
Appendix: 

1. Searching strategy: 

The following search terms were used: ("nitrogen dioxide" OR "NO2" OR "NOX" OR "nitrogen 

oxide" OR "traffic-related air pollution" OR "traffic related air pollution") AND ("mortality" OR 

"cardiovascular mortality" OR "respiratory mortality") AND ("epidemiology" OR 

"epidemiological" OR “epidemiologic” OR "cohort" OR "case-control" OR “case control”). We 

also applied the following exclusionary terms: (“pups” OR “crop” OR “animals” OR “animal” OR 

“rat” OR “in vitro”). 

2. Figures of sensitivity analysis: 

  2.1 Add-back sensitivity analysis  
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[0.96; 1.09]
[0.93; 1.08]
[1.05; 1.09]
[1.01; 1.04]
[1.00; 1.01]
[1.00; 1.02]
[1.00; 1.00]
[0.99; 1.02]
[1.00; 1.01]
[1.02; 1.05]
[0.99; 1.01]
[0.99; 1.03]
[0.98; 1.03]
[0.97; 1.03]
[1.01; 1.01]
[1.00; 1.02]
[1.03; 1.10]
[1.00; 1.06]
[1.00; 1.04]
[1.01; 1.02]
[1.00; 1.04]
[1.00; 1.01]
[1.03; 1.08]
[1.04; 1.09]
[1.03; 1.05]
[1.00; 1.03]
[1.03; 1.05]
[1.00; 1.00]
[1.00; 1.03]

[1.00; 1.08]
[1.01; 1.05]
[0.99; 1.00]
[1.01; 1.02]
[1.01; 1.06]
[1.00; 1.04]
[1.03; 1.05]

weight

100.0%

84.3%

15.7%

4.1%
2.3%
3.2%
3.0%
3.2%
0.1%
0.1%
1.9%
0.2%
0.2%
1.4%
2.0%
3.9%
2.8%
4.1%
2.6%
3.9%
2.3%
3.1%
1.6%
1.2%
0.9%
4.1%
2.8%
0.8%
1.1%
1.3%
3.9%
1.7%
3.9%
1.3%
1.1%
2.9%
2.4%
2.9%
4.0%
2.1%

0.8%
1.7%
3.5%
3.7%
1.2%
1.9%
3.0%



 

 
All included studies providing single-pollutant model estimates for meta-analysis for respiratory 

mortality in the regional stratification 
 
 
 
 

Study

Overall effect
Heterogeneity: I2 = 82%, p < 0.01

Location = South America

Location = Europe       

Location = Asia         

Overall effect

Overall effect

Overall effect

Heterogeneity: I2 = 0%, p = 0.32

Heterogeneity: I2 = 84%, p < 0.01

Heterogeneity: I2 = 80%, p < 0.01

Bravo et al. 2016
Costa et al. 2017

Lopez−Villarrubia et al. 2010

Linares et al. 2018
Chiusolo et al. 2011
Faustini et al. 2012
Faustini et al. 2013
Carugno et al. 2016
Fischer et al. 2011
Neuberger et al. 2013

Stojic et al. 2016
Samoli et al. 2006

Qian et al. 2007
Chen et al. 2008
Wong et al. 2008
Liang et al. 2009
Chen et al. 2010
Qian et al. 2010
Zhang et al. 2011
Chen et al. 2012
Leitte et al. 2012
Yang et al. 2013
Yang et al. 2015
Guo et al. 2017
Qin et al. 2017
Ren et al. 2017

Li et al. 2018
Mo et al. 2018

Song et al. 2019
Wu et al. 2019
He et al. 2020
Sun et al. 2020
Yao et al. 2020
Yorifuji et al. 2011
Wong et al. 2008

TE

1.03
1.02

0.91
1.07
1.05
1.07
1.08
1.12
1.01
1.00
1.04
1.12
1.04
0.93
1.01

1.04
1.02
1.02
1.10
1.00
1.09
1.02
1.05
1.00
1.01
1.01
1.10
1.01
1.02
1.02
1.06
1.03
0.95
1.02
1.04
1.00
1.06
1.03
1.00
1.03

seTE

0.0064
0.0048

0.0592
0.0528
0.0075
0.0256
0.0419
0.0376
0.0194
0.0048
0.0276
0.0415
0.0404
0.0303
0.0020

0.0162
0.0076
0.0066
0.0973
0.0514
0.0227
0.0018
0.0102
0.0183
0.0025
0.0058
0.0519
0.0254
0.0240
0.0230
0.0326
0.0175
0.0323
0.0106
0.0078
0.0025
0.0436
0.0038
0.0051
0.0076

0.7 0.8 0.9 1 1.1 1.2 1.3

Hazard Ratio

1.02

1.03

1.03

1.02

1.03
1.02

0.91
1.07
1.05
1.07
1.08
1.12
1.01
1.00
1.04
1.12
1.04
0.93
1.01

1.04
1.02
1.02
1.10
1.00
1.09
1.02
1.05
1.00
1.01
1.01
1.10
1.01
1.02
1.02
1.06
1.03
0.95
1.02
1.04
1.00
1.06
1.03
1.00
1.03

95% CI

[1.02; 1.03]

[1.02; 1.03]

[1.01; 1.05]

[1.01; 1.03]

[1.02; 1.04]
[1.01; 1.03]

[0.80; 1.03]
[0.96; 1.17]
[1.04; 1.07]
[1.02; 1.12]
[1.00; 1.16]
[1.04; 1.19]
[0.97; 1.05]
[0.99; 1.01]
[0.99; 1.10]
[1.04; 1.20]
[0.96; 1.12]
[0.87; 0.99]
[1.00; 1.01]

[1.01; 1.07]
[1.01; 1.04]
[1.00; 1.03]
[0.91; 1.29]
[0.90; 1.10]
[1.05; 1.14]
[1.01; 1.02]
[1.03; 1.07]
[0.97; 1.04]
[1.00; 1.01]
[0.99; 1.02]
[0.99; 1.20]
[0.96; 1.06]
[0.97; 1.07]
[0.98; 1.07]
[0.99; 1.12]
[0.99; 1.06]
[0.89; 1.02]
[0.99; 1.04]
[1.03; 1.06]
[1.00; 1.01]
[0.98; 1.15]
[1.02; 1.04]
[0.99; 1.01]
[1.01; 1.04]

weight

100.0%

9.5%

21.9%

68.6%

4.5%
5.0%

0.2%
0.3%
4.2%
1.1%
0.5%
0.6%
1.7%
5.0%
1.0%
0.5%
0.5%
0.8%
5.6%

2.1%
4.2%
4.5%
0.1%
0.3%
1.3%
5.6%
3.4%
1.8%
5.5%
4.7%
0.3%
1.1%
1.2%
1.3%
0.7%
1.9%
0.7%
3.3%
4.1%
5.5%
0.4%
5.2%
4.9%
4.2%



 
All included studies providing single-pollutant model estimates for meta-analysis for respiratory 

mortality in the study type stratification 
 
 
 
 
 
 

Study

Overall effect
Heterogeneity: I2 = 80%, p < 0.01

Study.Design = Time−series   

Study.Design = Case−crossover

Study.Design = Cohort        

Overall effect

Overall effect

Overall effect

Heterogeneity: I2 = 82%, p < 0.01

Heterogeneity: I2 = 0%, p = 0.50

Heterogeneity: not applicable

Samoli et al. 2006
Qian et al. 2007
Chen et al. 2008
Wong et al. 2008
Wong et al. 2008
Liang et al. 2009
Lopez−Villarrubia et al. 2010

Qian et al. 2010
Fischer et al. 2011
Yorifuji et al. 2011
Zhang et al. 2011
Chen et al. 2012
Leitte et al. 2012
Faustini et al. 2013
Neuberger et al. 2013

Yang et al. 2013
Yang et al. 2015
Stojic et al. 2016
Costa et al. 2017
Guo et al. 2017
Qin et al. 2017
Ren et al. 2017
Li et al. 2018
Linares et al. 2018
Mo et al. 2018

Song et al. 2019
Wu et al. 2019
He et al. 2020

Chen et al. 2010
Chiusolo et al. 2011
Bravo et al. 2016
Carugno et al. 2016

Sun et al. 2020

Faustini et al. 2012

TE

1.01
1.04
1.02
1.02
1.03
1.10
0.91
1.07
1.09
1.00
1.00
1.02
1.05
1.00
1.12
1.04
1.12
1.04
1.01
1.01
0.93
1.02
1.10
1.01
1.02
1.06
1.05
1.03
0.95
1.02
1.04
1.00

1.00
1.07
1.03
1.01
1.02
1.06

1.08

seTE

0.0020
0.0162
0.0076
0.0066
0.0076
0.0973
0.0592
0.0528
0.0227
0.0048
0.0051
0.0018
0.0102
0.0183
0.0376
0.0276
0.0415
0.0404
0.0025
0.0058
0.0303
0.0048
0.0519
0.0254
0.0240
0.0326
0.0075
0.0175
0.0323
0.0106
0.0078
0.0025

0.0514
0.0256
0.0064
0.0194
0.0230
0.0436

0.0419

0.7 0.8 0.9 1 1.1 1.2 1.3

Hazard Ratio

1.02

1.02

1.03

1.08

1.01
1.04
1.02
1.02
1.03
1.10
0.91
1.07
1.09
1.00
1.00
1.02
1.05
1.00
1.12
1.04
1.12
1.04
1.01
1.01
0.93
1.02
1.10
1.01
1.02
1.06
1.05
1.03
0.95
1.02
1.04
1.00

1.00
1.07
1.03
1.01
1.02
1.06

1.08

95% CI

[1.02; 1.03]

[1.01; 1.03]

[1.02; 1.04]

[1.00; 1.16]

[1.00; 1.01]
[1.01; 1.07]
[1.01; 1.04]
[1.00; 1.03]
[1.01; 1.04]
[0.91; 1.29]
[0.80; 1.03]
[0.96; 1.17]
[1.05; 1.14]
[0.99; 1.01]
[0.99; 1.01]
[1.01; 1.02]
[1.03; 1.07]
[0.97; 1.04]
[1.04; 1.19]
[0.99; 1.10]
[1.04; 1.20]
[0.96; 1.12]
[1.00; 1.01]
[0.99; 1.02]
[0.87; 0.99]
[1.01; 1.03]
[0.99; 1.20]
[0.96; 1.06]
[0.97; 1.07]
[0.99; 1.12]
[1.04; 1.07]
[0.99; 1.06]
[0.89; 1.02]
[0.99; 1.04]
[1.03; 1.06]
[1.00; 1.01]

[0.90; 1.10]
[1.02; 1.12]
[1.02; 1.04]
[0.97; 1.05]
[0.98; 1.07]
[0.98; 1.15]

[1.00; 1.16]

weight

100.0%

89.7%

9.8%

0.5%

5.9%
2.2%
4.4%
4.7%
4.4%
0.1%
0.3%
0.3%
1.4%
5.3%
5.2%
6.0%
3.6%
1.9%
0.6%
1.0%
0.5%
0.5%
5.9%
5.0%
0.9%
5.3%
0.3%
1.2%
1.3%
0.8%
4.4%
2.0%
0.8%
3.5%
4.3%
5.9%

0.3%
1.1%
4.8%
1.7%
1.4%
0.4%

0.5%



2.2 Multi-pollutant sensitivity analysis  

 

 

All available studies providing multi-pollutant model estimates for meta-analysis for all-cause 
mortality in the regional stratification and in the study type stratification 

Study

Overall effect
Heterogeneity: I2 = 85%, p < 0.01

Location = Asia         

Location = Europe       

Location = South America

Overall effect

Overall effect

Overall effect

Heterogeneity: I2 = 47%, p = 0.02

Heterogeneity: I2 = 90%, p < 0.01

Heterogeneity: not applicable

Tsai et al. 2006
Yang et al. 2006
Qian et al. 2007
Chen et al. 2008
Liang et al. 2009
Chen et al. 2010
Chen et al. 2012

Guo et al. 2013

Lu et al. 2015
Guo et al. 2017
Li et al. 2017
Zhu et al. 2017

Wu et al. 2019

Chiusolo et al. 2011
Valari et al. 2011
Williams et al. 2014

Costa et al. 2017

TE

1.01
1.02
1.02
1.01
1.03
1.01
1.02
1.03
1.01
1.00
1.02
1.05
1.02
1.03
1.03
1.02

1.04
1.04
1.01
1.00

1.00

seTE

0.2168
0.1907
0.0066
0.0056
0.0571
0.0218
0.0053
0.0050
0.0074
0.0074
0.0064
0.0147
0.0051
0.0059
0.0059
0.0050

0.0137
0.0076
0.0024
0.0012

0.0029

0.6 0.8 1 1.2 1.4

Risk Ratio

1.02

1.02

1.02

1.00

1.01
1.02
1.02
1.01
1.03
1.01
1.02
1.03
1.01
1.00
1.02
1.05
1.02
1.03
1.03
1.02

1.04
1.04
1.01
1.00

1.00

95% CI

[1.01; 1.02]

[1.02; 1.03]

[1.01; 1.03]

[1.00; 1.01]

[0.59; 1.44]
[0.64; 1.39]
[1.01; 1.03]
[1.00; 1.02]
[0.92; 1.15]
[0.96; 1.05]
[1.01; 1.03]
[1.02; 1.04]
[0.99; 1.02]
[0.99; 1.01]
[1.00; 1.03]
[1.03; 1.08]
[1.01; 1.03]
[1.02; 1.04]
[1.02; 1.04]
[1.01; 1.03]

[1.01; 1.06]
[1.02; 1.05]
[1.01; 1.02]
[1.00; 1.01]

[1.00; 1.01]

weight

100.0%

69.6%

23.1%

7.2%

0.0%
0.0%
5.6%
6.1%
0.3%
1.5%
6.2%
6.4%
5.3%
5.3%
5.7%
2.7%
6.3%
6.0%
6.0%
6.4%

3.0%
5.2%
7.4%
7.6%

7.2%

Study

Overall effect
Heterogeneity: I2 = 85%, p < 0.01

Study.Design = Case−crossover

Study.Design = Time−series   

Overall effect

Overall effect

Heterogeneity: I2 = 0%, p = 0.71

Heterogeneity: I2 = 87%, p < 0.01

Tsai et al. 2006
Yang et al. 2006
Chen et al. 2010
Chiusolo et al. 2011

Qian et al. 2007
Chen et al. 2008
Liang et al. 2009
Valari et al. 2011
Chen et al. 2012

Guo et al. 2013

Williams et al. 2014

Lu et al. 2015
Costa et al. 2017
Guo et al. 2017
Li et al. 2017
Zhu et al. 2017

Wu et al. 2019

TE

1.01
1.02
1.01
1.04

1.02
1.01
1.03
1.04
1.02
1.03
1.01
1.00
1.01
1.00
1.02
1.00
1.05
1.02
1.03
1.03
1.02

seTE

0.2168
0.1907
0.0218
0.0137

0.0066
0.0056
0.0571
0.0076
0.0053
0.0050
0.0074
0.0074
0.0024
0.0012
0.0064
0.0029
0.0147
0.0051
0.0059
0.0059
0.0050

0.6 0.8 1 1.2 1.4

Risk Ratio

1.02

1.03

1.02

1.01
1.02
1.01
1.04

1.02
1.01
1.03
1.04
1.02
1.03
1.01
1.00
1.01
1.00
1.02
1.00
1.05
1.02
1.03
1.03
1.02

95% CI

[1.01; 1.02]

[1.01; 1.05]

[1.01; 1.02]

[0.59; 1.44]
[0.64; 1.39]
[0.96; 1.05]
[1.01; 1.06]

[1.01; 1.03]
[1.00; 1.02]
[0.92; 1.15]
[1.02; 1.05]
[1.01; 1.03]
[1.02; 1.04]
[0.99; 1.02]
[0.99; 1.01]
[1.01; 1.02]
[1.00; 1.01]
[1.00; 1.03]
[1.00; 1.01]
[1.03; 1.08]
[1.01; 1.03]
[1.02; 1.04]
[1.02; 1.04]
[1.01; 1.03]

weight

100.0%

4.5%

95.5%

0.0%
0.0%
1.5%
3.0%

5.6%
6.1%
0.3%
5.2%
6.2%
6.4%
5.3%
5.3%
7.4%
7.6%
5.7%
7.2%
2.7%
6.3%
6.0%
6.0%
6.4%



 
 

 
All available studies providing multi-pollutant model estimates for meta-analysis for 

cardiovascular mortality in the regional stratification and in the study type stratification 

Study

Overall effect
Heterogeneity: I2 = 78%, p < 0.01

Location = Asia

Overall effect
Heterogeneity: I2 = 78%, p < 0.01

Qian et al. 2007
Chen et al. 2008
Liang et al. 2009
Chen et al. 2010
Zhang et al. 2011
Chen et al. 2012

Guo et al. 2017
Zhang et al. 2017
Wu et al. 2019
Dehghan et al. 2019

TE

1.02
1.02
1.02
1.00
1.00
1.02
1.03
1.05
1.01
1.02
1.00

seTE

0.0094
0.0085
0.0927
0.0305
0.0020
0.0085
0.0078
0.0214
0.0184
0.0074
0.0015

0.6 0.8 1 1.2 1.4

Risk Ratio

1.01

1.01

1.02
1.02
1.02
1.00
1.00
1.02
1.03
1.05
1.01
1.02
1.00

95% CI

[1.01; 1.02]

[1.01; 1.02]

[1.00; 1.04]
[1.00; 1.03]
[0.84; 1.20]
[0.94; 1.06]
[0.99; 1.00]
[1.01; 1.04]
[1.01; 1.04]
[1.01; 1.09]
[0.97; 1.04]
[1.01; 1.04]
[1.00; 1.01]

weight

100.0%

100.0%

9.4%
10.4%
0.2%
1.6%

18.9%
10.4%
11.3%
3.0%
3.8%

11.8%
19.3%

Study

Overall effect
Heterogeneity: I2 = 78%, p < 0.01

Study.Design = Time−series   

Study.Design = Case−crossover

Overall effect

Overall effect

Heterogeneity: I2 = 80%, p < 0.01

Heterogeneity: not applicable

Qian et al. 2007
Chen et al. 2008
Liang et al. 2009
Zhang et al. 2011
Chen et al. 2012

Guo et al. 2017
Zhang et al. 2017
Wu et al. 2019
Dehghan et al. 2019

Chen et al. 2010

TE

1.02
1.02
1.02
1.00
1.02
1.03
1.05
1.01
1.02
1.00

1.00

seTE

0.0094
0.0085
0.0927
0.0020
0.0085
0.0078
0.0214
0.0184
0.0074
0.0015

0.0305

0.6 0.8 1 1.2 1.4

Risk Ratio

1.01

1.01

1.00

1.02
1.02
1.02
1.00
1.02
1.03
1.05
1.01
1.02
1.00

1.00

95% CI

[1.01; 1.02]

[1.01; 1.02]

[0.94; 1.06]

[1.00; 1.04]
[1.00; 1.03]
[0.84; 1.20]
[0.99; 1.00]
[1.01; 1.04]
[1.01; 1.04]
[1.01; 1.09]
[0.97; 1.04]
[1.01; 1.04]
[1.00; 1.01]

[0.94; 1.06]

weight

100.0%

98.4%

1.6%

9.4%
10.4%
0.2%

18.9%
10.4%
11.3%
3.0%
3.8%

11.8%
19.3%

1.6%



 

 
All available studies providing single-pollutant model estimates for meta-analysis for respiratory 

mortality in the regional stratification and in the study type stratification 

Study

Overall effect
Heterogeneity: I2 = 48%, p = 0.02

Location = Asia          

Location = Europe        

Location = South America 

Overall effect

Overall effect

Overall effect

Heterogeneity: I2 = 41%, p = 0.06

Heterogeneity: I2 = 0%, p = 0.89

Heterogeneity: not applicable

Qian et al. 2007
Chen et al. 2008
Liang et al. 2009
Chen et al. 2010
Zhang et al. 2011
Chen et al. 2012

Yang et al. 2015
Guo et al. 2017
Ren et al. 2017

Wu et al. 2019
Dehghan et al. 2018

Chiusolo et al. 2011
Faustini et al. 2013

Costa et al. 2017

TE

1.02
1.01
0.79
0.97
1.02
1.03
1.03
0.99
1.06
1.00
1.01
1.03
1.04

1.06
1.06

1.00

seTE

0.0203
0.0148
0.1776
0.0967
0.0022
0.0094
0.0094
0.0110
0.0497
0.0362
0.0232
0.0104
0.0099

0.0246
0.0481

0.0071

0.6 0.8 1 1.2 1.4

Risk Ratio

1.02

1.02

1.06

1.00

1.02
1.01
0.79
0.97
1.02
1.03
1.03
0.99
1.06
1.00
1.01
1.03
1.04

1.06
1.06

1.00

95% CI

[1.01; 1.03]

[1.01; 1.03]

[1.02; 1.11]

[0.99; 1.02]

[0.98; 1.06]
[0.98; 1.04]
[0.44; 1.14]
[0.78; 1.16]
[1.01; 1.02]
[1.01; 1.05]
[1.02; 1.05]
[0.97; 1.01]
[0.96; 1.16]
[0.93; 1.07]
[0.96; 1.05]
[1.01; 1.05]
[1.02; 1.06]

[1.02; 1.11]
[0.96; 1.15]

[0.99; 1.02]

weight

100.0%

83.3%

3.6%

13.1%

3.8%
6.1%
0.1%
0.2%

18.8%
10.4%
10.4%
8.9%
0.8%
1.4%
3.1%
9.4%
9.9%

2.8%
0.8%

13.1%

Study

Overall effect
Heterogeneity: I2 = 48%, p = 0.02

Study.Design = Time−series   

Study.Design = Case−crossover

Overall effect

Overall effect

Heterogeneity: I2 = 51%, p = 0.02

Heterogeneity: I2 = 42%, p = 0.18

Qian et al. 2007
Chen et al. 2008
Liang et al. 2009
Zhang et al. 2011
Chen et al. 2012

Faustini et al. 2013
Yang et al. 2015
Costa et al. 2017
Guo et al. 2017
Ren et al. 2017
Wu et al. 2019
Dehghan et al. 2018

Chen et al. 2010
Chiusolo et al. 2011

TE

1.02
1.01
0.79
1.02
1.03
1.03
1.06
0.99
1.00
1.06
1.00
1.03
1.04

0.97
1.06
1.01

seTE

0.0203
0.0148
0.1776
0.0022
0.0094
0.0094
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