.07
1.10

177
093

95%-Cl

[0.56; 1.60]
[0.95; 158]
[104; 120]
[0.88; 1.18]
[0.92; 157]
[088; 1.14]
[091: 134]
[1.08; 1.40]
[088; 1.27]
[0.80; 1.42]
[1.05; 1.15]

[136; 2.29]
[073; 119]
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NO; — Prevalence of active asthma — Children
Sensitivity analysis — reverse selection

NO, - Prevalence of active/current asthma - Children (<18 years)

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
Kramer et al. 2009 GINI, LISA: Wesel Cumulative average 0.94 [0.56;1.60] 1.9%
Gehring et al. 2010 PIAMA Annual average at birth - 1.21 [0.95;1.55] 6.2%
Pan et al. 2010 Liaoning Survey 2002 Four year average at baseline . 112 [1.04;1.20] 154%
Svendsen et al. 2012 El Paso Children's Health Average recent — .. 1.02 [0.88;1.18] 10.8%
Liuetal 2013 SNEC Kindergarten Three year average at baseline —|—'— 1.21 [0.93;1.57] 57%
Zhou et al. 2013 French Six Cities Annual average current year — 1.00 [088;114] 116%
Dell etal 2014 T-CHEQ Annual average current year 1B 1.14 [0.91;1.43] 7.0%
Liuetal 2014 SNEC Three year average at baseline —_— 122 [1.06;140] 112%
Gehring et al. 2015 ESCAPE Annual average current year = 104 [093;1.16] 131%
Cakmak et al. 2016 Windsor Children's Health 05  Annual average current year ——'— 1.07 [0.80;142] 51%
Knibbs et al. 2018 ACHAPS Previous year annual average : —— 177 [1.36;2.29] 58%
Puklova et al. 2019 Czech Respiratory Cohort  Five year average at baseline ———1—— 093 [0.73;1.19] 6.3%
Random effects model = 1.11 [1.02; 1.22] 100.0%
Prediction interval H I [0.89; 1.39]

07 1 15 2
Relative Risk per 10 ugp‘m3

Heterogeneity: 1° = 51%, ©° = 0.0083, p = 0.02

Recent years > cumulative average > first year of life > at birth > pregnancy
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NOy — Prevalence of active asthma — Children

Primary meta-analysis

Chapter 9 Additional Materials

NOy - Prevalence of active/current asthma - Children (<18 years)

Study Study Name Exposure window
McConnell et al. 2006 CHS Early life exposure
Gruzieva et al. 2013 BAMSE Average first year
Zhou etal 2013 French Six Cities Annual average current year

Random effects model
Prediction interval

Heterogeneity: I = 0%, = 0,p=077

73

Relative Risk RR
R 1.04

" * 1.07
= 1.01
<JT-:>' 1.03

1 1.25
Relative Risk per 20 ugme‘

95%-Cl Weight
097;1.12] 47.3%
[0.89;1.30] 6.8%
0.94;1.09] 459%

[0.97; 1.09] 100.0%
[0.87; 1.22]
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EC — Prevalence of active asthma — Children

Primary meta-analysis

EC - Prevalence of active/current asthma - Children (<18 years)

Study Study Name Exposure window Pollutant Relative Risk RR 95%-Cl Weight
Kramer et al. 2009 GINI, LISA: Wesel Cumulative average PMZ2.5 abs 106 [046;231] 60%
Gehring et al. 2010 PIAMA Annual average at birth PM2.5 abs 1 143 [095 214] 226%
Gehring et al. 2015 ESCAPE Annual average at birth PM2.5 abs = 122 [097;153] 7T14%
Random effects model s 1.25 [0.98; 1.59] 100.0%
Prediction interval | [0.61; 2.54]
Heterogeneity: I 0%, = 0,p=072 f ! !
05 1 2 25

Relative Risk per 1 ugfm3
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PM1o— Prevalence of active asthma — Children
Primary meta-analysis

Chapter 9 Additional Materials

PM,, - Prevalence of active/current asthma - Children (<18 years)

Study Study Name Exposure window Relative Risk
Gruzieva et al. 2013 BAMSE Average first year —'l—'—
Zhou et al. 2013 French Six Cities Annual average current year . 3
Gehring et al. 2015 ESCAPE Annual average at birth

Puklova et al. 2019 Czech Respiratory Cohort Five year average at baseline
Random effects model
Prediction interval 1
Heterogeneity: 1% = 36%, t° = 0.0153, p = 0.20 ! ! ! o
0.1 05 1 a3
Relative Risk per 10 ugfm3

75

RR  95%-Cl Weight
138 [065.2.93] 64%
102 [0.84;1.24] 41.2%
110 [0.74.1.63] 18.6%
078 [0.61,0.99] 33.9%

0.96 [0.70; 1.31] 100.0%
[0.49: 1.89]
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PM10 — Prevalence of active asthma — Children

Sensitivity and subgroup analyses notes:
Risk of bias confounding domain — Gruzieva et al. 2013 and Puklova et al. 2019 high risk of bias; other two low risk of bias.

Smoking adjustment: Gruzieva et al. 2013 and Puklova et al. 2019 no smoking adjustment.
Year of publication: All studies published after 2008
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PM10 — Prevalence of active asthma — Children
Subgroup analysis — region

Study Study Name Relative Risk RR 95%-Cl

Western Europe

Gruzieva et al. 2013 BAMSE 1.38 [0.65; 2.93]
Zhou et al. 2013 French Six Cities E = 1.02 [0.84; 1.24]
Gehring et al. 2015 ESCAPE :b 1.10 [0.74; 1.63]
Random effects model 1.05 [0.85;1.30]

Heterogeneity: = 0%, = 0,p=073

Eastern Europe
Puklova et al. 2019 Czech Respiratory Cohaort 078 [0.61;0.99]

0.1 0.5 1 2 3
Relative Risk per 10 ug.n’m]
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PMio — Prevalence of active asthma — Children
Subgroup analysis — traffic specificity

1.02
110
0.78
0.94

Study Study Name Relative Risk
High
Gruzieva et al. 2013 BAMSE 1.38
Moderate |
Zhou etal. 2013 French Six Cities -
Gehring et al. 2015 ESCAPE
Puklova et al. 2019 Czech Respiratory Cohort
Random effects model <|>
Heterogeneity: /° = 46%, t* = 0.0154, p = 0.16
I T T 1
0.1 05 1 3

78

Relative Rizk per 10 |.|gs'm:I

95%-Cl

[0.65; 2.93]

[0.84; 1.24]
[0.74; 1.63]
[0.67; 0.99]
[0.60: 1.46]
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Distance measures - Prevalence of active asthma — Adults

Distance measures - Prevalence of active/current asthma - Adults

Reference Study Name Categories RR 95% CI
Livingstone et al. 1996 Tower Hamlets GP u <150vs.>150m  1.00 [0.84, 1.19]
Morris et al. 2000 Tower Hamlets Respiratory . <150vs.>150m  0.78 [0.46, 1.32]
Balmes et al. 2014 Asthma Rhinitis Cohort, Severe Asthma Cohort L] <131vs.>334m  0.77 [047, 1.26]
Balmes et al. 2014 Asthma Rhinitis Cohort, Severe Asthma Cohort . 131-334vs.>334m 1.26 [0.77, 2.06]
Bowatte etal. 2017a TAHS - <200vs.>200m 149 [1.09, 2.05]
Bowatte etal. 2017b TAHS . <200vs.>200m  1.21 [0.91, 1.59]
Bowatte etal. 2018 TAHS . <200vs.>200m 521 [1.54,17.60]

T T T T T

0 2 4 6 8

Relative Risk

Note: Bowatte et al 2017a & b and 2018 refer to different study designs and study selections. All prevalence studies
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Distance measures - Prevalence of active asthma — Children

Distance measures - Prevalence of active/current asthma - Children (<18 years)

Reference Study Name incidence/Prevalence Categories RR 95% CI

Pereira et al. 2009 Perth Asthma ED Visits . Incidence -1 km 1.20 [0.96, 1.49]
Lietal 2011 Detroit Medicaid Children's Asthma | Incidence 1000 m 098 [093, 1.03]
Livingstone et al. 1996 Tower Hamlets GP = Prevalence <150 vs. =150 m 096 [0.78, 1.22]
van Vliet et al. 1997 South Holland Respiratory Survey . Prevalence <100 vs. 1001000 m 087 [0.32, 2.37]
Lin et al. 2002 Ene County Children's Asthma Prevalence <200 vs. =600 m 124 [0.87, 1.77]
Lin et al. 2002 Enie County Children's Asthma Prevalence 201400 vs. =600 m 0.88 [0.61, 1.28]
Lin et al. 2002 Erie County Children's Asthma Prevalence 401-600 vs. =600 m 073 [050, 1.09]
Yang et al. 2002 Kaohsiung Respiratory Survey Prevalence 150 vs. 1500 m 094 [0.78, 1.13]
McConnell et al. 2006 CHS o Prevalence <f5vs. =300 m 150 [1.16, 1.99]
McConnell et al. 2006 CHS Prevalence 75-150vs. =300 m 133 [1.02, 1.72]
McConnell et al. 2006 CHS Prevalence 150-300 vs. =300 m 1.04 [0.82, 1.33]
Dong et al. 2008 Liaoning Survey 2007 Prevalence <20vs. =100 m 1.25 [0.79, 1.98]
Dong et al. 2008 Liaoning Survey 2007 Prevalence 20-100vs. =100 m 0.89 [0.56, 1.44]
Kim et al. 2008 EBCRHS s Prevalence <f5vs. =300 m 380 [1.20,11.71]
Kim et al. 2008 EBCRHS . Prevalence 75-150vs. =300 m 187 [0.71, 490]
Kim et al. 2008 EBCRHS Prevalence 150-300 vs. =300 m 126  [0.560, 311]
Kramer et al. 2009 GINI, LISA: Wesel Prevalence <50 vs. =50 m 0.82 [0.51, 1.32]
Patel et al. 2011 CCCEH Prevalence -0.96 km 1.31  [0.88, 1.96]
Delletal 2014 T-CHEQ " Prevalence <100 vs. =100 m 191 [0.46, 7.94]
Jung et al. 2015 CHEER Prevalence <fovs. =225m 1.08 [0.69, 168]
Jung et al. 2015 CHEER Prevalence 75-150vs. =225 m 1.00 [0.68, 1.49]
Jung et al 2015 CHEER Prevalence 150-225vs. =225 m 112 [0.64, 1.96]
Yietal 2017 Seoul Atopy Friendly School Prevalence <150 vs. =500 m 093 [0.78, 1.11]
Yietal 2017 Seoul Atopy Friendly School Prevalence 150-300 vs. =500 m 111 [0.23, 1.32]
Yietal 2017 Seoul Atopy Friendly School Prevalence 300-500 vs. =500 m 1.00 [0.83, 1.20]
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Density measures - Prevalence of active asthma — Adults

Density measures - Prevalence of active/current asthma - Adults

Reference Study Name Stratification Per Increment/Categories RR 95% CI
Lindgren et al. 20089 Scania Respiratory Survey 2000 - only non-allergic asthma =10 vehicles/minute vs_ no heavy road 096 [047,1.96]
Lindgren et al. 2009 Scania Respiratory Survey 2000 = only allergic asthma =10 vehicles/minute vs. no heavy road 183 [123 277
Lindgren et al. 2008 Scania Respiratory Survey 2000 L] only non-allergic asthma  6-10 vehicles/minute vs. no heavy rcad 095 [0.54, 1.69]
Lindgren et al. 2009 Scania Respiratory Survey 2000 L] only allergic asthma 6-10 vehicles/minute vs. no heavy road 1.34 [0.92, 1.96]
Lindgren et al. 2008 Scania Respiratory Survey 2000 L only non-allergic asthma  2-5 vehicles/minute vs. no heavy road 0.98 [063,1.53]
Lindgren et al. 2009 Scania Respiratory Survey 2000 L only allergic asthma 2-5 vehicles/minute vs. no heavy road 096 [0.69,1.33]
Lindgren et al. 2008 Scania Respiratory Survey 2000 = only non-allergic asthma <2 vehicles/minute vs. no heavy road 0.82 [0.53,1.28]
Lindgren et al. 2009 Scania Respiratory Survey 2000 ] only allergic asthma =2 vehicles/minute vs. no heavy road 1.13 [0.84, 1.51]
Havet et al. 2018 EGEA ] 4000 vehicle-km/day 1.14 [0.94, 1.37]
T T T T
04 1 2 3
Relative Risk

All prevalence studies.
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Density measures - Prevalence of active asthma — Children

Density measures - Prevalence of active/current asthma - Children (<18 years)

Reference Study Name incidence/Prevalence Per Increment/Categories RR 95% CI

Wilkinson et al. 1999 London Children's Asthma u Incidence =60 vs. =1.5 vehicle-km/hour 0.88 [0.74, 1.06]
Wilkinson et al. 1999 London Children's Asthma | Incidence 15-50 vs_ <1.5 vehicle-km/hour 0.80 [0.68, 0.95]
Wilkinson et al. 1999 London Children's Asthma ] Incidence 1.5-15 vs_ <1.5 vehicle-km/hour 1.03  [0.87, 1.22]
Pereira et al. 2009 Perth Asthma ED Visits | Incidence 1000 vehicle-km/peak moming hour 0.73 [0.62, 0.85]
Wist et al. 1993 Munich Asthma and Allergy u Prevalence 25000 vehicles/day 1.04 [0.89, 1.21]
van Vliet et al. 1997 South Holland Respiratory Survey " Prevalence high vs. low car volume 0.38 [0.13,1.12]
van Vliet et al. 1997 South Holland Respiratory Survey " Prevalence high vs. low truck volume 1.78 [0.66, 4.77]
English et al. 1999 San Diego Children's Asthma L] Prevalence =50100 vs. <3100 vehicles/day 1.05 [0.88, 1.26]
English et al. 1999 San Diego Children's Asthma L] Prevalence 25001-50100 vs_ <9100 cars/day 1.00 [0.83, 1.19]
English et al. 1999 San Diego Children's Asthma B Pravalence 16701-25000 vs. <9100 cars/day 0.76 [0.63, 0.91]
English et al. 1999 San Diego Children's Asthma -] Prevalence 910116700 vs. <9100 cars/day 0.83 [0.69, 1.00]
Lin et al. 2002 Erie County Children's Asthma - Pravalence =4043 vs. no vehicle-miles/day 193 [1.13, 3.29]
Lin et al. 2002 Erie County Children's Asthma - Prevalence 23674042 vs. no vehicle-miles/day 1.06 [0.64, 1.76]
Lin et al. 2002 Erie County Children's Asthma - Prevalence <2366 vs. no vehicle-miles/day 131 [0.79, 2.16]
Nicolai et al. 2003 ISAAC Munich r Prevalence =30000 vehicles/day vs. none 1.79  [1.08, 3.08]
Micolai et al. 2003 ISAAC Munich ' Prevalence 15001-30000 vehicles/day vs. none 118  [0.64, 2.17]
Micolai et al. 2003 ISAAC Munich " Prevalence 2600-15000 vehicles/day vs. none 0.61  [0.26, 1.40]
Kim et al. 2008 EBCRHS - Prevalence 9414-74041 vehicles-km/day vs. none  2.37  [1.05, 5.36]
Kim et al. 2008 EBCRHS ol Prevalence 4403-9413 vehicles-km/day vs. none 140 [0.60, 3.30]
Kim et al. 2008 EBCRHS » Prevalence 1920-4402 vehicles-km/day vs. none 196 [0.85, 4.52]
Kim et al. 2008 EBCRHS - Prevalence <1919 vehicles-km/day vs. none 1.23  [0.53, 2.83]

T T T T T T
o z 3 4 3
Relative Risk
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9.4 Acute lower respiratory infections (ALRI)

Meta-analysis overview — Children (<18).

et
ot

N
1o

Relative Risk (95% Confidence Interval)

1.5
N 1.30
1.09
I el
Number of studies in mefa-analyses
11 4
0.5
NO, EC

Footnote: The following increments were used: 10 pug/m3 for NO, and 1 pg/m? for EC. Effect estimates cannot be directly compared across the different
traffic—related pollutants because the selected increments do not necessarily represent the same contrast in exposure.
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NO2— ALRI — Adults

Primary meta-analysis

NO, - ALRI - Adults (18+ years)

Study Study Name

Neupane et al. 2010
Carey etal 2016
Salimi etal. 2018

Random effects model
Prediction interval
Heterogeneity: 12 = 71%, 12 = 0.0144, p = 0.03

Exposure Window

Average recent year
Annual average at baseline
Annual average at baseline

Hamilton Pneumaonia
CPRD London
45 and Up Study

Relative Risk

06 075 1 1.5
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Relative Risk per 10 ugfm3
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RR 95%-Cl Weight

1.42 [100;2.02] 15.4%
1.08 [0.98;1.20] 41.9%
0.95 [0.86,1.05] 42.7%

1.07 [0.71; 1.61] 100.0%
[0.15: 7.51]



NO;— ALRI - Children

Primary meta-analysis

Study

Hirsch et al. 1999
Janssen et al. 2003
Morgenstern et al. 2007
Karr et al. 2009
Svendsen et al. 2012
Aguilera et al. 2013
Pedersen et al. 2013
Macintyre et al. 2014
Ranzi et al. 2014
Liuetal 2016
Madsen et al. 2017

Random effects model
Prediction interval

Heterogeneity: = 45%, 2

NO- - ALRI - Children (<18 years)

Study Name

ISAAC Dresden

ISAAC Southwestern Netherlands Annual average current year

GINI, LISA: Munich
Geargia Air Basin Birth Cohort
El Paso Children's Health
INMA
EDEN
ESCAPE
GASPI
CCHH Shanghai
MoBa

=0.0030, p = 0.05

Exposure window

Annual mean

Relative Risk

Annual average at birth
Cumulative average

Average recent =]
Entire pregnancy
Entire pregnancy

Annual average at birth

Annual average at birth
Entire pregnancy
Entire pregnancy -1

0..._1.1.1..‘.1. 1.‘.+. i

I | i
06 075 1

Relative Risk per 10 ugfm:”
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I
1.5
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RR  95%-Cl Weight
123 [1.10;1.37] 12.1%
120 [0.75,1.91] 1.2%
114 [0.71;1.83] 1.2%
1.06 [1.02;1.09] 225%
112 [0.93;1.34] 6.4%
1.05 [0.98;1.12] 17.8%
095 [075 121 4.1%
130 [1.02;165] 4.1%
0.87 [069;1.09] 46%
117 [1.07;1.30] 13.5%
1.05 [0.95;1.17] 12.6%
1.09 [1.03; 1.16] 100.0%

[0.95; 1.25]



NO;— ALRI — Children
Funnel plot

Chapter 9 Additional Materials

Standard Error
010 0.05
| |

015
|

020
|

Egger's test p-value= 0.456

’
-

e e s

0.8

Relative Risk

1.2

Footnote: The vertical lines in the funnel plots represent the pooled fixed and random effect estimates. The vertical dashed line in the middle of the funnel
shows the fixed effect estimate. As the Panel applied a random—effects model, the funnel plot also presents the random—effects estimate with the dotted

line.
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NO;— ALRI — Children
Subgroup analysis — region

Study

North America
Karretal. 2009
Svendsen etal. 2012

Western Europe
Hirsch et al. 1999
Janssen etal. 2003
Morgenstern et al. 2007
Aguilera et al. 2013
Pedersen et al. 2013
Macintyre et al. 2014
Ranzi etal. 2014
Madsen et al. 2017
Random effects model

Study Name

Georgia Air Basin Birth Cohart
El Paso Children's Health

ISAAC Dresden
ISAAC Southwestern Metherlands
GINI, LISA: Munich

INIA

EDEM

ESCAPE

GASPII

MoBa

Heterogeneity: I° = 49%, © = 0.0071, p = 0.06

Asia
Liu et al. 2016
Random effects model

CCHH Shanghai

87

Relative Risk

=
l—
—_—

L

——
—
e

—

0.6

0.75 1 15

Relative Risk per 10 ug.-'m:'

RR

1.06
1.12

1.23
1.20
1.14
1.05
0.95
1.30
0.87
1.05
1.08

147

95%-Cl

[1.02;
[0.93;

[1.10;
[0.75;
[0.71;
[0.98;
[0.75;
11.02;
[0.69;
[0.95;

[0.97;

11.07;

1.09]
1.34]

1.37]
1.91]
1.83]
1.12]
1.21]
1.65]
1.09]
1.17]
1.20]

1.301
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NO;— ALRI — Children
Subgroup analysis — year of publication

Study Study Name Relative Risk RR 95%-Cl
Before 2008

Hirsch et al. 19499 ISAAC Dresden 1.23 [1.10;1.37]
Janssen etal 2003 ISAAC Southwestern Metherlands 1.20 [0.75;1.91]
Morgenstern et al. 2007 GINI, LISA: Munich 1.14 [0.71;1.83]

Random effects model
Heterogeneity: ."2 = 0%, rz =0,p=0.95

1.22 [1.16:1.29]

After 2008

Karr etal. 2009 Georgia Air Basin Birth Cohort 1.06 [1.02;1.09]
Svendsen etal. 2012 El Paso Children's Health = 1.12 [0.93; 1.34]
Aguilera et al. 2013 INMA 1.05 [0.98;1.12]
Pedersen etal. 2013 EDEN — 0.95 [0.75;1.21]
Maclntyre et al. 2014 ESCAPE 1.30 [1.02; 1.65]
Ranzi et al. 2014 GASPII — 0.87 [0.69;1.09]
Liu et al. 2016 CCHH Shanghai 1.17 [1.07;1.30]
Madsen et al. 2017 MoBa = 1.05 [0.95;1.17]

giLi

Random effects model 1.06 [1.02;1.11]

Heterogeneity: /° = 28%, 1 =< 0.0001, p = 0.12

0.6 075 1 15 2
Relative Risk per 10 |.|g.-'n'|:I
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NO2— ALRI — Children

Subgroup analysis — traffic specificity

Study Study Name

High
Morgenstern et al. 2007
Karr et al. 2009
Svendsen etal. 2012

GIMI, LISA: Munich
Georgia Air Basin Birth Cohort
El Paso Children's Health

Aguilera et al. 2013 IMMA
Pedersen et al. 2013 EDEM
Macintyre et al. 2014 ESCAFPE
Ranzi et al. 2014 GASPI

Madsen et al. 2017 MoBa
Random effects model

Heterogeneity: /° = 2%, © = < 0.0001, p = 0.42

Moderate

Hirsch et al. 1999
Janssen et al. 2003
Liu et al. 2016

Random effects model
Heterogeneity: ."2 = 0%, r2 =0,p=0283

ISAAC Dresden

CCHH Shanghai

Subgroup analysis — smoking adjustment

All corrected for smoking

89

ISAAC Southwestern Metherlands

Relative Risk

Al W‘W

0.75 1 15

Relative Risk per 10 pg/m’

RR

1.14
1.06
112
1.08
0.95
1.30
0.87
1.05
1.05

1.23
1.20
1.17
1.20

95%-Cl

[0.71; 1.83]
[1.02; 1.09]
[0.93; 1.34]
[0.95; 1.12]
[0.75; 1.21]
[1.02; 1.65]
[0.69; 1.09]
[0.95; 1.17]
[1.02; 1.09]

[1.10; 1.37]
[0.75; 1.91]
[1.07; 1.20]
[1.12; 1.28]
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NO;— ALRI — Children
Subgroup analysis — study design

Study Study Name Relative Risk RR a5%-Cl
Case-control
Karr et al. 2009 Georgia Air Basin Birth Cohart = 1.06 [1.02;1.09]
Cohort
Morgenstern et al. 2007 GIMI, LISA: Munich 1.14 [0.71;1.83]
Aguilera et al. 2013 IMMA 1.05 [0.98;1.12]
Pedersen etal. 2013 EDEN e 0.95 [0.75;1.21]
Macintyre et al. 2014 ESCAPE _— 1.30 [1.02;1.65]
Ranzi et al. 2014 GASPI _— 0.87 [0.69;1.09]
Madsen et al. 2017 MoBa -T-— 1.05 [0.95; 1.17]
Random effects model T 1.05 [0.97;1.13]
Heterogeneity: I° = 24% 1 = = 0.0001, p = 0.25
Cross sectional
Hirsch et al. 1998 1SAAC Dresden —= 123 [1.10;1.37]
Janssenetal 2003 ISAAC Southwestern Metherlands 1.20 [0.75;1.91]
Svendsen et al. 2012 El Paso Children's Health -T—/ 1.12 [0.93;1.34]
Liu et al. 2016 CCHH Shanghai —— 117 [1.07; 1.30]
Random effects model == 1.19 [1.12;1.26]
Heterogeneity: °= 0%, 7 =0, p = 0.84 | : :

D6 075 1 15

90

Relative Risk per 10 ug.-'m:'
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NO;— ALRI — Children
Sensitivity analysis — reverse selection

NO, - ALRI - Children (<18 years)

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
Hirsch et al. 1999 ISAAC Dresden Annual mean —_ 123 [1.10;1.37] 123%
Janssen et al. 2003 ISAAC Southwestern Metherlands Annual average current year 120 [0.75;1.91] 1.5%
Morgenstern et al. 2007 GINI, LISA: Munich Annual average at birth , 1.14 [0.71;1.83] 1.5%
Karr et al. 2009 Georgia Air Basin Birth Cohort Cumulative average =] 1.06 [1.02;1.09] 193%
Svendsen et al. 2012 El Paso Children's Health Average recent i 1.12 [0.93;1.34] 7.2%
Aguilera et al. 2013 INMA Average first year B 1.03 [095 111] 153%
Pedersen et al. 2013 EDEN Entire pregnancy —_— 095 [0.75;1.21] 49%
Macintyre et al. 2014 ESCAPE Annual average at birth —_ 1.30 [1.02; 1.65] 4 8%
Ranzi et al. 2014 GASPI Cumulative average — 095 [0.77;1.18] 58%
Liuetal 2016 CCHH Shanghai Cumulative average —'— 122 [113;1.33] 148%
Madsen et al. 2017 MoBa Entire pregnancy T 1.05 [095;117] 126%
Random effects model = 1.10 [1.03; 1.17] 100.0%

Prediction interval I [0.93; 1.30]
Heterogeneity: 12 = 56%, <> = 0.0046, p = 0.01 ' I ' !
06 075 1 1.5 2
Relative Risk per 10 |.Jgfm3

Recent years > cumulative average > first year of life > at birth > pregnancy
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EC- ALRI - Children
Primary meta-analysis

Study

Janssen et al. 2003
Maorgenstern et al. 2007
Karr et al. 2009
Macintyre et al. 2014

Random effects model
Prediction interval

Heterogeneity: o= 84%, 2

EC - ALRI - Children (<18 years)

Chapter 9 Additional Materials

Study Name Exposure window Pollutant Relative Risk RR 95%-Cl Weight
ISAAC Southwestern Netherlands Annual average current year BS * * 1.31 [0.45;3.83] 108%
GINI, LISA: Munich Annual average at bith  PM2.5 abs 122 [046;3.26] 12.3%
Georgia Air Basin Birth Cohort Cumulative average BC - : 099 [096;1.02] 421%
ESCAPE Annual average at birth  PM2.5 abs - 1.87 [1.39,251] 34.7%
—_— 1.30 [0.78; 2.18] 100.0%
[0.28:6.13]
=01032, p = 0.01 r '
07 1 15

92

Relative Risk per 1 ug1m3
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EC — ALRI — Children
Subgroup analysis — region

Study Study Name Relative Risk RR 95%-Cl

North America

Karr et al. 2009 Georgia Air Basin Birth Cohort -+ 0.99 [0.96;1.02]
Western Europe

Janssen et al. 2003 ISAAC Seuthwestern Netherlands * * 131 [0.45; 3.83]
Morgenstern et al. 2007 GINI, LISA: Munich - > 122 [0.45; 3.26]
Macintyre et al. 2014 ESCAPE — 1.87 [1.3%; 2.51]
Random effects model — e N r—— 1.77 [1.16; 2.69]
Heterogeneity: .'2 = 0%, 1'2 =0,p=081 - : ;

07 1 15 3
Relative Rizk per 1 |.|gs'n'|:I
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EC — ALRI — Children
Subgroup analysis — traffic specificity

Study Study Name Relative Risk RR 95%-Cl
High

Morgenstern et al. 2007 GIMI, LISA: Munich - > 1.22 [0.46; 3.26]
Karr et al. 2008 Geoargia Air Basin Birth Cohort = 0.99 [0.96; 1.02]

Maclntyre et al. 2014 ESCAPE %;}8? [1.39; 2.51]
Random effects model 31 [0.53; 3.20]
Heterogeneity: ©° = 89%, ©° = 0.1274, p = 0.01

Moderate
Janssen et al. 2003 ISAAC Southwestern Metherlands 1.31 [0.45; 3.83]

ri 1 1 1
0.7 1 1.5 3
Relative Risk per 1 pg/m™
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EC — ALRI — Children

Subgroup analysis notes:

Year of publication: Jansen 2003 and Morgenstern before 2008
Smoking adjustment: All corrected for smoking
Study design: Karr 2009 case-control; Jansen 2003 cross-sectional, the other two cohorts
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Distance measures — ALRI — Adults

Distance measures - ALRI - Adults

Reference Study Name Categories RR 95% CI
Carey et al. 2016 CPRD London | <100 vs. 250 m 1.06 [0.98, 1.14]
Carey et al. 2016 CPRD London | 100-250vs. =250 m  1.03  [0.96, 1.11]

T T T
0.9 1 12
Relative Risk
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Distance measures — ALRI — Children

Distance measures - ALRI - Children (<18 years)

Reference Study Name Categories RR 95% CI

van Vliet et al. 1997 South Holland Respiratory Survey * <100wvs. 100-1000 m  0.99 [0.39, 2.52]
Yang et al. 2002 Kaochsiung Respiratory Survey | 180 vs. 1500 m 095 [0.88.1.12]
Morgenstern et al. 2007 GIMI, LISA: Munich - <50 wvs. =50 m 1.15  [0.87,1.53]
Ranzi et al. 2014 GASPI = <86.1vs. » B6.1 m 1.03  [0.72, 1.48]
Rice et al. 2015 VIVA L] <100 vs. =1000 m 1.38  [1.11,1.63]
Lee et al. 2018 CHEER . <75 vs. =700 m 112 [0.71, 1.79]
Lee et al. 2018 CHEER = 75-T00 vs. =700 m 117 [0.81, 1.68]

T T T

0 1 2

Relative Risk
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Density measures — ALRI — Adults

Density measures - ALRI - Adults

Reference Study Name Per Increment/Categories RR 95% CI
Carey et al. 2016 CPRD London | =100000 heavy vehicle-kmfyear vs. none  1.01  [0.91, 1.11]
Carey et al. 2016 CPRD London | =100000 heavy vehicle-kmfyear vs. none  1.03  [0.95, 1.12]

T T T
0 1 2
Relative Risk
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Density measures — ALRI - Children

Density measures - ALRI - Children (<18 years)

Reference Study Name Per Increment/Categories RR 95% CI
van Vliet et al. 1997  South Holland Respiratory Survey N high vs. low car volume 0.76 [0.28, 2.08]
van Vliet et al. 1997  South Holland Respiratory Survey N high ws. low truck volume 143 [0.52, 3.91]
Lindgren et al. 2013 Scania Birth Cohort 05/11 | <8640 vs. >8640 vehicles/day 0.70  [0.60, 0.90]
MaclIntyre et al. 2014 ESCAPE | 4000 vehicle-km/day 121 [1.09, 1.34]

I I I
0 1 2
Relative Risk
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9.5 Incidence of chronic obstructive pulmonary disease (COPD)

Meta—analysis overview

1.57
= -
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=459
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o A
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o
= m 103 m 103
8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o ——— m 09
TR — 1
2
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o
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o 0.6
o

Number of studies in meta-analyses
74 3 4
NO» NO,, PM, 5

Footnote: The following increments were used: 10 pg/m? for NO,, 20 pug/m3 for NOx and 5 pg/m? for PM,s. Effect estimates cannot be directly compared
across the different traffic—related pollutants because the selected increments do not necessarily represent the same contrast in exposure.
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NO; - Incidence of COPD - Adults
Primary meta-analysis

Study Study Name Relative Risk RR 95%-Cl Weight
Andersen et al. 2011 DDCH e 114 [1.04;126] 14.9%
Ganetal 2013 Vancouver Administrative —= 1.00 [095;105] 180%
Schikowski et al. 2014 ESCAPE —_— 0.99 [0.86;1.13] 11.9%
Atkinson et al. 2015 CPRD T 1.03 [096;1.10] 17.0%
Carey etal 2016 CPRD London —"— 098 [082;118] 90%
Weichenthal et al. 2017 ONPHEC e 114 [1.09;1.20] 184%
Salimi et al. 2018 45 and Up Study _— 0.84 [0.72;0.97] 10.8%
Random effects model : 1.03 [0.94; 1.13] 100.0%
Prediction interval _{!} [0.81; 1.30]

Heterogeneity: 12 = 79%, =2 = 0.0071, p < 0.01 ! J ! 5
07 08 1 1.25
Relative Risk per 10 ugfm3
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NO; — Incidence of COPD — Adults

Chapter 9 Additional Materials

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain —

low/moderate vs high

Study Study Name Relative Risk
Lowi/Moderate
Andersen etal. 2011 DDCH _—
Schikowski et al. 2014 ESCAPE _—
Atkinson et al. 2015 CPRD o
Carey et al. 2016 CPRD London
Weichenthal et al. 2017 ONPHEC -
Salimi et al. 2018 45 and Up Study —_—
Random effects model —enE
Heterogeneity: /* = 7%, © = 0.0094, p =< 0.01
High
Gan etal. 2013 Vancouver Administrative =
f T i T 1
07 0.8 1 1.25

102

Relative Rizk per 10 |.|gs'n'|:I

RR 95%-Cl

1.14 [1.04; 1.26]
0.99 [0.86;1.13]
1.03 [0.96; 1.10]
0.98 [0.82;1.18]
114 [1.09; 1.20]
0.84 [0.72;0.97]
1.03 [0.91;1.16]

1.00 [0.95; 1.05]
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NO; — Incidence of COPD — Adults
Subgroup analysis — region

Study Study Name Relative Risk RR 95%-Cl
North America |

Gan etal. 2013 Vancouver Administrative — 1.00 [0.95; 1.05]
Weichenthal et al. 2017 OMNPHEC | - 1.14 [1.09; 1.20]

Western Europe

Andersen etal. 2011 DDCH —  1.14 [1.04;1.26]
Schikowski et al. 2014 ESCAPE —_— 0.99 [0.86;1.13]
Atkinson et al. 2015 CPRD - 1.03 [0.95; 1.10]
Carey et al. 2016 CPRD London 0.98 [0.82;1.18]
Random effects model —=sEE—— 1.05 [0.94;1.17]

Heterogeneity: /° = 34%, t° = 0.0018, p = 0.21

Australia/New Zealand
Salimi et al. 2018 45 and Up Study e p— 0.84 [0.72; 0.97]

I 1 1 LI
0T 0.8 1 1.25
Relative Risk per 10 |.|g.n'n1:l

Subgroup analysis — year of publication
All post 2008
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NO; — Incidence of COPD — Adults
Subgroup analysis — traffic specificity

Study Study Name
High
Andersen etal. 2011 DDCH

Gan etal. 2013

Schikowski et al. 2014 ESCAPE
Careyetal. 2016 CPRD London
Weichenthal et al. 2017 ONPHEC

Salimi et al. 2018
Random effects model
Heterogeneity: /° = 82%, t = 0.0097, p < 0.01

45 and Up Study

Moderate

Atkinson et al. 2015 CFRD

Vancouver Administrative

Relative Risk

I
07

104

T |
0.8 1
Relative Risk per 10 |.|gs'n'|:I

I
1.25

RR 95%-Cl

1.14 [1.04; 1.26]
1.00 [0.95; 1.05]
0.99 [0.86;1.13]
0.98 [0.82; 1.18]
1.14 [1.09; 1.20]
0.84 [0.72;0.97]
1.02 [0.91;1.15]

1.03 [0.96;1.10]
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NO; — Incidence of COPD — Adults
Subgroup analysis — smoking adjustment

Study Study Name Relative Risk RR  95%Cl
Yes
Andersen etal. 2011 DDCH —— 114 [1.04; 1.26]
Schikowski et al. 2014 ESCAPE —_— 0.99 [0.86;1.13]
Atkinson et al. 2015 CPRD -}-— 1.03 [0.96; 1.10]
Careyetal. 2016 CPRD London s 0.98 [0.82;1.18]
Salimi et al. 2018 45 and Up Study —_— 0.84 [0.72;0.97]
Random effects model 1.00 [0.87;1.15]
Heterogeneity: | = 68%, t = 0.0083, p = 0.02
No
Gan etal. 2013 Vancouver Administrative - 1.00 [0.95; 1.05]
Weichenthal et al. 2017 ONPHEC | —_ 114 [1.09; 1.20]
I 1 1 I 1
06 075 1 15 2

Relative Risk per 10 |.|gs'n'|:I
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NOx - Incidence of COPD — Adults
Primary meta-analysis

NOy - Incidence of COPD

Study Study Name
Andersen et al. 2011 DDCH
Schikowski et al. 2014 ESCAPE
Carey etal. 2016 CPRD London

Random effects model
Prediction interval

Relative Risk

—_—

~—%T!——J-;—¥_—— 1.03
1

RR

1.08
0.97
0.99

Heterogeneity: /2 = 31%, t° = 0.0017, p = 0.24
08

09 1 8/
Relative Risk per 20 ug;frn3
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1.2

95%-Cl Weight

51.3%
25.5%
23.2%

[1.01; 1.16]
[0.85; 1.10]
[0.86; 1.13]

[0.88; 1.20] 100.0%
[0.51 2.07]
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PM3s — Incidence of COPD — Adults

Primary meta-analysis

PM; 5 - Incidence of COPD

Study Study Name
Vancouver Administrative
ESCAPE
CPRD
45 and Up Study

Ganetal 2013
Schikowski et al. 2014
Atkinson et al. 2015
Salimi et al. 2018

Random effects model
Prediction interval
Heterogeneity: I° = 60%, = = 0.0253, p = 0.06

Relative Risk

—_—

T
04

107

T I T
08 1 125
Relative Risk per 5 |,Jgfm3

RR  95%-Cl Weight
1.06 [0.94;1.21] 38.6%
0.73 [051;1.04] 19.7%
0.98 [0.84,1.15] 355%
048 [022:104] 63%

0.91 [0.62; 1.36] 100.0%
[0.38; 2.18]

Chapter 9 Additional Materials



Chapter 9 Additional Materials

PM,.s — Incidence of COPD — Adults

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain —
low/moderate vs high

Study Study Name Relative Risk RR a5%-Cl
Low/Moderate

Schikowski et al. 2014 ESCAPE _— 0.73 [0.51; 1.04]
Atkinson et al. 2015 CFRD — = 0.98 [0.84;1.15]

Salimi etal. 2018 45 and Up Study 0.48 [0.22;1.04]
Random effects model (gzﬁﬁ— [0.38; 1.70]
Heterogeneity: /= 61%, T = 0.0497, p = 0.08

High
Gan et al. 2013 Vancouver Administrative Te=— 1.06 [0.94;1.21]

0.4 0.8 1 1.251.4
Relative Risk per 5 pg/m™
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PM3.s — Incidence of COPD — Adults
Subgroup analysis — smoking adjustment

Study Study Name
Yes

Schikowski et al. 2014 ESCAPE
Atkinson et al. 2015 CPRD

Salimi et al. 2018 45 and Up Study
Random effects model

Heterogeneity: f* = 61%, t° = 0.0497, p = 0.08

No

Relative Risk

-—

Gan etal 2013 Vancouver Administrative

—

I
0.6

109

1
0.75

1 1
1 1.5
Relative Risk per 5 ug.-'m]

RR

073
0.98
0.48
0.80

1.08

95%-Cl

[0.51; 1.04]
[0.84; 1.15]
[0.22; 1.04]
[0.38; 1.70]

[0.94; 1.21]
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PM,.s — Incidence of COPD — Adults

Subgroup analysis — region
Gan 2013 North America; Schikowski 2014 and Atkinson 2015 Western Europe, and Salimi 2018 Australia/New Zealand

Subgroup analysis — year of publication
All post 2008

Subgroup analysis — traffic specificity
All moderate
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Distance measures — Incidence of COPD — Adults

Distance measures - Incidence of COPD

Chapter 9 Additional Materials

Reference Study Name Per Increment/Categories RR 95% CI

Andersen et al. 2011 DDCH [ | 5800 vehicle-km/day 1.01 [0.97,1.05]
Schikowski et al. 2014 ESCAPE - 4000 vehicle-km/day 126 [0.96, 1.67]
Carey et al. 2016 CPRD London u =100000 heavy vehicle-km/year vs. none 094 [0.86, 1.03]
Carey et al. 2016 CPRD London 4] =100000 heavy vehicle-km/year vs. none 096 [0.89, 1.03]

0e 0.3 1 1.2 14
Relative Risk
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Density measures — Incidence of COPD — Adults

Density measures - Incidence of COPD

Chapter 9 Additional Materials

Reference Study Name Per Increment/Categories RR  95% CI
Andersen et al. 2011 DDCH ] 5800 vehicle-km/day 1.01 [097,1.05]
Schikowski etal. 2014 ESCAPE . 4000 vehicle-km/day 126 [096,167]
Carey et al. 2016 CPRD London | =100000 heavy vehicle-kmfyearvs. none 094 [0.86, 1.03]
Carey et al. 2016 CPRD London | =100000 heavy vehicle-kmfyearvs. none 096 [0.89, 1.03]
I I T T
05 1 1.4 1.8
Relative Risk
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9.6 Prevalence of active wheeze

Meta-analysis overview — Children (<18)

1.501

1.257 m 2

1,004 M- 0,0 R IR R S S SO S
; m 09

©
~
i

Relative Risk (95% Confidence Interval)

Number of studies in meta-analyses
21 5] 4 4 4

NO, NO, EC PMo PM, 5

Footnote: The following increments were used: 10 pg/m? for NO,, 20 pg/m3 for NOy, 1 pg/m? for EC, 10 pg/m3 for PMyo and 5 pg/m3 for PM, 5. Effect
estimates cannot be directly compared across the different traffic—related pollutants because the selected increments do not necessarily represent the
same contrast in exposure.
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NO; — Prevalence of active wheeze — Children

Primary meta-analysis

Study

Pikhart et al. 1997
Hirsch et al. 1999
Kramer et al. 2000
Janssen et al. 2003
Kramer et al. 2009
Oftedal et al. 2009
Rosenlund et al. 2009
Gehring et al. 2010
Pan et al 2010

Pénard-Morand et al. 2010

Ebisu et al. 2011
Svendsen et al 2012
Altug et al 2013
Liuetal 2013
Abidin et al. 2014
Delletal 2014
Liuetal 2014
Wood et al. 2015
Deng et al. 2016
Madsen et al. 2017
Knibbs etal. 2018

Random effects model
Prediction interval

NO, - Prevalence of wheeze 12 months - Children (<18 years)

Study Name

SAVIAH
ISAAC Dresden
Disseldorf School Survey

ISAAC Southwestern Metherlands

GINI, LISA” Wesel
Oslo Birth Cohort
ISAAC Rome
PIAMA
Liaoning Survey 2002
French Six Cities
Yale Childhood Asthma Study
El Paso Children's Health
ISAAC Eskisehir
SNEC Kindergarten
ISAAC Malaysia
T-CHEQ
SNEC
ISAAC East London
CCHH Changsha
MoBa
ACHAPS

Heterogeneity: /° = 41%, t> = 0.0012, p = 0.03

Exposure window

Annual average current year
Annual mean
Annual average current year
Annual average current year
Cumulative average
Annual average at birth
Exposure in 2000-2001 (recent year)
Annual average at birth
Four year average at baseline
Annual average current year
Average first year
Average recent
Annual average current year
Three year average at baseline
Annual average current year
Average first year
Three year average at baseline
Annual average current year
Entire pregnancy
Entire pregnancy
Previous year annual average

05

114

Relative Risk

—_—

—_—

-+

I
1
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RR 95%-Cl Weight

098 [0.82,1.18] 3.3%
113 [093;1.37] 3.0%
170 [0.90;320] 0.3%
137 [1.00,189] 1.2%
061 [036:103] 04%
101 [090;112] 7.5%
1.00 [065,154] 06%
101 [087,117] 47%
095 [091:100] 187%
119 [092,152] 19%
112 [099,127] 6.0%
004 [080;110] 42%
092 [080;107] 47%
096 [0.82,1.12] 4.3%
190 [1.02,353 0.3%
095 [0.83;1.16] 3.9%
002 [084:101] 95%
110 [0.78;157] 1.0%
097 [0.851.11] 54%
102 [097;1.07] 17.9%
134 [099;,182] 1.3%

1.00 [0.96; 1.05] 100.0%
[0.92; 1.09]

2 25
Relative Risk per 10ugfm3



NO; — Prevalence of active wheeze— Children
Funnel plot
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Standard Error
0.20 0.15 0.10 005 0.00
| | | | |

025
|

030
|

Egoger's test p-wajue= 0.064

0.8

1.0

Relative Risk

1.2

1.4

Footnote: The vertical lines in the funnel plots represent the pooled fixed and random effect estimates. The vertical dashed line in the middle of the funnel
shows the fixed effect estimate. As the Panel applied a random—effects model, the funnel plot also presents the random—effects estimate with the dotted

line.
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NO; — Prevalence of active wheeze — Children
Trim and fill

Study Relative Risk RR 95%-Cl Weight
Pikhart et al. 1997, SAVIAH — 098 [082;1.18] 3.3%
Hirsch et al. 1999, ISAAC Dresden T 1.13 [0.93;1.37] 29%
Kramer et al. 2000, Dusseldorf School Survey S 170 [090;320] 03%

Janssen et al. 2003, ISAAC Southwestern Netherlands
Kramer et al. 2009, GINI, LISA: Wesel

Oftedal et al. 2009, Oslo Birth Cohaort

Rosenlund et al. 2009, ISAAC Rome

Gehring etal. 2010, PIAMA 101 [087;117] 46%
Pan et al. 2010, Liaoning Survey 2002 0.95 [091;,1.00] 17.7%

[ 137 [1.00;189] 12%
—]i—
Pénard-Morand et al. 2010, French Six Cities 119 [092;152] 1.9%
Ebisuetal 2011, Yale Childhood Asthma Study 112 [099;127] 59%
_'._

0.61 [0.36;1.03] 0.4%
101 [0.90;112] 7.3%
100 [0.65,154] 0.6%

Svendsen et al. 2012, El Paso Children's Health 094 [080;110] 41%
Altug et al. 2013, ISAAC Eskisehir 092 [080;107] 46%
Liu et al. 2013, SNEC Kindergarten 096 [082;112] 42%
Abidin et al. 2014, ISAAC Malaysia 190 [1.02;353] 03%
Delletal 2014, T-CHEQ 098 [083;116] 38%
Liuetal 2014, SNEC 092 [084;101] 92%
Wood et al. 2015, ISAAC East London 1.10 [0.78;1.57] 1.0%
Deng et al. 2016, CCHH Changsha 097 [085 111 53%
Madsen et al. 2017, MoBa 1.02 [097;1.07] 17.0%
Knibbs et al. 2018, ACHAPS 1.34 [0.99;182] 1.3%
Filled: Knibbs et al. 2018, ACHAPS ] 072 [053;098] 1.3%
Filled: Janssen et al. 2003, ISAAC Southwestern Netherlands — 0.71 [0.52; 098] 12%
Filled: Kramer et al. 2000, Disseldorf Schoaol Survey = 057 [030;108 03%
Filled: Abidin et al. 2014, ISAAC Malaysia —_— 0.51 [0.28;095] 0.3%

Random effects model ; 0.99 [0.94; 1.04] 100.0%
Prediction interval [0.90; 1.08]
Heterogeneity I° = 51%, ©> = 0.0013, p < 0.01

05 1 2

Relative Risk per 10 ugfmg
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NO; — Prevalence of active wheeze — Children

NO, - Prevalence of active wheeze - Children (<18 years)

Study RR  95%Cl Weights
Pikhart et al. 1997, SAVIAH 0.98 [0.82, 1.18] 3.30
Hirsch et al. 1999, ISAAC Dresden 1.13 [0.93, 1.37] 2.95
Kramer et al. 2000, Diisseldorf School Survey 1.70 [0.90, 3.20] 0.31
Janssen et al. 2003, ISAAC Southw estern Netherlands 1.37 [1.00, 1.89] 1.16
Kramer et al. 2009, GINI, LISA: Wesel 0.61 [0.36, 1.03] 0.44
Oftedal et al. 2009, Oslo Birth Cohort E o a— 1.01 [0.90, 1.12] 7.47
Rosenlund et al. 2009, ISAAC Rome 1.00 [0.65, 1.54] 0.65
Gehring et al. 2010, PAMA 1.01 [0.87,1.17] 4.69
Pan et al. 2010, Liaoning Survey 2002 —— 0.95 [0.91,1.00] 18.72
Pénard-Morand et al. 2010, French Six Cities 1.19 [0.92, 1.52] 1.88
Ebisu et al. 2011, Yale Childhood Asthma Study 1.12 [0.99, 1.27] 6.03
Svendsen et al. 2012, H Paso Children’s Health 0.94 [0.80, 1.10] 4.19
Altug et al. 2013, ISAAC Eskisehir 0.92 [0.80, 1.07] 4.67
Liu et al. 2013, SNEC Kindergarten 0.96 [0.82,1.12] 4.30
Abidin et al. 2014, ISAAC Malaysia 1.90 [1.02, 3.53] 0.32
Dell et al. 2014, T-CHEQ 0.98 [0.83, 1.16] 3.87
Liu et al. 2014, SNEC — 0.92 [0.84, 1.01] 9.53
Wood et al. 2015, ISAAC East London 1.10 [0.78, 1.57] 0.99
Deng et al. 2016, CCHH Changsha e E— 0.97 [0.85, 1.11] 5.39
Madsen et al. 2017, MoBa —a— 1.02 [0.97,1.07] 17.87
Knibbs et al. 2018, ACHAPS 1.34 [0.99, 1.82] 1.28
Pooled Est. 1.00 [0.96,1.05] 100%
Trim-n-fill Pooled est 0.99 [0.94, 1.04]
T T T 1
0.7 1 1.5 2

Nimputed studies= 4 Relative Risk per 10 pg/m’
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NO; — Prevalence of active wheeze — Children
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Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain —

low/moderate vs high

Study Study Name Relative Risk
Low/Moderate

Hirsch et al. 1999 1SAAC Dresden p—
Kramer et al. 2000 Diisseldorf School Survey >
Janssen et al. 2003 ISAAC Southwestern Metherlands —
Kramer et al. 2009 GINI, LISA: Wesel —

Oftedal et al. 2009 Oslo Birth Cohort T

Rosenlund et al. 2009 ISAAC Rome ——————
Gehring et al. 2010 PIAKA

Pénard-Morand et al. 2010 French Six Cities L
Ebisu et al. 2011 Yale Childhood Asthma Study —
Svendsen et al. 2012 El Paso Children's Health —_—r

Altud et al. 2013 ISAAC Eskisehir

Liu etal. 2013 SMNEC Kindergarten
Abidin et al. 2014 ISAAC Malaysia
Dell et al. 2014 T-CHEQ

Liu etal. 2014 SMNEC
Wood et al. 2015 ISAAC East Londaon
Madsen et al. 2017 MoBa

Knibbs et al. 2018
Random effects model
Heterogeneity: /° = 42%, ° = 0.0016, p = 0.03

ACHAPS

High

Pikhart et al. 1997

Pan et al. 2010

Deng et al. 2016
Random effects model
Heterogeneity: .fz = 0%, r2 =0,p=095

SAVIAH
Liaoning Survey 2002
CCHH Changsha

0.5
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1
Relative Risk per 10 |.|g.n'n1:I

2.5

RR

1.13
170
137
0.61
1.01
1.00
1.01
1149
112
0.94
0.92
0.96
1.90
0.98
0.92
110
1.02
1.34
1.02

0.98
0.95
0.97
0.96

95%-Cl

[0.93; 1.37]
[0.90; 3.20]
[1.00; 1.89]
[0.36; 1.03]
[0.90; 1.12]
[0.65; 1.54]
[0.87; 1.17]
[0.92; 1.52]
[0.99; 1.27]
[0.80; 1.10]
[0.80; 1.07]
[0.82; 1.12]
[1.02; 3.53]
[0.83; 1.16]
[0.84; 1.01]
[0.78; 1.57]
[0.97; 1.07]
[0.99; 1.82]
[0.96; 1.08]

[0.82;1.18]
[0.91; 1.00]
[0.85; 1.11]
[0.94; 0.98]



NO; — Prevalence of active wheeze — Children

Sensitivity analysis — risk of bias selection bias domain — low/moderate vs high

Study Study Name
Low/Moderate

Pikhart et al. 1997 SAVIAH

Hirsch et al. 1999 ISAAC Dresden
Kramer et al. 2000 Disseldorf School Survey
Janssenetal 2003 ISAAC Southwestern Netherlands
Kramer et al. 2009 GIMI, LISA: Wesel
Oftedal et al. 2009 Oslo Birth Cohort
Rosenlund et al. 2009 ISAAC Rome
Gehring et al. 2010 PLAMA

Pan etal. 2010 Liaoning Survey 2002
Pénard-Morand et al. 2010 French Six Cities
Ebisu etal. 2011 Yale Childhood Asthma Study
Svendsen et al. 2012 El Paso Children’s Health
Altug et al. 2013 ISAAC Eskisehir

Liu et al. 2013 SMEC Kindergarten
Abidin et al. 2014 ISAAC Malaysia

Dell et al. 2014 T-CHEQ

Liu et al. 2014 SNEC

Madsen et al. 2017 MoBa

Knibbs etal. 2018 ACHAPS

Random effects model
Heterogeneity: I* = 46%, ©° = 0.0015, p = 0.01

High
Wood et al. 2015 ISAAC East London
Deng et al. 2016 CCHH Changsha
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Relative Risk

0.5

Relative Risk per 10 ug.fm:'

25

RR

0.98
1.13
1.70
1.37
0.61
1.01
1.00
1.01
0.95
1.19
1.12
0.94
0.82
0.96
1.90
0.98
0.92
1.02
1.34
1.00

1.10
0.97

95%-Cl

[0.82; 1.18]
[0.93; 1.37]
[0.90; 2.20]
[1.00; 1.89]
[0.36; 1.03]
[0.90; 1.12]
[0.65; 1.54]
[0.87; 1.17]
[0.9; 1.00]
[0.92; 1.52]
[0.99; 1.27]
[0.80; 1.10]
[0.80; 1.07]
[0.82; 1.12]
[1.02; 3.53]
[0.83; 1.16]
[0.84; 1.01]
[0.97; 1.07]
[0.99; 1.82]
[0.95: 1.05]

[0.78; 1.57]
[0.85; 1.11]
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NO; — Prevalence of active wheeze — Children
Sensitivity analysis — risk of bias outcome measurement domain — low/moderate vs high

Study Study Name Relative Risk RR 95%-Cl
Low/Moderate

Pikhart et al. 1997 SAVIAH —_— 0.98 [0.82;1.18]
Hirsch et al. 1999 ISAAC Dresden -T- 1.13 [0.93; 1.37]
Kramer et al. 2000 Disseldorf School Survey * 1.70 [0.90; 3.20]
Janssenetal 2003 ISAAC Southwestern Metherlands ———— 1.37 [1.00;1.88]
Kramer et al. 2009 GIMI, LISA: Wesel — 0.61 [0.36;1.03]
Oftedal et al. 2009 Oslo Birth Cohort - 1.01 [0.90; 1.12]
Rosenlund et al. 2009 ISAAC Rome 1.00 [0.65; 1.54]
Gehring et al. 2010 PIAMA — 1.01 [0.87;1.17]
Pan etal. 2010 Liaoning Survey 2002 - 0.95 [0.91;1.00]
Pénard-Morand et al. 2010 French Six Cities T 1.19 [0.92;1.52]
Ebisu et al. 2011 Yale Childhood Asthma Study [ 1.12 [0.99; 1.27]
Svendsen et al. 2012 El Paso Children’s Health e 0.94 [0.80;1.10]
Altug et al. 2013 ISAAC Eskisehir — 0.92 [0.80;1.07]
Liu et al. 2013 SMEC Kindergarten -1 0.96 [0.82;1.12]
Abidin et al. 2014 ISAAC Malaysia —_—r— 1.90 [1.02; 3.53]
Dell et al. 2014 T-CHEQ —_— 0.98 [0.83;1.16]
Liu et al. 2014 SNEC - 0.92 [0.84;1.01]
Deng et al. 2016 CCHH Changsha e 0.897 [0.85;1.11]
Madsen et al. 2017 MoBa = 1.02 [0.97;1.07]
Knibbs etal. 2018 ACHAPS I—'— 1.34 [0.99;1.82]
Random effects model 1.00 [0.95;1.05]
Heterogeneity: I = 43%, © = 0.0012, p = 0.02

High

Wood et al. 2015 ISAAC East London Nl 1.10 [0.78; 1.57]

I T T 1
0.5 1 2 25
Relative Risk per 10 ug.fm:'
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NO; — Prevalence of active wheeze — Children
Subgroup analysis — region

Study

North America

Ebisu et al. 2011
Svendsen et al. 2012
Dell etal. 2014
Random effects model

Heterogeneity: I° = 40%, 7= 0.0041, p =0.19

Western Europe
Hirsch etal. 1999
Kramer et al. 2000
Janssen etal. 2003
Rosenlund et al. 2008
Oftedal et al. 2009
Kramer etal. 2009
Gehring etal. 2010
Pénard-Morand et al. 2010
Wood etal. 2015
Madsen etal. 2017
Random effects model

Heterogeneity: I° = 25%, 7= <0.0001, p = 0.21

Asia

Pan etal. 2010

Altud etal. 2013

Liu etal. 2013

Liu etal 2014

Abidin etal. 2014
Dengetal. 2016
Random effects model

Heterogeneity: 1° = 10%, T = <0.0001, p = 0.35

Australia/New Zealand
Knibbs et al. 2018

Eastern Europe
Pikhart et al. 1997

Study Name Relative Risk
Yale Childhood Asthma Study e
ElPaso Children's Health -1
T-CHEQ Q;:—
ISAAC Dresden T+
Disseldor School Survey -t
ISAAC Southwestern Netherlands —'—
ISAAC Rome —
Oslo Birth Cohort -
GINI, LISA: Wesel L —
PIAMA b
French Six Cities T
ISAAC East London s e —
MoBa -'J:;
Liaoning Survey 2002 -+
ISAAC Eskisehir —=T
SMEC Kindergarten —_—
SNEC =
ISAAC Malaysia N
CCHH Changsha i
ACHAPS | e e—
SAVIAH -
T T T 1
0.5 1 2 125
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Relative Risk per 10 ug.n’m]

RR

112
0.94
098
1.02

113
170
137
1.00
101
061
101
119
110
1.02
1.03

095
092
0.96
092
1.90
0.97
0.95

134

09

@

95%-Cl

[0.99;1.27]
[0.80;1.10]
[0.83;1.16]
[0.81;1.29]

[0.93,1.37]
[0.90;3.20]
[1.00;1.29]
[0.65; 1.54]
[0.90,1.12]
[0.36,1.03]
[0.87,1.17]
[0.92;1.52]
[0.78,1.57]
[0.97;,1.07]
[0.98; 1.09]

10.94;1.00]
0.80;1.07]
0.821.12]
0.84;1.01]
[1.02;3.53]
0.85:1.11]
[0.90; 1.00]

[0.99;1.82]

[0.82;1.18]
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NO; — Prevalence of active wheeze — Children
Subgroup analysis — year of publication

Study Study Name Relative Risk RR 95%-Cl
Before 2008
Pikhart et al. 1997 SAVIAH -—= 0.98 [0.82;1.18]
Hirsch et al. 1999 ISAAC Dresden T 1.13 [0.93; 1.37]
Kramer et al. 2000 Disseldorf School Survey 1.70 [0.90; 3.20]
Janssen etal 2003 ISAAC Southwestern Metherlands ——— 1.37 [1.00;1.84]
Random effects model == 1.15 [0.85;1.54]
Heterogeneity: [* = 43%, ©° = 0.0126, p = 0.16
After 2008
Rosenlund et al. 2009 ISAAC Rome 1.00 [0.65;1.54]
Oftedal et al. 2009 0Oslo Birth Cohort — 1.01 [0.90;1.12]
Kramer et al. 2009 GIMI, LISA: Wesel — " 0.61 [0.36;1.03]
Gehring et al. 2010 PIAMA —_— 1.01 [0.87;1.17]
Pénard-Morand et al. 2010 French Six Cities E 1.19 [0.92;1.52]
Pan etal. 2010 Liaoning Survey 2002 - 0.95 [0.91;1.00]
Ebisu etal. 2011 Yale Childhood Asthma Study | 1.12 [0.99; 1.27]
Svendsen et al. 2012 El Paso Children's Health s 0.94 [0.80;1.10]
Altug et al. 2013 ISAAC Eskisehir -_ 0.92 [0.80;1.07]
Liu et al. 2013 SMEC Kindergarten —= 0.96 [0.82;1.12]
Dell et al. 2014 T-CHEQ —_— 0.98 [0.83;1.16]
Liu et al. 2014 SNEC — 0.82 [0.84;1.01]
Abidin et al. 2014 ISAAC Malaysia —_—r 1.90 [1.02; 3.53]
Wood et al. 2015 ISAAC East London -_—t 1.10 [0.78; 1.57]
Deng et al. 2016 CCHH Changsha — 0.97 [0.85;1.11]
Madsen et al. 2017 MoBa = 1.02 [0.97;1.07]
Knibbs etal. 2018 ACHAPS 1.34 [0.99;1.82]
Random effects model 0.99 [0.95;1.03]
Heterogeneity: I° = 37%, © = 0.0009, p = 0.06 | | —

0.5 1 2 25

Relative Risk per 10 ug.fm:'
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NO; — Prevalence of active wheeze — Children
Subgroup analysis — traffic specificity

Study Study Name Relative Risk RR 95%-CI
High |

Fikhart et al. 1997 SAVIAH —_— 0.98 [0.82;1.18]
Rosenlund et al. 2009 ISAAC Rome 4'7 1.00 [0.65;1.54]
Oftedal et al. 2009 Oslo Birth Cohort —— 1.01 [0.90; 1.12]
Kramer et al. 2008 GINI, LISA: Wesel — 0.61 [0.36;1.03]
Gehring et al. 2010 PIAMA —— 1.01 [0.87;1.17]
Pénard-Morand et al. 2010 French Six Cities - 1.19 [0.92;1.52]
Ebisu etal. 2011 Yale Childhood Asthma Study — 1.12 [0.99;1.27]
Svendsen et al. 2012 El Paso Children's Health s 0.94 [0.80;1.10]
Dell etal. 2014 T-CHEQ —a— 0.98 [0.83;1.16]
Wood etal. 2015 ISAAC East London —|—'— 1.10 [0.78; 1.57]
Madsen et al. 2017 MoBa frciad 1.02 [0.97,1.07]
Knibbs etal. 2018 ACHAPS r'— 1.34 [0.99;1.82]
Random effects model 1.02 [0.98;1.07]
Heterogeneity: /= 9%, © =< 0.0001, p = 0.36

Moderate

Hirsch et al. 1999 ISAAC Dresden - 1.13 [0.93; 1.37]
Kramer et al. 2000 Disseldorf School Survey * 1.70 [0.90; 3.20]
Janssenetal 2003 ISAAC Southwestern Metherlands ————— 1.37 [1.00;1.89]
Pan et al. 2010 Liaoning Survey 2002 ey 0.95 [0.91;1.00]
Altug et al. 2013 ISAAC Eskisehir — 0.92 [0.80;1.07]
Liu et al. 2013 SMEC Kindergarten e 096 [0.82;1.12]
Liu et al. 2014 SHNEC - 0.92 [0.84;1.01]
Abidin et al. 2014 ISAAC Malaysia ——* 190 [1.02;353]
Deng et al. 2016 CCHH Changsha —— 0.97 [0.85;1.11]
Random effects model d 0.96 [0.91;1.02]
Heterogeneity: I° = 51%, © = <0.0001, p = 0.04 | ,
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NO; — Prevalence of active wheeze — Children
Subgroup analysis — smoking adjustment

Study Study Name Relative Risk RR 95%-CI
Yes

Hirsch et al. 1999 ISAAC Dresden - 1.13 [0.93; 1.37]
Janssen etal. 2003 ISAAC Southwestern Netherlands [ 1.37 [1.00;1.89]
Rosenlund et al. 2009 ISAAC Rome 1.00 [0.65; 1.54]
Oftedal et al. 2009 Oslo Birth Cohort —— 1.01 [0.90;1.12]
Kramer et al. 2009 GINI LISA: Wesel — 0.61 [0.36;1.03]
Gehring et al. 2010 PIAMA —_— 1.01 [0.87;1.17]
Pénard-Morand et al. 2010 French Six Cities - 1.19 [0.92;1.52]
Pan et al. 2010 Liaoning Survey 2002 s 0.95 [0.91;1.00]
Ebisu et al. 2011 Yale Childhood Asthma Study —— 1.12 [0.99; 1.27]
Svendsen etal. 2012 El Paso Children’s Health —_— 0.94 [0.80;1.10]
Altug etal. 2013 ISAAC Eskisehir — 0.92 [0.80;1.07]
Liu et al 2013 SMNEC Kindergarten — 096 [0.82;1.12]
Dell etal. 2014 T-CHEQ —_ 0.98 [0.83;1.16]
Liu et al. 2014 SMEC — 0.92 [0.84,1.01]
Abidin et al. 2014 ISAAC Malaysia —— 1.90 [1.0Z; 3.53]
Wood et al. 2015 ISAAC East London e e — 1.10 [0.78;1.57]
Deng et al. 2016 CCHH Changsha s 0.97 [0.85;1.11]
Madsen et al. 2017 MoBa - 1.02 [0.97,1.07]
Random effects model 0.99 [0.95;1.04]
Heterogeneity: /° = 38%, ¢ = 0.0010, p = 0.05

No

Fikhart et al. 1997 SAVIAH - 0.98 [0.82;1.18]
Kramer et al. 2000 Dusseldorf School Survey 1.70 [0.90; 3.20]
Knibbs etal. 2018 ACHAPS | o — 1.34 [0.99;1.82]
Random effects model <|> 1.20 [0.64; 2.26]
Heterogeneity: I° = 60%, © = 0.0393, p = 0.08

I T T 1
0.5 1 2 25
Relative Risk per 10 ug.fm:'
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NO; — Prevalence of active wheeze — Children

Subgroup analysis — study design

Study Study Name

Case-control

Dell et al. 2014 T-CHEQ

Cohort

Oftedal et al. 2009 Oslo Birth Cohort
Kramer et al. 2009 GIMI, LISA: Wesel
Gehring et al. 2010 PIAMA

Ebisu etal. 2011 Yale Childhood Asthma Study
Madsen et al. 2017 MoBa

Random effects model
Heterogeneity: I° = 32%, ©° = < 0.0001, p = 0.21

Cross sectional

Pikhart et al. 1997 SAVIAH

Hirsch et al. 1999 ISAAC Dresden
Kramer et al. 2000 Dusseldorf School Survey
Janssenetal 2003 ISAAC Southwestern Netherlands
Rosenlund et al. 2009 ISAAC Rome
Pénard-Morand et al. 2010 French Six Cities
Pan et al. 2010 Liaoning Survey 2002
Svendsen et al. 2012 El Paso Children’s Health
Altug et al. 2013 ISAAC Eskisehir

Liu et al. 2013 SMEC Kindergarten
Liu et al. 2014 SNEC

Abidin et al. 2014 ISAAC Malaysia
Wood et al. 2015 ISAAC East London
Deng et al. 2016 CCHH Changsha
Knibbs etal. 2018 ACHAPS

Random effects model
Heterogeneity: I = 42%, ¢ = 0.0014, p = 0.04
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Relative Risk
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Relative Risk per 10 ua/m’

RR

1.01
0.61
1.01
1.12
1.02
1.02

0.08
1.13
1.70
1.37
1.00
1.18
0.95
0.94
0.92
0.96
0.92
1.80
1.10
0.97
1.34
0.99
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95%-Cl

[0.83; 1.16]

[0.90; 1.12]
[0.36; 1.03]
[0.87; 1.17]
[0.99; 1.27]
[0.97; 1.07]
[0.96: 1.10]

[0.82; 1.18]
[0.93; 1.37]
[0.90; 2.20]
[1.00; 1.89]
[0.65; 1.54]
[0.92; 1.52]
[0.94; 1.00]
[0.80; 1.10]
[0.80; 1.07]
[0.82; 1.12]
[0.84; 1.01]
[1.02; 3.53]
[0.78; 1.57]
[0.85; 1.11]
[0.99; 1.82]
[0.93: 1.05]
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NO; — Prevalence of active wheeze — Children
Sensitivity analysis — reverse selection

NO, - Prevalence of wheeze 12 months - Children (<18 years)

Study Study Name Exposure Window Relative Risk RR 95%-Cl Weight
Pikhart et al. 1997 SAVIAH Annual average current year : 098 [082;118] 3.5%
Hirsch et al. 1999 ISAAC Dresden Annual mean T 1.13 [0.93; 1.37] 31%
Kramer et al. 2000 Dusseldorf School Survey Annual average current year 1.70 [0.90; 3.20] 0.3%
Janssen et al. 2003 ISAAC Southwestern Netherlands Annual average current year —— 1.37 [1.00;1.89] 1.3%
Kramer et al. 2009 GINI, LISA: Wesel Cumulative average -— 061 [0.36;1.03] 0.5%
Oftedal et al. 2009 Oslo Birth Cohort Annual average at birth - 1.01 [0.90;1.12] 7.7%
Rosenlund et al. 2009 ISAAC Rome Exposure in 2000-2001 (recent year) 4[7 1.00 [0.65;1.54] 0.7%
Gehring et al. 2010 PIAMA Annual average at birth —F 1.01 [0.87;1.17] 4 9%
Pan etal. 2010 Liaoning Survey 2002 Four year average at baseline = 095 [091;1.00] 17.9%
Pénard-Morand et al. 2010 French Six Cities Annual average current year T— 1.19 [0.92;1.52] 2.0%
Ebisu et al. 2011 Yale Childhood Asthma Study Average first year E— 1.12 [0.99;1.27] 6.3%
Svendsen et al. 2012 El Paso Children's Health Average recent —=— 0.94 [0.80;1.10] 4.4%
Altug et al. 2013 ISAAC Eskisehir Annual average current year — 092 [080;1.07] 4 9%
Liuetal 2013 SNEC Kindergarten Three year average at baseline —E— 096 [082;112] 4 5%
Abidinet al. 2014 ISAAC Malaysia Annual average current year I————— 1.90 [1.02;3.53] 0.3%
Dell et al. 2014 T-CHEQ Annual average current year —jE 1.05 [0.89; 1.24] 4 2%
Liuetal 2014 SNEC Three year average at baseline i 092 [084;1.01] 97%
Wood et al. 2015 ISAAC East London Annual average current year I we — 1.10 [0.78; 1.57] 1.1%
Deng et al. 2016 CCHH Changsha Cumulative average —_— 096 [081;113] 41%
Madsen et al. 2017 MoBa Entire pregnancy =] 1.02 [097;1.07] 172%
Knibbs et al. 2018 ACHAPS Previous year annual average 1.34 [0.99;1.82] 1.4%
Random effects model <|> 1.00 [0.96; 1.05] 100.0%
Prediction interval 1 [0.92; 1.10]
Heterogeneity: 1° = 42%, 1> = 0.0014, p = 0.02 J ! :
0.5 1 2 25

Relative Risk per 1Ougfm3

Recent years > cumulative average > first year of life > at birth > pregnancy
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NOx — Prevalence of active wheeze — Children
Primary meta-analysis

NOy - Prevalence of wheeze 12 months - Children (<18 years)

Study Study Name Exposure Window Relative Risk RR 95%-Cl Weight
McConnell et al. 2006 CHS Early life exposure T o= 106 [099 113] 540%
Pénard-Morand et al. 2010 French Six Cities  Annual average current year § 1.11 [0.98;1.26] 16.2%
Gruzieva et al. 2013 BAMSE Average first year N 1.05 [0.93;1.19] 16.1%
Mblter et al. 2015 ESCAPE Cumulative average — 1.01 [0.87.1.17] 11.0%
Wood et al. 2015 ISAAC East London Annual average current year ; 1.00 [0.74;1.35] 27%
Random effects model = 1.06 [1.02; 1.10] 100.0%
Prediction interval — | [1.01; 1.11]

Heterogeneity: = 0%, = 0,p =088
0.7 1 1.5
Relative Risk per 20 ugfm3
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NOx — Prevalence of active wheeze — Children
Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain — low

vs high

Study Study Name
Low

McConnell et al. 2006 CHS
Pénard-Marand et al. 2010  French Six Cities
Mdlter et al. 2015 ESCAPE

Relative Risk

Wood et al. 2015 ISAAC East London
Random effects model

Heterogeneity: .fz = 0%, r2 =0,p=076

High
Gruzieva et al. 2013 BAMSE

. —
—
. ——

i
0.70.75
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1
Relative Risk per 20 ug.n’m]

15

RR

1.06
1.1
1.01
1.00
1.06

4l

(=]

5

95%-Cl

[0.99; 1.13]
[0.98; 1.26]
[0.87; 1.17]
[0.74; 1.35]
[1.01;1.12]

[0.83; 1.19]
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NOx — Prevalence of active wheeze — Children
Sensitivity analysis — risk of bias selection bias domain — low/moderate vs high

Study Study Name Relative Risk RR 95%.Cl
Low/Moderate
McConnell et al. 2006 CHS 1.06 [0.99; 1.13]

Pénard-Morand et al. 2010 French Six Cities T— 1.11 [0.98; 1.26]

Gruzieva etal. 2013 BAMSE _—r 1.05 [0.93; 1.19]

Mélter et al. 2015 ESCAPE 1.01 [0.87, 1.17]
=

Random effects model
Heterogeneity: = 0%, r= 0,p=079

1.06 [1.01;1.11]

High
Wood et al. 2015 ISAAC East London Y 1

[=]

0 [0.74;1.35]

0.70.75 1 5
Relative Risk per 20 ug.n’m]
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NOx — Prevalence of active wheeze — Children
Sensitivity analysis — risk of bias outcome measurement domain — moderate vs high

Study Study Name Relative Risk RR 95%.Cl

Moderate

McConnell et al. 2006 CHS = 1.06 [0.99; 1.13]

Pénard-Morand et al. 2010 French Six Cities T— 1.11 [0.98; 1.26]

Gruzieva etal. 2013 BAMSE -t 1.05 [0.93;1.19]

Mélter et al. 2015 ESCAPE 1.01 [0.87;1.17]
R

Random effects model
Heterogeneity: = 0%, r= 0,p=079

1.06 [1.01;1.11]

High
Wood et al. 2015 ISAAC East London Y 1

[=]

0 [0.74;1.35]

0.70.75 1 5
Relative Risk per 20 ug.n’m]
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NOx — Prevalence of active wheeze — Children
Subgroup analysis — region

Study Study Name Relative Risk

North America

McConnell et al. 2006 CHS =

Western Europe

Pénard-Morand et al. 2010 French Six Cities T—F

Gruzieva etal. 2013 BAMSE e

Milter et al. 2015 ESCAPE _—

Wood et al. 2015 ISAAC East London

Random effects model h

Heterogeneity: I°= 0%, © =0, p = 0.76 - :
0.70.75 1 15

131

Relative Risk per 20 ug.n’m]

RR

1.

=

]

11
1.08
1.01
1.00
1.06

95%-Cl

[0.99; 1.13]

[0.98; 1.26]
[0.83; 1.19]
[0.87; 1.17]
[0.74; 1.35]
[0.98; 1.14]
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NOy — Prevalence of active wheeze — Children
Subgroup analysis — year of publication

Study Study Name Relative Risk RR 95%.-Cl
Before 2008

McConnell et al. 2006 CHS 1.06 [0.99; 1.13]
After 2008

Pénard-Morand et al. 2010  French Six Cities T 1.11 [0.98; 1.26]
Gruzieva et al. 2013 BAMSE -t 1.05 [0.93; 1.19]
Malter et al. 2015 ESCAPE _— 1.01 [0.87; 1.17]
Wood et al. 2015 ISAAC East London 1.00 [0.74; 1.35]
Random effects model = 1.06 [0.98;1.14]
Heterogeneity: .f2 = 0%, 1-2 =0,p =076 I I 1

0.70.75 1 1.5
Relative Risk per 20 |.|g.n’m:|

Subgroup analysis — traffic specificity

All high traffic specificity
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NOy — Prevalence of active wheeze — Children
Subgroup analysis — smoking adjustment

Study Study Name Relative Risk RR 95%.Cl
Yes

Pénard-Morand et al. 2010 French Six Cities T—= 1.11 [0.98; 1.26]
Mélter et al. 2015 ESCAPE _I— 1.01 [0.87;1.17]
Wood et al. 2015 ISAAC East London 1.00 [0.74;1.35]
Random effects model —-'———J:?-— 1.06 [0.92;1.23]

Heterogeneity: 2= 0%, = 0, p=056

No
McConnell et al. 2006 CHS = 1.06 [0.99; 1.13]
Gruzieva etal. 2013 BAMSE - 1.05 [0.83;1.19]

0.70.75 1 5
Relative Risk per 20 ug.n’m]
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NOx — Prevalence of active wheeze — Children
Subgroup analysis — study design

Study Study Name
Cohort

Gruzieva etal. 2013 BAMSE
Milter et al. 2015 ESCAPE

Cross sectional
McConnell et al. 2006 CHS

Pénard-Morand et al. 2010 French Six Cities
Wood et al. 2015 ISAAC East London

Random effects model
Heterogeneity: 1° = 0%, ©° =0, p = 0.72

Relative Risk

+

I
0@

134

T T
0.75 | 15
Relative Risk per 20 ug.n’m]

RR

1.05
1.01

1.06
111
1.00
1.07

95%-Cl

[0.93; 1.19]
[0.87; 1.17]

[0.99; 1.13]
[0.98; 1.26]
[0.74; 1.35]
[0.99; 1.15]
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NOy — Prevalence of active wheeze— Children
Sensitivity analysis — reverse selection

Chapter 9 Additional Materials

NOy - Prevalence of wheeze 12 months - Children (<18 years)

Study Study Name

McConnell et al. 2006 CHS
Pénard-Morand et al. 2010 French Six Cities
Gruzieva et al. 2013 BAMSE
Molter et al. 2015 ESCAPE
Wood et al 2015

Random effects model
Prediction interval
Heterogeneity: 7= 0%, = 0,p=085

ISAAC East London Annual average current year

Exposure Window Relative Risk RR 95%-Cl Weight
Early life exposure T 1.06 [0.99;1.13] 525%
Annual average current year : 111 [098;126] 157%
Cumulative average —"— 1.03 [092;1.15] 18.4%
Cumulative average — 1.01 [087;117] 107%
: 00 [0.74;1.35] 26%
<= 1.06 [1.01; 1.10] 100.0%
[1.01; 1.11]
(|
07 1 15

Recent years > cumulative average > first year of life > at birth > pregnancy
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EC - Prevalence of active wheeze — Children

Primary meta-analysis

EC - Prevalence of wheeze 12 months - Children (<18)

Study Study Name

Janssen et al. 2003 ISAAC Southwestern Netherlands Annual average current year

Kramer et al. 2009
Gehring et al 2010
Molter et al. 2015 ESCAPE

GINI, LISA: Wesel
PIAMA

Random effects model
Prediction intervgl 5
Heterogeneity: I~ = 4%, © < 0.0001, p = 0.37

Exposure Window

Cumulative average
Annual average at birth
Cumulative average

Pollutant
BS

Relative Risk

PM2.5 abs = ——

PM2 5 abs
PM2.5 abs
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—{I'?—

I
0.7

1 i
Relative Risk per 1 ugfm3

1
2

RR

1.42
0.59
1.05
147

1.07

=
o £
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95%-Cl Weight

.78;
0.70;

3.01 6.2%
1.28]  6.0%
1.34] 57.4%
164] 30.5%
1.46] 100.0%
1.62]
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EC — Prevalence of active wheeze — Children
Subgroup analysis — year of publication

Study Study Name Relative Risk RR 95%.-Cl
Before 2008
Janssen et al. 2003 ISAAC Southwestern Metherlands * * 142 [067;3.01]
After 2008
Kramer et al. 2009 GIMI, LISA: Wesel - 0.59 [0.28;1.28]
Gehring et al. 2010 PIAMA _— 1.05 [0.82;1.34]
Milter et al. 2015 ESCAPE 1.17 [0.83; 1.64]
Random effects model <|> 1.05 [0.65;1.69]
Heterogeneity: /° = 21%, 7° = = 0.0001, p = 0.28
1 T T 1
07 1 15 2

Relative Rigk per 1 |.|gs'm3
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EC — Prevalence of active wheeze — Children
Subgroup analysis — traffic specificity

Study Study Name
High

Kramer et al. 2009 GINI, LISA: Wesel
Gehring et al. 2010 PlAMA
Malter et al. 2015 ESCAPE

Random effects model
Heterogeneity: /° = 21%, t° =< 0.0001, p = 0.28

Moderate

Janssen et al. 2003 ISAAC Southwestern Netherlands

Relative Risk

—
e

i T T
0.7 1 15
Relative Risk per 1 pg/m”

138

RR 95%-ClI

0.59 [0.28; 1.28]
1.05 [0.82; 1.34]
117 [0.83; 1.64]
1.05 [0.65;1.69]

142 [0.67; 3.01]
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EC — Prevalence of active wheeze — Children
Subgroup analysis — study design

Study

Cohort

Kramer et al. 2009
Gehring et al. 2010
Mélter et al. 2015
Random effects model

Heterogeneity: i* = 21%, ° = < 0.0001, p = 0.28

Cross sectional
Janssen et al. 2003

Study Name Relative Risk
GIMI, LISA: Wesel b

PIAMA _—t
ESCAPE _—
= e e——

ISAAC Southwestern MNetherlands
]
I T T T
0.6 075 1 15

139

Relative Rigk per 1 |.|gs'm3

RR 95%-Cl

0.59 [0.28;1.28]
1.05 [0.82;1.34]
117 [0.83;1.64]
1.05 [0.65;1.69]

1.42 [0.67;3.01]
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EC — Prevalence of active wheeze — Children

Subgroup analyses notes:

Subgroup analysis — region

All Western Europe

Subgroup analysis — smoking adjustment

All studies controlled for smoking

140
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PM1o— Prevalence of active wheeze — Children

Primary meta-analysis

PM10 - Prevalence of wheeze 12 months - Children (<18)

Study Study Name Exposure window Relative Risk

Pénard-Morand et al. 2010 French Six Cities  Annual average current year

Gruzieva et al. 2013 BAMSE Average first year

Molter et al. 2015 ESCAPE Cumulative average

Wood et al. 2015 ISAAC East London Annual average current year <

Random effects model —

Prediction inter\xgl » H

Heterogeneity: 1" =0%, 1" =0,p =091 rl ! !
07 1 15

141

Relative Risk per 10 ugfm3
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PM1o— Prevalence of active wheeze — Children
Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain — low

vs high

Study Study Name
Low

Pénard-Morand et al. 2010  French Six Cities
Malter et al. 2015 ESCAPE

Wood et al. 2015
Random effects model

Heterogeneity: = 0%, = 0, p=077

High
Gruzieva etal. 2013 BAMSE

ISAAC East London &

95%-Cl

[0.90; 1.85]
[0.70; 1.76]
[0.44; 7.76]

1.24 [0.91;1.69]

Relative Risk RR
1.29
111
* 179
e ————
1.21
]
I I 1 1
1 1:5 i

142

Relative Risk per 10 ugs’m]

[0.75; 1.97]
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PM1o— Prevalence of active wheeze — Children
Sensitivity analysis — risk of bias selection bias domain — low/moderate vs high

Study Study Name Relative Risk RR 95%.Cl
Low/Moderate

Pénard-Morand et al. 2010 French Six Cities 1.29 [0.90;1.85]
Gruzieva etal. 2013 BAMSE 121 [0.75;1.97]
Mélter et al. 2015 ESCAPE 1.11 [0.70; 1.76]
Random effects model F—— 1.22 [1.00;1.48]

Heterogeneity: = 0%, r= 0, p=0828

High
Wood et al. 2015 ISAAC East London * * 179 [0.471;7.76]

07 1 15 2
Relative Risk per 10 ug.n’m]
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PM1o— Prevalence of active wheeze — Children
Sensitivity analysis — risk of bias outcome measurement domain — moderate vs high

Study Study Name Relative Risk RR 95%-Cl
Moderate

Pénard-Morand et al. 2010  French Six Cities 1.29 [0.90; 1.85]
Gruzieva etal. 2013 BAMSE 1.21 [0.75;1.97]
Mélter et al. 2015 ESCAPE 1.11 [0.70; 1.76]
Random effects model [—e——— 1.22 [1.00; 1.48]

Heterogeneity: = 0%, T = 0,p=0288

High
Wood et al. 2015 ISAAC EastLondon * 179 [0.41;7.76]

07 1 15 2
Relative Risk per 10 |.|g.n'n'|:I
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PM10 — Prevalence of active wheeze — Children

Subgroup analysis — traffic specificity

Study Study Name Relative Risk RR
High

Gruzieva et al. 2013 BAMSE T 121
Moderate

Pénard-Morand et al. 2010 French Six Cities 1.29
Milter et al. 2015 ESCAPE 11
Wood et al. 2015 ISAAC EastLondon = * 1.79
Random effects model —— 1.24
Heterogeneity: = 0%, r= 0, p=077 I I 1

07 1 15
Relative Risk per 10 ug.n’m]
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95%-Cl

[0.75; 1.97]

[0.90; 1.85]
[0.70; 1.76]
[0.41;7.76]
[0.91; 1.69]
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PMio — Prevalence of active wheeze — Ch
Subgroup analysis — smoking adjustment

ildren

Study

Yes

Pénard-Morand et al. 2010
Mélter et al. 2015

Wood et al. 2015

Random effects model

Study Name

French Six Cities
ESCAPE
ISAAC East Londo

Heterogeneity: = 0%, r= 0, p=077

No
Gruzieva etal. 2013

BAMSE

Relative Risk RR 95%-Cl

1.29 [0.90; 1.85]

111 [0.70; 1.76]

n*«

» 179 [0.41;7.76]
e 1.24 [0.91:1.69]

121 [0.75; 1.97]

146

1 15 2
Relative Risk per 10 ug.n’m]
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PMio — Prevalence of active wheeze — Children
Sensitivity analysis — reverse selection

PM10 - Prevalence of wheeze 12 months - Children (<18)

Study Study Name

Pénard-Morand et al. 2010  French Six Cities
Gruzieva et al. 2013 BAMSE
Molter et al. 2015 ESCAPE
Wood et al. 2015

Random effects model
Prediction interval
Heterogeneity: = 0%, = 0,p=077

Recent years > cumulative average > first year of life > at birth > pregnancy

147

Exposure window

Annual average current year

Relative Risk

Cumulative average

Cumulative average

ISAAC East London Annual average current year

1 15
Relative Risk per 10 ugfm3

2
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RR 95%-Cl Weight

1.29 [0.90;1.85] 35.0%
1.04 [0.75;1.45] 41.5%
1.11 [0.70;1.76] 21.4%
179 [0.41;7.76] 2.1%

1.15 [0.93; 1.42] 100.0%
[0.87; 1.53]



PM10 — Prevalence of active wheeze — Children

Subgroup analyses notes:

Subgroup analysis — region
All Western Europe

Subgroup analysis — year of publication
All after 2008

Subgroup analysis — study design

Gruzieva 2013 and Molter 2015 cohorts; the other two cross sectional studies

148
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PM. s — Prevalence of active wheeze — Children

Primary meta-analysis

PM, :- Prevalence of wheeze 12 months - Children (<18)

Study Study Name Exposure Window Relative Risk RR 95%-Cl Weight
Morgenstern et al. 2008 GINI, LISA: Munich  Annual average at current address . 0.86 [0.65; 1.14] 445%
Gehring et al. 2010 PIAMA Annual average at birth — = 1.06 [0.77;, 1.46] 354%
Malter et al. 2015 ESCAPE Cumulative average .. 095 [062; 1.49] 189%
Wood et al. 2015 ISAAC East London Annual average current year < * 210 [0.37; 12.06] 1.2%
Random effects model -‘iﬁh 0.96 [t}[}?gg’; 11.23‘5 100.0%

Prediction interval I : i

04 05 1 5
Relative Risk per 5 pg/m

Heterogeneity: = 0%, P= 0, p=0863
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PM, s — Prevalence of active wheeze — Children
Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias selection bias domain — low

vs high

Study Study Name Relative Risk RR 95%-Cl
Low

Morgenstern et al. 2008 GIMI, LISA: Munich — T 086 [065; 1.14]
Gehring etal. 2010 PIAMA s 1 1.06 [0.77; 1.46]
Mélter et al. 2015 ESCAPE E— 0.96 [0.62; 1.49]
Random effects model —eE——— 0.95 [0.71; 1.27]

Heterogeneity: rF= 0%, = 0, p=062

High
Wood et al. 2015 |1SAAC East London = *» 210 [10.37: 12061

04 05 1 ; 2
Relative Risk per 5 pgéim™
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PM, s — Prevalence of active wheeze — Children
Sensitivity analysis — risk of bias outcome measurement domain — moderate vs high

Study Study Name Relative Risk RR 95%-Cl
Moderate

Morgenstern et al. 2008 GIMI, LISA: Munich —_—1 0.86 [065; 1.14]
Gehring etal. 2010 PIAMA _— 1.06 [0.77; 1.46]
Mélter et al. 2015 ESCAPE L B 0.96 [0.62; 1.49]

Random effects model —_— 0.95 [0.71; 1.27]
Heterogeneity: I° = 0%, ©' =0, p = 0.62

High
Wood et al. 2015 ISAAC East London * * 210 [0.37; 12.06]

04 05 1 ; 2
Relative Risk per 5 pg/m™
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PM3.s — Prevalence of active wheeze — Children
Subgroup analysis — year of publication

Study Study Name Relative Risk RR 95%-Cl
Before 2008
Morgenstern et al. 2008 GIMI, LISA: Munich _— 0.86 [0.65; 1.14]
After 2008
Gehring et al. 2010 PIAMA I | p— 1.06 [0.77; 1.46]
Malter et al. 2015 ESCAPE —_— 096 [0.62; 1.49]
Wood et al. 2015 ISAAC East London = * 210 [0.37; 12.06]
Random effects model <I> 1.04 [0.74; 1.48]
Heterogenaity: /° = 0%, © = 0, p = 0.68 — | ;

04 05 1 2

Relative Risk per 5 pg/m’
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PM. s — Prevalence of active wheeze — Children

Subgroup analysis — study design

Study Study Name Relative Risk
Cohort

Morgenstern et al. 2008 GINI, LISA: Munich —_—
Gehring et al. 2010 PIAMA _—
Mélter et al. 2015 ESCAPE

Random effects model ——EEEm——

Heterogeneity: = 0%, = 0, p=0862

Cross sectional

Wood et al. 2015 ISAAC East London

I T I
06 075 1 1.5
Relative Risk per & pg/m’
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RR

0.56
1.06
0.96
0.95

2.10

95%-Cl

[0.65; 1.14]
[0.77; 1.46]
[0.62; 1.49]
[0.71; 1.27]

[0.37; 12.06]
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PM3 s — Prevalence of active wheeze — Children

Subgroup analyses notes:

Subgroup analysis — traffic specificity
All moderate specificity

Subgroup analysis — smoking

All yes

Subgroup analysis — region

All Western Europe

154
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Distance measures - Prevalence of active wheeze — Adults

Chapter 9 Additional Materials

Distance measures - Prevalence of wheeze 12 months - Adults

Reference Study Name Categories RR 95% CI

Nitta et al. 1993 Tokyo Respiratory Survey - <20vs. 20-150 m 275 [165,473]
Nitta et al. 1993 Tokyo Respiratory Survey = <20 vs. 50-150 m 152 [091,255]
Nitta et al. 1993 Tokyo Respiratory Survey u 20-50 vs. 50-150 m 117  [0.69, 2.00]
Nitta et al. 1993 Tokyo Respiratory Survey - <20vs. 20-150 m 094 [061,1.42]
Garshick et al. 2003 ATS US Veterans L] =50 vs. =50 m 131 [1.00,1.71]
Venn et al. 2005 Jimma Respiratory Survey . <30wvs. 120-150 m 183 [0.78,423]
Venn et al. 2005 Jimma Respiratory Survey . 30-60vs. =120-150m 159 [0.65, 3.90]
Venn et al. 2005 Jimma Respiratory Survey - 60-90 vs. =120-150m 165 [0.65,4.10]
Venn et al. 2005 Jimma Respiratory Survey . 90-120vs. =120-150m 096 [0.30, 2.96]
Bayer-Oglesby et al. 2006 SAPALDIA | =20vs. =20 m 094 [078,112]
Pujades-Rodriguez et al. 2009 MNottingham Cohort = =50 vs. =100-150 m 1.60 [0.96, 268]
Pujades-Rodriguez et al. 2009 MNottingham Cohort L 50-100vs. 100-150m  1.00 [0.61, 1.66]
Muvolone et al. 2011 Tuscany Health Survey = =100 vs. 250-800 m 132 [0.76,2.28]
Muvolone et al. 2011 Tuscany Health Survey . =100 vs. 250-800 m 176 [1.08, 2.87]
Muvolone et al. 2011 Tuscany Health Survey L) 100-250vs. 250-800m 077 [042 142]
Muvolone et al. 2011 Tuscany Health Survey = 100-250 vs. 250-800m 154 [0.94,253]
Hazenkamp-von Arx et al. 2011 MU =200 vs. =200 m 310 [1.27,7.55]
Bowatte et al. 2017a TAHS = =200 vs. =200 m 161 [1.19,219]
Bowatte et al. 2017b TAHS u <200 vs. =200 m 1.38 [1.06, 1.80]

T T T
1 2 3
Relative Risk

Nitta et al. 1993 —results from different years; Nuvolone et al. results stratified by sex. Bowatte et al. 2017a and b refer to different study

designs.
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Distance measures - Prevalence of active wheeze — Children

Distance measures - Prevalence of wheeze 12 months - Children {<18 years)

Reference Study Name Categories
wan Vet et al. 1957 South Holland Respiratony Survey . <100 ws. 1001000 m
Venn et al. 2001 Mottingham School Survey N <30 vs. 150 m
Venn et al. 2001 Mottingham School Survey -
Venn et al. 2001 Mottingham School Survey =~
Venn et al. 2001 Maoittingham School Survey =,
Venn et al. 2001 Moittingham School Survey =
Venn et al. 2001 Mottingham School Survey '
Venn et al. 2001 Mottingham School Survey -
‘Venn et al. 2001 Mottingham School Survey -
Miysks et 51, 2002 ISAAC Suita =
Miyakes et 2l 2002 ISAAC Suitz =
Yang et al. 2002 Kaohsiung Respiratory Survey =
Shima et al. 2002 Chiba Cohort ™ <B0 m ws. rural areas
na et al. 2003 Chiba Cohart - <E0 m ws. rural areas
Shima et al. 2003 Chiba Cohort 5 =50 m vs. rural areas
Shima et al. 2002 Chiba Cohort = =50 m ws. rural areas
Lewis et al. 2005 ISAAC Eastern UK - <30 vs. 150 m
Lewis et al. 2005 - 30-89 vs. 150 m
Lewis et al. 2005 ISAAC Eastern UK " 20-143 vs. 150 m
Ryan =t 3l. 2005 CCAAPS - <100 ws. =100 m
McConnell et al. 20068 CHS = <76 vs. »300 m
McConnell et al. 2006 CHS - TE-150 vs. >200 m
McConnell et al. 2006 CHS - 150-200 vs. >300 m
Dwoing et al. 2005 Survey 2007 - <20 vs. 100 m
Dwong =t al. 2008 Survey 2007 - 20-100 vs. > 100 m
Kim =t al. 2008 EBCRHS - <75 vs. »300 m
Kim et al. 2008 EBCRHS = TE-150 ws. >200m
Kim 2t al. 2008 EBCRHS . 150-300 vs. >300 m
Rosendund et al. 2005 I1SAAC Roms = <100 vs. 100 m
Oftedal et 3l 2009 Oslo Birth Cohort L £80.3 m
Kramer et al. 2008 GINI, LISA: Wesel - <50 ws. 50 m
Pujades-Rodriguez =t al. 2005 Health Survey England u <150 vs. *>150m
Miyake et al OMCHS o <50 vs. >200 m
Miyakes =t al. OMCHS . E0-100 ws. =200 m
Miyake =t sl 2010 OMCHS . 100-200 vs=. =200 m
Middleton et al. 2010 ISAAC Cyprus B <50 vs. >300 m
Middleton et al 10 ISAAC Cyprus = 50-100 vs. >200 m
Middleton et al. 2010 ISAAC Cyprus o 100-150 vs. =300 m
Middlston =t al 10 ISAAC Cyprus o 150-300 v=. =300 m
Patel et al. 20 CCCEH Ll -0.58 km
Dell 2t al. 2014 T-CHEQ = <100 vs. 100 m
Jung et al. 201 CHEER - <75 vs. 2226 m
Jung et al. CHEER - T5-150 vs. 225 m
CHEER - 180225 w2, =225 m
CHEER o vs. >TE m and no bronchiolitis
CHEER - itis vs. <75 m no bronchiolitis
CHEER . bronchiolitis onhy ws. *T& m and no bronchiclitis

Relative Risk

Venn et al. 2001 results stratified by sex; Miyake et al. 2002 results for residence and school; Shima et al. 2003 results stratified by sex
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Density measures - Prevalence of active wheeze — Adults

Density measures - Prevalence of wheeze 12mths - Adults

Reference Study Name Per Increment/Categories RR  85% CI

Oosterlee et al. 1996  Haarlem Respiratory Survey high vs. low 1.10  [0.60, 1.80]
Lindgren et al. 2010 Scania Health Survey 2004 =10 vs. 0 vehicles/minute 270  [1.30, 5.50]
Lindgren et al. 2010 Scania Health Survey 2004 6-10 vs. 0 vehicles/minute 081 [0.38,1.70]
Lindgren et al. 2010 Scania Health Survey 2004 2-5vs. 0 vehicles/minute 1.10  [0.80, 1.70]
Lindgren et al. 2010 Scania Health Survey 2004 <2 vs. 0 vehicles/minute 120 [0.92, 1.70]

2
Relative Risk
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Density measures - Prevalence of active wheeze — Children
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Density measures - Prevalence of wheeze 12mths - Children (<18 months)

Reference Study Name Per Increment/Categories RR 95% CI

Qosterlee et al. 1996 Haarlem Respiratory Survey high vs. low 150 [060,3.70]
van Vliet et al. 1997 South Holland Respiratory Survey high vs. low car volume 082 [0.34,193]
van Viiet et al. 1997 South Holland Respiratory Survey = high vs._ low truck volume 171 [0.72,4.08]
Venn et al. 2000 MNottingham School Survey 10 thousand km/day/km? 1.00 [0.99,1.02]
Venn et al. 2000 MNottingham School Survey 10 thousand km/day/km? 1.00 [0.99,61.01]
Nicolai et al. 2003 ISAAC Munich = =30000 vehicles/day vs. none 166 [1.07,258]
Nicolai et al. 2003 ISAAC Munich 15001-30000 vehicles/day vs. none 1.01 [0.61,167]
Nicolai et al. 2003 ISAAC Munich 2600-15000 vehicles/day vs. none 0.85 [0.48, 1.49]
Kim et al. 2008 EBCRHS 9414-74041 vehicles-km/dayvs.none 1.16 [0.57, 2.36]
Kim et al. 2008 EBCRHS 4403-9413 vehicles-km/day vs. none 078 [0.36, 1.67]
Kim et al. 2008 EBCRHS . 1920-4402 vehicle-km/day vs. none 147 [0.73,295]
Kim et al. 2008 EBCRHS <1919 vehicle-km/day vs. none 058 [0.27,1.25]
Andersson et al. 2011 OLIN " =500 vs. =500 heavy vehicles/day 1.70 [1.00,2.70]
Andersson et al. 2011 OLIN = =8000 vs. <8000 vehicles/day 140 [0.90,210]
Lindgren et al. 2013 Scania Birth Cohort 05/11 <8640 vs. =8640 vehicles/day 090 [0.80,1.00]

Relative Risk
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9.7 Prevalence of wheeze ever
NO; — Prevalence of wheeze ever — Children

Primary meta-analysis

NO. - Prevalence of wheeze ever - Children (<18 years)

Study Study Name Exposure window Relative Risk RR 95%-Cl Weight
Pikhart et al. 1997 SAVIAH Annual average current year 094 [082;1.07] 199%
Rosenlund et al. 2009 ISAAC Rome Exposure in 2000-2001 (recent year) 0.78 [063;096] 13.7%
Pedersen et al. 2013 EDEN Entire pregnancy 5 0.81 [062;1.05] 104%
Dell et al. 2014 T-CHEQ Average first year VT = 1.11 [0.98;1.26] 20.7%
Ranzi et al. 2014 GASPI Annual average at birth . 097 [0.80;1.17] 150%
Cakmak et al. 2016 Windsor Children's Health 05 Annual average current year = 1.05 [0.92;1.19] 202%
Random effects model : 0.96 [0.83; 1.11] 100.0%
Prediction interval —'f—:r;'— e [0.70; 1,32:} a
Heterogeneity: 1~ = 59%, 1> = 0.0101, p = 0.03 f T I 1
06 0.8 1 12514

Relative Risk per 10 pg/m
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NO; — Prevalence of wheeze ever — Children

Chapter 9 Additional Materials

Plots not shown for risk of bias domains if all studies were rated low or moderate. Sensitivity analysis — risk of bias confounding domain — low

vs moderate vs high

Study Study Name
Low

Rosenlund et al. 2009 ISAAC Rome
Pedersen et al. 2013 EDEM
Dell etal. 2014 T-CHEQ

Ranzi etal. 2014
Random effects model
Heterogenaity: 1 =72%, 1 = 0.0212, p = 0.01

GASPI

High
Pikhart et al. 1997
Cakmak et al. 2016

SAVIAH

Windsor Children’s Health 05

0.6

Relative Risk
—_—
—_—
—_—
I T i | —
0.8 1 125 14
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Relative Risk per 10 pg/m™

RR

078
081
1.1
097
0.93

0.94
1.05

95%-Cl

[0.63; 0.96]
[0.62; 1.05]
[0.98; 1.26]
[0.80; 1.17]
[0.71; 1.21]

[0.82; 1.07]
[0.92;1.19]



Chapter 9 Additional Materials

NO; — Prevalence of wheeze ever — Children
Subgroup analysis — region

Study Study Name Relative Risk RR 95%.-Cl
North America

Dell etal. 2014 T-CHEQ T—= 1.11 [0.98; 1.26]
Cakmak et al. 2016 Windsor Children's Health 05 —_—tE 1.05 [0.92;1.19]

Western Europe

Rosenlund et al. 2009 ISAAC Rome _— 0.78 [0.63; 0.96]
Pedersen etal. 2013 EDEN 0.81 [0.62;1.05]
Ranzi et al. 2014 GASPI —_— 0.97 [0.80;1.17]
Random effects model e 0.86 [0.63;1.17]

Heterogeneity: I~ = 25%, 7 = 0.0053, p = 0.26

Eastern Europe
Pikhart et al. 1997 SAVIAH = 0.94 [0.82;1.07]

0.6 0.8 1 125 14
Relative Risk per 10 pg/m™
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NO; — Prevalence of wheeze ever — Children
Subgroup analysis — year of publication

Study

Before 2008
Pikhart et al. 1997

After 2008

Rosenlund et al. 2009
Pedersen et al. 2013
Dell et al. 2014

Ranzi etal. 2014
Cakmak et al. 2016
Random effects model

Heterogeneity: 1 = 65%, T = 0.0154, p = 0.02

Subgroup analysis — traffic specificity
All high specificity

Study Name

SAVIAH

ISAAC Rome
EDEM
T-CHEQ
GASPI
Windsor Children’s Health 05

Relative Risk

—ul

—
—
|——

——

0.6

162

0.8 1 i
Relative Rizk per 10 pg/m™

1 1
125 14

RR

0.94

078
081
111
0.97

0.96

95%-Cl

[0.82; 1.07]

[0.63; 0.96]
[0.62;1.05]
[0.98; 1.26]
[0.80; 1.17]
[0.92;1.19]
[0.79; 1.16]
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NO; — Prevalence of wheeze ever — Children
Subgroup analysis — smoking adjustment

Study Study Name Relative Risk
Yes
Rosenlund et al. 2009 ISAAC Rome —_—
Pedersen et al. 2013 EDEN
Dell etal. 2014 T-CHEQ +—
Ranzi et al. 2014 GASPII —_—
Cakmak et al. 2016 windsor Children's Health 05 —_—
Random effects model —_—
Heterogeneity: I = 5%, T = 0.0154, p = 0.02
No
Piknart et al. 1997 SAVIAH —_—
I 1 1 1 |
0.6 0.8 1 125 14
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Relative Risk per 10 pg/m™

RR 95%-Cl

0.78 [0.63;0.96]
0.81 [0.62;1.05]
111 [0.98; 1.26]
0.97 [0.80;1.17]
1.05 [0.92;1.19]
0.96 [0.79;1.16]

0.94 [0.82;1.07]
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NO; — Prevalence of wheeze ever — Children
Subgroup analysis — by study design

Study Study Name Relative Risk RR 95%-CI
Case-control

Dell et al. 2014 T-CHEQ T 1.11 [0.98; 1.26]
Cohort

Pedersen et al. 2013 EDEN —_—tT 0.81 [0.62;1.05]
Ranzi etal. 2014 GASPI —_— 0.97 [0.80;1.17]
Cross sectional

Pikhart et al. 1997 SAVIAH —=T 0.94 [0.82;1.07]
Rosenlund et al. 2009 ISAAC Rome _— 0.78 [0.63;0.96]
Cakmak et al. 2016 Windsor Children’s Health 05 L 1.05 [0.92;1.19]
Random effects model —<_—I—t— 0.93 [0.65;1.33]
Heterogeneity: /° = 65%, 7 = 0.0129, p = 0.06

0.6 0.75 1 15 2
Relative Risk per 10 pgim™
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NO; — Prevalence of wheeze ever — Children
Sensitivity analysis — reverse selection
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NO, - Prevalence of wheeze ever - Children (<18 years)

Study Study Name Exposure window

Pikhart et al. 1997 SAVIAH Annual average current year
Rosenlund et al. 2009 ISAAC Rome Exposure in 2000-2001 (recent year)
Pedersen et al. 2013 EDEN Entire pregnancy

Dell et al. 2014 T-CHEQ Annual average current year

Ranzi et al. 2014
Cakmak et al. 2016

GASPI Cumulative average
Windsor Children's Health 05 Annual average current year
Random effects model
Prediction interval

Heterogeneity: I° = 58%, ©* = 0.0101, p = 0.04

06

Recent years > cumulative average > first year of life > at birth > pregnancy

165

Relative Risk RR  95%-Cl Weight

= 094 [0.82;1.07] 19.9%

: 078 [0.63°0.96] 13.7%

: 081 [0.62°1.05] 10.4%

4—=— 110 [0.96'126] 19.6%

—1=—— 107 [090°128] 16.1%

—_— 1.05 [092°1.19] 20.2%

' 0.97 [0.84; 1.12] 100.0%

T [0.70: 1.34] .
I ] ] ] 1
1 12514

08
Relative Risk per 10pyg/m
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Distance measures - Prevalence of wheeze ever — Children

Distance measures - Prevalence of wheeze ever - Children (<18 years)

Reference Study Name Categories RR 95% ClI
Rosenlund et al. 2009  ISAAC Rome " =100vs. =100 m 0.80 [0.50,1.20]
Skrzypeketal 2013 ISAAC Bytom " =100vs. =100 m 1.00 [0.79,151]
Dell et al. 2014 T-CHEQ - =100vs.=100m 075 [0.23, 244]
Ranzi etal 2014 GASPI u <86.1vs.=86.1m 098 [073,1.32]
Jung et al. 2015 CHEER L <75vs.=225m 117 [0.99, 1.38]
Jung et al. 2015 CHEER n 75-150vs.=225m  1.04 [0.89,1.21]
Jung etal. 2015 CHEER n 150-225vs.=225m  1.09 [0.88, 1.33]
Leeetal 2018 CHEER = <7avs. =700m 1.29 [0.90,1.83]
Leeetal 2018 CHEER = 75-T00vs. =700m  1.03 [0.74,1.43]

1 | |

0 1 2

Relative Risk
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Density measures - Prevalence of wheeze ever — Adults

Density measures - Prevalence of wheeze ever - Adults

Reference Study Name Per Increment/Categories RR 95% C1

Oosterles et 3l 1 Haarlem Respirstony Survey . high ws. low 1.10 [0.80, 1.30]

€0
X

T T
04 1
Relstive Risk
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Density measures - Prevalence of wheeze ever — Children
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Density measures - Prevalence of wheeze ever - Chidlren (<18 years)

Reference Study Name Per Increment/Categories RR  95% ClI

Wist et al. 1993 Munich Asthma and Allergy 25000 vehicles/day 108 [1.01,1.16]
Qosterlee et al. 1996 Haarlem Respiratory Survey highvs. low 210 [0.99,4.40]
Skrzypek et al. 2013 ISAAC Bytom =90th vs. <90 percentile 1.08 [0.80,1.47]

0.5

2
Relative Risk
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