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Nitrogen dioxide and mortality: review and

meta-analysis of long-term studies

Annunziata Faustini', Requla Rapp? and Francesco Forastiere'

Total or natural mortality

Studies n RR (95% Cl) 12 %
NO,
All countries 12 1.041 (1.019-1.064 89
Asia 1 1.020 (1.000-1.030
North America 5 1.027 (0.987-1.069 95
Europe 6 1.066 (1.029-1.104 72

European Respiratory Journal 2014




Table S4. Estimates of effects

of NO; from multi-pollutant models on natural and cause-specific mortality.

Risk Total or natural Cardiovascular Respiratory
measu- mortality mortality mortality
rement*  effect 95%CI effect 95%CI effect 95%CI

Gehring, 2006 cardiopulmonary
NO, IQR (24 ng/m’) single RR - 1.02 1.39 - 1.29 2.33
with traffic indicator no changes (data not shown)
Jerrett, 2009 Isehemic heart
NO; IQR (4 ppb) single RR @17 100 136 @45 110 192
with traffic indicator 1.13 097 1.32 1.39 1.05 1.85
Lipfert, 2009
NOx IQR (10 ppb) single RR @08 106 1.1
not
with traffic indicator 1.01 reported
Hart, 2011
NO, IQR (8 ppb) single %R 820 450 12.10 680 o060 13.60 590 -7.40 2110
with PM,;,and SO, 7.40 240 12.50 6.80 -1.40 15.70 5.60 12_.00 26.60
Gan, 2011 Coronary heart
NO, IQR (8 ng/m’) single RR - 1.01 1.08
with PM, s and BC 1.03 0.99 1.07
Cao, 2011
NOx (10 pg/m’) single %IR @50 o040 250 230 o060 4.10 2600 -020 5.60
with TSP 1.40 030 2.50 1.50 -0.40 3.30 2.10 -1.00 5.30
Cesaroni 2013
NO, IQR (11 pg/m’) single HR - 1.02 1.04

with P}'-"Ilj
with traffic indicator

1.02 101 1.03

no changes (data not shown)

* RR=relative risk; %IR= percentage increase in risk; HR= hazard risk



Quantifying the health impacts of ambient air pollutants:
recommendations of a WHO/Europe project
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Table 1 Pollutant-health outcome pairs for which HRAPIE project recommends concentration—response functions (modified from WHO
2013b)

Pollutant metric Health outcome Group  RR (95 % CI) per 10 pg/m’
NO,, annual mean Mortality, all (natural) causes, age 30+ years B* 1.055 (1.031-1.080)
over 20 pg/m’

International Journal of Public Health 2015



Traffic air pollution and mortality from
cardiovascular disease and all causes: a Danish
cohort study

Raaschou-Nielsen, Environmental Health 2012
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Figure 1 Distribution of NO,. Time-weighted average
concentrations of NO, at the residential addresses of 52 061 cohort
participants from 1971 onwards.
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Table E1 Mortality burden of PMs and NO; in London

Pollutant (2010 Life years lost as a result of Equivalent deaths at typical ages
concentrations) equivalent deaths in 2010 in 2010
_ 52,630 3,537
Anthropogenic® PMazs
(9287 to 98,648)° (624 to 6,632)°
NQO; (less certain) (30% Up to 88,113 Up to 5,879
overlap with PMz5)™ (51,629 to 121,918)° (3444 to 8138)°
Total 52,630 up to 140,743 3,537 upto 9,416

* defined in glossary (Annex 11)
® Ranges based on plausibility intervals (statistical and other uncertainties) from COMEAP {2010) for PMzsand 95%

confidence intervals (statistical uncertainty) from WHO (2013b) for NO;. The central estimates are added for the

total but not the plausibility or confidence intervals because the probability of the estimate being at the same far end
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LONDON

of the range in both cases is unlikely.




Understanding the Health Impacts of
Air Pollution in London

The NO; results need to be interpreted cautiously. Whilst at least 70% of the effect of NO; in
the original studies is independent of PM, s, it remains unclear to what degree NO, represents
the effect of primary particles (or other traffic pollutants). This is because NO, concentrations
are very closely correlated with traffic pollutants. For burden calculations, the total effect on
mortality would be the same if NO, was acting as an indicator of other traffic pollutants and
these other pollutants were present in London in the same proportions as in the original
studies.
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Air quality in Europe — 2016 report

Table10.1  Premature deaths attributable to PM,;, NO, and O, exposure in 41 European countries and
the EU-28 in 2013

Country Population PM,; NO, 0,
Annual Premature Annual Premature SOMO35 (9 Premature
mean (%) deaths mean (%) deaths deaths
Total (¥) 467 000 71000 17 000
EU-28 (°) 436 000 68 000 16 000

| AV
European Environment Agency """7'_)



Distinguishing the associations between

daily mortality and hospital admissions = MJ 0 pe n

and nitrogen dioxide from those
of particulate matter: a systematic
review and meta-analysis

2016
| C Mills,” R W Atkinson,” H R Anderson,?® R L Maynard,* D P Strachan?

Conclusions: The association between short-term
exposure to NO, and adverse health outcomes is
largely independent of PM mass. Further studies
should attempt to investigate whether this is a generic
PM effect or whether it is modified by the source and
physicochemical characteristics of PM. This finding
strengthens the argument for NO, having a causal role
in health effects.



8 Open Access

Author,Year City, Study Access Particle Correlation, ES (95% CI
[RMID] Country Period D Co-pollutant  NO,+ PM { )
Amr A Multi-ci
Brook, 2007 |4a§|' 10 Canadian cities, Canada 198-4-2000 15643 Mona —— 0.81 (035, 1.4
15644 P 5 0.54 —— 0.61 (015, 1.4
15645 P, 0.50 —— 0.76 {U 18,1
1565 PMgos 0.3 —— 0.86 (0.30, 1.41
Burnett, 2004 [3000] 12 Canadian cliles Canada 188 1-15949 22171 MNone - 0.50 {u.au. 0.8
22161 MNone —— 0.6210.19,1
2162 P 5 0.48 —— 0.81(0.31,1.30
22164 Ph;y Mone reported s 0.74 (D24, 1.2
22163 [ I 0.27 - 0.73(0.28,117
22172 Visibiity 060 -+ 0.5 (033, 0
Burneti 2000 [135] & Canadian cities,Canada | DB~ 1 50 5771 MNone —— 083 {El.dz, 144
5758 PIL, 0.34 . 0.73 (0.13, 132
P 0.53 —— 0.7710.17,1.38
5759 Piypos 0.34 —yr— 081 (037, 1.45
Amr A Single city
Dmm.*lgssu|3| Coachella ValleyUsa 1989-18982 4055 MNona - 1.46 (-0.38, 3.29
4061 PR, 013 —_— 039 1(-1.75,2.53
Moolgavkar,2003 [162] Cook County,USA 198 7-1985 12723 MNone b 057 (033,081
22003 Py, 043 - 047017, 0.7
Moolgavkar, 2003 [162] Loz Angeles County USA 1987-1985 12744 None * 0.52 {0.40, 0.64
22054 Pl g 0.73 —— 0.47 1003, 0.91
12753 Py 0.0 - 0.73 10.40, 1.05
Kelsall 1987 [236] Philadelphia USA 574 Mo 2 0.07 (0,15, 0. 9
1974-1988 3740 TSP 0.67 g £0.31'(-0.58. -0.05)
Amr B,Single chg'
Borja-Aburto, 1598 [214] Maxico City Meaxico 1953-1585 567 Mona - 055 { 0.26, 1.44)
20142 Pl , 0.57 ———— 0.07 (110, 1.1}
Eur A,Single cit
Wichmann, 2000 1203) Erfurt Germany 19851968 7480 None -+ 1.43 (0,40, 3.26)
22268 PHC 051 —p— 035 {-‘I .29, 2.58
Pelers 2009 [621] 198:5-2001 22212 Mona e . — 041 (-1.17,1.59
21687 PHC 062 -_— =147 (-3.41,0.47)
Breitner, 2005 [1954] 198:5-2002 16174 Mona A 1.08 (-1.83, 4.1{2
22267 PHC 0.62 + 0.91 55.14.3.3 )
Hoek,2000 [175] Netherlands Nethertands 1986-1984 504 None b 1.02 (0.76, 1.28
5560 BS 0.87 - 0.86 (0.45, 1.25
5552 Py, 0.62 —r— 1.69 (092, 2.4
Michelozzi, 1988 [219] Rome,llaly 1982-1985 1196 Mo - 0.43 1010, 0.7
22265 TSP 0.507 H— 0.25 (-0.07, 0.65)
Sear Bigiun le ity
Wong, 2008 [313] Bangkok, Thailand 1989-2003 16196 Mone —— 1.40 {U.EQ. 1.93]&
18270 Py, o7 -1 0.42 (-0.55, 1.389)
Wpr B.Single ci
Ch&n.ém'ﬂg[zmr Anshan,China 200-4-200G 21120 Mona ——— 1.29 (-0.06, 2.64
21121 P, 0.55 — 0.89 (-0.21, 2.69
Wiang, 2008 [313] Hong Kong,China 1986-2002 1 Mona -~ 0.90(0.58,1.21)
16204 Py 0.80 —— 0.86 (0.42, 1.2
Kwion, 19949 [1643] Seoul South Korea 1958 1-1885 143889 Mona ol 0.35 (0.05, 04
22298 TSP 0,774 H- 0.26 1-0.05, 0.56)
Chen, 2008 [1958] Shanghai.China 2001-2004 18752 MNona - 0.897 (066, 1.2
15753 Py o —— 094 (050,13
Wiang, 2008 [313] 16220 Mona - 0.897 (066, 1.2
16318 Py 0.75 — 044 (0.50, 1.37€
Kan, 2003 [7&] 2000-2001 11955 Mona —— 1.49 (080, 218
11885 P, 073 —— 179 n.ao,z.zg;
Kan, 2003 [1531] 15047 Mona — 198 (1.19,27
22270 Py 073 —_— 2.76 1169, 3.84
Qian, 2007 [1945] Wuhan China 2000-2004 15254 Mona —— 1.42 (087,18
15304 P 0.58 — 1.13 (0.45,1
Wang, 2008 [313] 2001-2004 18232 Mona —— 1.85 (1.30, 2 60
18342 Py 075 —— 168 n.ar,z.-ig{
I [ [ |
5 2 1 0 1 2 5
1000xn{RR)

Figure 1 All available studies providing two-pollutant model estimates for meta-analysis for all-cause mortality, all ages, 24-hour
NO,. 1000xIn (RR) approximates to a percentage change per 10 pg/m®. *Single-pollutant model estimate for days with both NO»
and visibility (coefficient of haze, COH) data in Burnett et al,"® [RMID 3000]. —e— NO», single-pollutant —e— NO, adjusted for PM.
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» ASSOCIATIONS BETWEEN NO, AND MORTALITY
RATHER INDEPENDENT FROM PM MASS
(VARIOUS METRICS; BOTH LONG TERM AND
SHORT TERM)

* IS THIS NO, BY ITSELF OR NO, REPRESENTING A
COMPLEX MIXTURE (SI\/IOKING YELLOW
FINGERS OR A BIT OF BOTH)? > &N
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