288 HEE A7 d=EXY, 2018




1on

istory of air pollut

H

London, 1952

Great Smog,

(H,S0,) 27l &8

e

olst

(sulfur dioxide, SO,)=

A




Basic definition of air pollution

Primary air pollutants/secondary air pollutants

Gaseous air pollutants/particulate air pollutants

Fig. 1. Size range of airborne particles, showing the health-related ultrafine, PM,s and
PM,, fractions and the typical size range of some major components
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WHO Air quality guidelines

PM10

PM2.5

20 pg/m3 annual mean
10 ug/m® annual mean
100 ug/m® 8-hour mean
40 ug/m® annual mean

20 ug/m3 24-hour mean

50 ug/m3 24-hour mean

25 pug/m3 24-hour mean

200 ug/m3 1-hour mean

500 ug/m® 10-min. mean

WHO air quality guidelines, 2005



O|M|™HX| Particulate Matter

Particulate matter less than 10 um in diameter; PM10
Coarse;PM10(0| M| HX]), Fine;PM2.5(xX 0| M| X]), Ultrafine;PM0.1(=0| M HX|)
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Figure 4: Compartmental deposition of particulate matter

Guarnieri et al, Lancet 2014.
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Lungs

= Inflammation

- Oxidative stress

- Accelerated progression and
exacerbation of COPD

- Increased respiratory symptoms

- Effected pulmonary reflexes

- Reduced lung function

Heart

- Altered cardiac autonomie
function

- Increased dysrhythmic
susceptilbility

- Altered cardiae repolarization

- Increased myocardial
ischemia

O
—

H2EE

7| -

Blood

- Altered rheology

PM - Increased coagulability

- Translocated particles

- Peripheral thrombosis

- Reduced oxygen saturation

inhalation

Brain

- Increased cerebrovascular
ischemia

Vasculature

r - Atherosclerosis, accelerated
progression of and
destabilization of plaques

- Endothelial dysfuncion

- Translocated particles

- Vasoconstriction and
Hypertension

Systemic Inflammation
Oxidative Stress

- Increased CRP
- Proinflammatory mediators
- Leukocyte & platelet activation

Modified from Pope Ill and Dockery, 2006
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Samet et al. N Eng J Med 2000.

Mortality STUDY RESULTS

Acute NMMAPS 0.2% daily deaths per PM10 10 pg/m?3 USA (90)
Acute APHEAS 0.6% daily mortality per PM10 10 ug/m3  Europe (29)
Cohort: Survival HSCS Mortality per PM2.5 USA (6)

Cohort: Survival ACSS Mortality per PM2.5 USA
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. . Study Age
AL
Source Study design Pollution HALHE No period ranges
Oftedal et al. Cross-sectional PM2.5/10 PEF 2,307 9-10A]|
. . FVC, FEV1, FEVO0.75
_ I I 1 _ A
Raizenne et al. Cross-sectional PM FEF25-75, PEFR<85% 10,251 8-12A
Peters et al. Cross-sectional PM2.5/10 FVC, FEV1, MMEF, PEF 3,293 9-16A
Gauderman et al Prospective PM2.5 FEV1 100ml/8yrs 1,759 81 gd
) cohort : ' = 10A|
Avol et al. PM10 7|85 42 110
Rojas-Martinez et al. PM10 HI|s¥8E&E 44 34
Abbey et al.
(NHANES) Cohort PM10>100 ug/m3 FEV1
Downs et al. PM10 annual mean | FVC 3.4%, FEV1 1.6% ZA
il o1 A = -60A
Schikowski et al. Cohort PM10 10 ug/m3 FEV1 1.3% FVC 1.7% Zt&

(SALIA)

S7HA




= Children’s Health Study
= 10-18AM| Of2l0] (n=1,759), H7|s AAI =X & (8)

Gauderman et al. N Eng J Med 2004.

1. Oi7 |22 He HY|S HAF ¥ (84)

Pollutant FvC FEV, MMEF
Difference Difference Difference
(95% CI) P Value (95% Cl) P Value (95% CI) P Value
ml ml ml fsec
0O,
10 a.m.~6 p.m. -50.6 (-171.0 to 69.7) 0.37 -22.8 (-122.3 to 76.6) 0.62 85.6 (-130.0 to 301.1) 0.40
1-Hour maximal level  -70.3 {-183.3 to 42.6) 0.20 -44.5 (-138.9 to 50.0) 0.32 45.7 (-172.3 to 263.6) 0.65
NO, -95.0 (-129.4 to -0.6) 0.05 -101.4 (-164.5to -38.4) 0.005 -211.0(-377.6to-44.4) 0.02
Acid vapor =105.2 (-194.5 to ~15.9) 0.03 -105.8 (~168.8 to -42.7) 0.004 -165.0(-344810 14.7) 0.07
PM,, -60.2 (=190.6 to 70.3) 0.33 -82.1 (-176.9 to 12.8) 0.08 -154.2 (=373.3 to 69.8) 0.16
PM, 5 -60.1(-166.1t0459) 024  -79.7 (-153.0to-64) 004  -168.9 (-345.5t07.5) 0.06
Elemental carbon -77.7 (-166.7 to 11.3) 0.08 -87.9 (-146.4 to -29.4) 0.007 -165.5 (-323.4to-7.6) 0.04
Organic carbon -58.6 (-196.1 to 73.8) 0.37 -86.2 (-185.6to 13.3) 0.08 -151.2 (-389.4 to 87.1) 0.19

* Values are the differences in the estimated rate of eight-year growth at the lowest and highest observed levels of the indicated pollutant. Dif-
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SAPALDIA study

18-60AM| 42l (n=9,651), H 7|5

PM10 &

o
o

AL =5 2E (119)

Downs et al. N Eng J Med 2007.
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Figure 3. Estimated Effect of Interval Exposure between 1991 and 2002
(Expressed as Mean Annual PM,,) on Mean Annual Decline in FEV,.

The mixed model was refitted with a penalized spline and the use of gener-
alized cross-validation. Interval exposure has been converted to mean an-
nual exposure during the interval for ease of interpretation. PM,, denotes
particulate matter with an aerodynamic diameter of less than 10 ym, and
FEV, forced expiratory volume in 1 second.




Effect of change in PM10 on annual FEV1 decline

Table 2. Estimated Effect of Change in PM,, and of Interval Exposure to PM,, on Annual Change in Lung Function.*

No. of Decrease in PM,, of 10 yg/m? Decrease in Interval Exposure

Variable Participants between 1991 and 2002 of 109 ug/m?3-yr
Effect (95% Cl) P Value Effect (95% CI) P Value

All participants 4742
FVC (ml) 0.2 (-4.3 to 3.9) 0.91 5.3 (-1.1to 11.7) 0.10
FEV, (ml) 3.1 (0.03 to 6.2) 0.045 6.9 (2.1to 11.7) 0.005
FEV, as a percentage of FVC 0.06 (0.01to 0.12) 0.02 0.05 (-0.04 to 0.13) 0.27
FEF,5 55 (ml/sec) 11.3 (4.3 to 18.2) 0.001 14.0 (3.1 to 24.8) 0.01
All participants who never smoked 2213
FVC (ml) 2.2 (-3.4t07.9) 0.43 9.9 (1.3 to 18.4) 0.02
FEV, (ml) 4.2 (0.3 t0 8.5) 0.06 9.3 (2.6 to 16.0) 0.006
FEV, as a percentage of FVC 0.05 (-0.03 to 0.13) 0.18 0.03 (-0.08 to 0.15) 0.59
FEF,5 55 (ml/sec) 11.3 (1.4 to 21.2) 0.03 15.4 (0.2 to 30.6) 0.047

» Decreasing exposure to airborne particulates appears to attenuate the
decline in lung function related to exposure to PM10.




= Adult lung function and lung-term air pollution exposure

= ESCAPE: a multicenter cohort study and meta-analysis
ECRHS, EGEA, NSHD, SALIA and SAPALDIA.

Adam et al. Eur Respir J 2015.

TABLE 3 Results of meta-analyses for the association between level and change of lung function and exposure to air pollution
and traffic intensity indicators

Exposure (increment) Level of lung function (mL)¥
FEV1 FvC
Beta' 95% CI 128 Beta' 95% CI 128
p-value (het) p-value (het)
NO; (10 pg-m~) -13.98 —25.82to -2.14 0.0% -14.93 —28.73 to —-1.13 0.0%
p=0.625 p=0.977
NO, (20 pg-m~) -12.91 —23.79 to —2.04 0.0% -13.25 —25.85 to —0.65 0.0%
p=0.861 p=0.962
PMi0 (10 pg-m~3) —44.56 —85.36 to —3.76 0.0% -58.96 —112.27 to —5.65 0.0%
p=0.628 p=0.785
PMz.5 (5 pg-m™3) -21.14 —56.37 to 14.08 0.0% -36.39 —83.29 to 10.50 0.0%
p=0.535 p=0.877
PMz.5 absorbance (1x10~° m™) —24.40 —55.58 to 6.79 0.0% -12.94 —50.23 to 24.30 0.0%
p=0.709 p=0.619
Coarse PM (5 pg-m~3) —22.36 —94.00 to 49.27 12.6% 2.88 —87.85 to 93.60 0.0%
p=0.333 p=0.760
Traffic intensity on nearest road —27.61 —59.62 to 4.39 29.0% -10.37 —48.23 to 27.49 27.3%
(high/low)’## p=0.228 p=0.239
Traffic load on nearest major road —32.34 —59.30 to —5.38 0.0% —18.64 —50.22 to 12.94 0.0%

in a 100-m buffer (high/low)** 11 p=0.784 p=0.967
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= Air pollution and lung cancer incidence in 17 European cohorts:
prospective analyses from the European Study of Cohorts for Air
pollution effects (ESCAPE)

= Europe?l| 177l cohorts (n=312,944) &

O|85t0 FEU A air pollution
(PM, NOx)Z} Lung cancer 2 Y- E 2%

(12.8 yrs)
Raaschou-Noelsem et al. Lancet Oncol 2013.

Meta-analysis of association between risk for lung cancer and PM

Increase Number HR(95% CI) Measures of heterogenelty
of between cohorts
cohorts (model 3)
Model 1* Model 21 Model 31 F p value
PM,, 10 pg/m? 14 132(112-155)  1.21(1:03-1.43) | 122(103-145) 0-0% 0-83
P, E pg/m? 14 1-34(1-09-1-65)  1-17 (0-95-1-4E) 118 (0-96-1-46) 0-0% 09z
PM..... C pg/m? 14 119(0-99-142) 1.08(089-131) 1.09(0-88-133)  33-8% 0-11
PM b 105m 14 1-25 (1-05-1-50) 109 (0-87-1-37) 112 (0-88-1.42) 19-0% 0-25
NO, 10 pg/m? 17 1-07 (1-00-1-14) 0-99 (0-93-1-06)  0-99(0-93-1.06) 0-0% 070
NOx 20 pg/m? 17 108 (1-02-114)  1.01(0:95-1-06)  1.01(0-95-1-07) 0-0% 0-62
Traffic density on nearestroad  S000 vehicles 15 1-.02 (0-98-1-06)  1.00(0-97-1-04)  1.00 (D-G7-1-04) 0-0% 0-90
per day
Traffic load on major roads 4000 vehicle-km 16 1-10(1-00-1-21) 1.07 (0-97-1-18) 1-09(0-98-1-21) 0-0% 0-92
within 100 m per day




Study HR(95%Cl)  Weight (%)
HUBRO 1.06 (050-227) 492
SNACK el | 089(037-212) 371
SALT 069(032-147) 482
Shty 163 (072-367) 429
SDPP 117 (0-40-340) 248
DCH N — 110(0-69-176) 1277
EPIC-MORGEN = 036(008-157) 133
EPIC-PROSPECT » 189(035-1031) 098
EPIC- Oncford 1.64(050-539)  1.99
VHMEPP — 120 (0-87-166) 2770
EPIC- Turin b 145(0-69-304) 511
SIDRIA-Turin - 141(0-46-431) 237
SIDRIA-Rome | = 135(0-85-216) 1285
EPIC-Athens 1.55(1.00-2-40) 1479

122 (1:03-1.45) 100.00

5

Overall (I*=0-0%, p=0-828)

025 05 1 2 4 6
B
HUBRO T 0-83(035-2.00) 574
SNAC-K 4 - 073(012-437) 138
SALT “ - p 124(0-23-676) 154
Sixty 156 (0-41-598) 245
SDPP p  201(040-1001) 171
DCH — mm 091(052-160) 1409
EPIC MORGEN « 0-49 (0:08-321) 126
EPIC-PROSPECT “ » 109(0-17-699) 128
EPIC-Oxcford < 053(015-1.91) 273
VHMEPP —— 132(0.97-1.81) 4456
EPIC-Turin 160 (0.67-3.81) 587
SIDRIA Turin p 104(054700) 267
SIDRIA-Rome E 133(0:69-258) 1012
EPIC Athens | 090(034-240) 458
Overall (I*=0-0%, p=0-922) <> 118 (0-96-1-46) 100-00
025 05 1 2 -

Figure 3: Risk for lung cancer according to concentration of particulate matter in each cohort study



Association between PM and risk for lung cancer according to histological cancer

subtype
Number of cohorts  HR (95% Cl) for histological cancer HR (95% CI) for standard analysis*

subtype analysis

PM,, PM, M, PM,
All participants
Alllung cancers 14t 1.22(1-03-1.45) 118 (0-96-1-46) 1.22 (1.03-1-45) 1-18 (0-96-1-46)
Adenocarcinomas 11% 1.61(1-10-2-08) 155 (1-05-2-29) 1.22 (1.01-1-47) 1-16 (0-92-1-45)
Squamous-cell carcinomas 75 0-84 (0-50-1-40) 1-46 (0-43-4-90) 119 (0-94-1.51) 118 (0-91-1.52)
Participants who did not change residence
Alllung cancers 109 1-48 (116-1-88) 133 (0-98-1-80) 1.22 (1.02-1-46) 1-20 (0-96-1-51)
Adenocarcinomas 8ll 227 (1-32-3.91) 1.65 (0-93-2-95) 119(0-98-1-45) 117 (0-92-1-49)
Squamous-cell carcinomas 3= 0-64 (0-28-1-48) 0-65 (0-16-2-57) 1.21 (0-94-1.55) 1-22 (0-93-1-60)

Meta-analysis results based on confounder model 3. See appendix (p 25) for numbers of participants and lung cancer cases contributing to each meta-analysis result. HRs are
per 10 pg/m* of PM,, and per 5 pg/m® of PM_ . HR=hazard ratio. PM, =particulate matter with diameter <10 pm. PM, _=particulate matter with diameter <2-5 pm.*Standard
analysis, disregarding histelogical cancer subtype (ie, with all lung cancers as the endpoint and including all participants in the same cohorts as used in the histological cancer
subtype analysis). THUBRO, SNAC-K, SALT, Sixty, SDPP, DCH, EPIC-MORGEN, EPIC-PROSPECT, EPIC-Oxford, VHM&PP, EPIC-Turin, SIDRIA-Turin, SIDRIA-Rome, EPIC-Athens.
tHUBRO, SALT, Sixty, SDPP, DCH, EPIC-MORGEN, EPIC-PROSPECT, EPIC-Oxford, VHMEPP, EPIC-Turin, EPIC-Athens. §Sixty, SDPP. DCH, EPIC-MORGEN, EPIC-PROSPECT,
EPIC-Oxford, VHMEPP. THUBRO, SNAC-K, SALT, Sixty, SOPP, DCH, VHMEPP, SIDRIA-Turin, SIDRIA-Rome, EPIC-Athens. [|[HUBRO, SNAC-K, SALT, Sixty, SDPP, DCH, VHMEPP,
EPIC-Athens. **Sixty, DCH, VHMEPP.

Table 3: Associations between PM,, and PM, . and risk for lung cancer for all participants and those who did not change residence during follow-up,
according to histological cancer subtype




Mechanisms and biomarkers: air pollution and lung cancer

Table 11.1 Summary and examples of positive findings from human biomarker studies investigating combustion-related

outdoor or indoor air pollution

Type of damage

Excreta/cell type studied

Main type of particulate
eXposune

Reference

[ac terial mutagenicity

DMA damage

Bulky/armmatic or PAH-DNA
adducts

Oixidative (S-oxn-2'-
deox YL anosi ne)

DMA darmage/strand breales tail
length in comet assay

[DMA fragmentation (%)

Urine (aduls)

White blood cells/lym phocytes from peripheral blood,

umbilical cord leukocytes (adults, newborn infants of
mothers with exposure)

Placenta

White hlood cells/lym phocytes from peripheral hlood,

nasal epithelivm (adults, children)

White Hood cells from peripheral blood, nasal
epithelium (adults, children)

Sperm cells

Outdoor air pollution wrban/
traffic exhausts)

Outdoor air pollution wrban/
traffic exhansts, industrial site,
coal heating)

[ ndoor air pollution lemissions
from domestic smaoloy coal
combustion)

[ ndoor air pollution (emissions
from dormestic smoloy coal
combustion)

Crutdoor air pollution (urban/
traffic exhansts)

Outdoor air pallution wrban/
trafhe exhausts, industrial site)

Outdoor air pallution {coal
heating, industrial site)

IARC and WHO, Air pollution and cancer 2013.

Han sen et af (20047

Farmer et al. (1996]

Peluso et al, (1998)

Whyatt et al (1998)

Autrup et al. (1999)

I'.I”i =14 ||.I. {2001

Ruchirawa et al (2002)

e ] - -
Perera et ai, (2005)

. (2012}

Dlemetrioun & a

Mumford et al. (1993)

Mumford et al. (1993)

. ')
Calderen -Garciduenaset al

(189596, 1997, 1998)

L1 ¥, 1A, LA ]
Loft & al. (1999)
sorensen etal, [ 2003a,

200 3k)

Demetrion et al, (2012)

Valverdere et al. (1997)

Calderon- Garciduenas et al

(15465, 1997, ] 595)
Rubes ef al. (2005)




Table 111 (continued)

Typeof damage

Excreta/cell type studied

Main type of particulate
X[ SUTE

Reference

Cytogenetic effects

Chromosome abherrations,
micrormclei, or sister chromatid
exchanges

Crene mutations

FIPRT gene

TP53 gene

K-ras (or NRAS or HEAS) gene

Differential DN A methylation
Incr cased methylation in gene
promaoter region {ACSL 3 gene,
INF-y gene)
Decreas ed methylation of NOSI,
NOS2A, or NOS3 gene (various
Cpt locior gene promaoter)
Hypomethylation of LINE-1 and/
or ALU repeats
Diecreased global DRA

methylation

Lymphocytes from peripheral blood, buceal cells
(adults, children)

Lymphocytes from umbilical cord blood (newborn
infants of mothers with exposure)

Lung tumour tissue (nonsmokersl lung epithelial
cellsin sputum from nonsmokers with no evidenceof
cancer

Lung tumour tissue (nonsmokers), lung epithel ial
cellsin sputum from nonsmokers with no evidenceof
cancer

Leukooytes from nmbilical cord blood (newborn
infants of mother with exposure)

Bucecal cells (children)

White blood cells from peripheral blood {adults)

Lenkocytes from nmbilical cord blood (newborn
infants of mothers with exposure)

Crutd oor air pollution mrban/
traffic exhausts, industrial site)

Crutd oo air pollution furban/
traffic exhausts, heating],
transplacental ex posure
Indoor air pallution (emissions
from domestic smoky coal
combustion)

[ndoor air pollution (emissions
from domestic smoky coal
combustion)

Crutd oer air pollution orban !
trafhe exhausts)

Crutd oor air pollution furban/
trathe exhauvsts, residential
commun ities)

Crutdoor air pollution (urban/
trafhc exhausts)

Crutd oor air pollution furban/
trafhe exhausts)

Chandrasekaran & al

(1986
LE ¥ 220

Zhao e al (1998)

Michalska et al. (1999)

1 i %\
Borgaz et ai, (20027

Huen et al (2006}

[shikawa et al. (2006)

Sreedevi ef al. (2006, 2009)

Rossnerova e al, (2009)

i s o] -
Perera ef ai. (2002

Dedarini et al (20001)

Eeohavong et al. (2005)

Dedarini et al (2000)

Keohavong et al. (A03]

Keohavong ef al, (2005

e | \
Perera et al, (2005

lang et al (20012)

o .
Breton et al, (2012)

Salam et al (2002)

Baccarelli et al (2009}

Madrigano et al. (2011)

Herbatrman et al. (20123

IARC and WHO, Air pollution and cancer 2013.



O] M| X| 2} COPD

= |ncidence, prevalence of COPD
» Exacerbation of COPD: ER visit or admission

= Mortality of COPD

TABLE 3 Examples of respiratory clinical effects associated with air pollution

Increased respiratory mortality

Increased incidence of malignancies of the respiratory tract

Increased incidence, prevalence or frequency of exacerbations in chronic pulmonary disease: asthma, COPD and cystic fibrosis
Increased incidence or severity of upper and lower respiratory tract infections

Increased respiratory symptoms that affect quality of life: cough, phlegm, wheezing, dyspnoea and nasal drainage

Increased incidence of preterm birth, low birthweight or growth restriction leading to adverse respiratory outcomes

Reduced growth of lung function in children

Transient [hours) reductions in lung function associated with symptoms in healthy individuals

Transient [hours) reductions in lung function without symptoms in especially susceptible individuals [e.g. children with severe asthmal)
Persistent or chronic [weeks, months or years) reductions in lung function

COPD: chronic obstructive pulmonary disease.

Thurston et al. Eur Respir J 2017



= Association between COPD admission and PM10
= Meta-analysis from

Source Study design OR 95% ClI No Study period | Age ranges
Chen et al. Time-series 1.018 1.004-1.033 3,115 1990-1994 All ages
Zanobetti et al. Time-series 1.025 1.018-1.033 NA 1986-1994 65K 014}
Zanobetti et al. Time-series 1.019 1.008-1.030 NA 1986-1994 All ages
Anderson et al. Time-series 0.993 0.972-1.014 NA 1994-1996 All ages
Chen et al. Time-series 1.162 1.068-1.263 4,409 1995-1999 65A10] &t
Yang et al. Time-series 1.157 1.060-1.253 6,027 1994-1998 65A10] &
Peel et al. Time-series 1.018 0.994-1.043 NA 1993-2000 All ages
Medina-Ramon Time-series 1.015 1.093-1.021 578,006 1986-1999 65101 &
Ko et al. Time-series 1.024 1.021-1.028 199,225 2000-2005 All ages

1.044 1.025-1.065
Lee et al. Case-crossover 25,108 1996-2003 All ages
1.081 1.060-1.103
Yang et al. Case-crossover 1.050 1.037-1.064 46,491 1996-2003 All ages
1.013 0.998-1.029
Johnston et al. Time-series 1.21 1.00-1.47 NA 2000-2005 All ages
Arbex et al. Time-series 1.091 1.021-1.174 1,796 2001-2003 65AI0] &
Sauerzapf et al. Case-crossover 1.079 0.980-1.188 1,050 2006-2007 All ages
David et al. Time-series 0.997 0.984-1.011 NA 1990s-2000s All ages
Belleudi et al. Case-crossover 1.003 0.990-1.016 15,087 2001-2005 35M101 &
Morgan et al. Time-series 1.038 1.014-1.063 36,772 1994-2002 65101 &
Tam et al. Case-crossover 1.05 1.01-1.09 111,419 1998-2002 All ages

2L =28, 2014




Risk for COPD admission associated with PM10

Study o
0 OR (95% Cl) Weight
Chen ot al (2000) = 102(1.00,103) 880
Zanobett et al (2000) < 102(1.02,1.03) 808
Zanobetti et al (2000) = 1.02(1.09, 1.03) 748
Anderson et al (2001) o 099(097,101) 541
Chen ot al (2004) 1.16 (1.07, 1.28) 083
Yang et al (2005) " : 116(1.06, 125 083
Poel ot al (2005) _._ 102099, 1.08) 487
Medina-Ramon et al (2006) % 1.01(1.01,102) 825
Ko et al (2007) ' g 1.02(1.02,1.03) 851
Lee et al{2257) (2007) bz 104(1.02,107) 580
Lee ot al(<251T) (2007) Rptt 1.08 (1.06, 1.10) 565
Yang et al{z20C ) (2007) = 105(1.04,1.06) 7.08
Yang et al{<20'C') (2007) 22 1.01(1.00,1.03) &58
Johnston et al (2007) _ = 1.21(1.00, 1.47) 017
Arbex et al (2009) - “109(1.02.1.17) 115
Sayerzap! ot al (2009) b= 108(098, 1.19) 0865
David et al (2000) :_ ' 100(0.98,101) 694
Valeri et al (2009) : 1.00(0.99, 102) 7.0

- Overall (I-squared = 83.9%, p < 0.001)

1.03 (1.02 — 1.04)




= Association between COPD mortality and PM10

= Meta-analysis from

Source Study design OR 95% ClI No Study period | Age ranges
Tellez-Rojo et al. Time-series 1.041 1.013-1.069 2,294 1994 65MI101 2
Moolgavkar Time-series 1.011 1.000-1.021 NA 1987-1995 All ages
Braga et al. Time-series 1.017 1.001-1.033 NA 1986-1993 All ages
Sunyer et al. Case-crossover 1.042 1.000-1.089 2,305 1990-1995 All ages
Wong et al. Time-series 1.017 1.002-1.033 NA 1995-1998 All ages
Kan et al. Time-series 1.005 0.999-1.011 NA 2000-2001 All ages

1.038 0.987-1.317 45A10]1 et
. . _ 1.035 0.958-1.135 45-64
Fischer et al. Time-series NA 1986-1994
1.042 0.998-1.093 65-74
1.017 0.991-1.045 75K101 &
Kim et al. Time-series 1.010 0.997-1.023 NA 1995-1999 All ages
Bateson et al. Case-crossover 1.006 0.992-1.020 16,403 1998-1991 All ages
Zeka et al. Time-series 1.004 0.986-1.010 NA 1989-2000 All ages
Neuberger et al. Time-series 1.035 1.004-1.067 2,872 2000-2004 All ages
Forastiere et al. Case-crossover 1.008 1.002-1.015 34,627 1997-2004 65AK10l 2t
Fischer et al. Time-series 1.018 1.011-1.024 NA 1992-2006 All ages

=

A Hag

|25 2014




Risk for COPD mortality associated with PM10

Study %
D OR (95% CI) Weight
Tellez-Rojo ot al (2000) : 1.04(1.01,1.07) 118
——
Mooigavkar ot al (2000) ‘ 1.01(1.00.1.02) 7.89
Luss et al (2001) _.. 1.02(1.00, 1.03) 344
Sunyer et al (2001) e 1.04 (1.00. 1.09) 047
-._._
Wong et al (2002) i 1.02(1.00, 1.03) 367
Kan et al (2003) . 1.00(1.00, 1.01) 2389
Fischor ot al (2003) Sy 1.04 (0,90, 1.32) 0.02
Fischer ot al (2003) - 103(096,113) 012
Fischer et al {2003) | 104(100.109) 041
'-;—.—
Fischer et al (2003) \ 1.02(0.99, 1.04) .21
——
Kim &1 al (2003) ! 1.01(1.00, 1.02) 514
o
Bateson ot al (2004) .'.. 1.01 (099, 1.02) 440
Zoka ¢! a! (2005) o 1.00(0.99,101) 589
-
1

Neuberae ot al (2007)

- Overall (I-squared = 34.9%, p = 0.083)
|

1.03¢1.00.1.07) 092

1.01 (1.01 - 1.01)



= Association of ambient air pollution with the prevalence and incidence
of COPD

= 4 Cohorts (n=6,550) using ESCAPE exposure estimates

= COPD and NOx, PM10
Schikowski et al. Eur Respir J 2014.

COPD incidence GOLD stage 1+ females Weight %

Study ES (95% Cl) (1-V) N
TABLE 4 Adju Traffic intensity on nearest road rs) and both the
prevalence an  gxpa| pja —— 214(1.31-349) 6476 so1  Of normal
Exposure® ECRHS S BN — 1.23(045-3.41) 1503 960 | stages

NSHD s 0.79(0.08-7.64)  3.01 401

SALIA — | - 1.48(0.57-3.83)  17.20  4b7 p-value (het.)

|-V subtotal (I-squared=0.0%, p=0.644) <> 1.79(1.21-2.66)  100.00
NO, D+L subtotal < 1.79 (1.21-2.66) p=0.789
NO, p=0.602
PM1o Traffic load on major roads within 100 m p=0.855
PM2.5 SAPALDIA I 131(0.82-2.09) 55.13 79 p=0.645
PM25tabs] ECRHS . 119(0.42-3.36) 1136 912 p=0.703
PMcoarse p=0.000
Traffic intensity NSHD . 0.39(0.04-3.35)  2.61 401 5=0.902
Traffic intensity SALIA _——— 1.58 (0.84-2.96)  30.89 467 p=0.175

100 m buffer |-V subtotal (I-squared=0.0%, p=0.660) <> 1.33(0.94-1.88) 100.00
D+L subtotal <> 1.33(0.94-1.88)
I I
0.0447 1 22.3
Decreased risk Increased risk

Odds ratio
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Merrifield et al Epidemiologic study  Large dust storm in Sidney, 2009 Environ Health
Short-term exposure  Increased ER visit of asthma patients 2013
(RR 1.23)
Alskandar et al Crossover study PM and hospital admission and Thorax 2012
children asthma
Balmes et al Cross sectional study PM exposure and resporatory outcome Environ Res
in adult asthma 2014
Batterman et al RCT Children with asthma and in door PM  Indoor Air 2012
Guarnieri et al Review 2009-2014 Outdoor air pollution and asthma Lancet 2014
studies
Gruzieva et al Meta-analysis Air pollution exposure and allergic JACI 2014

senitization in children



= Qutdoor air pollution and asthma

= Review of clinical epidemiologic/experimental studies recent 5 yrs: effect of

PM, gaseous pollutants, mixed traffic-related air pollution

Guarnieri et al, Lancet 2014.

> Short-term exposure to PM2.5 and PM10 in patients with asthma

Associated with asthma symptoms (children with allergic sensitisation)
Healthcare use

> Long-term exposure to PM

Associated with Poorly controlled asthma
Decrements in lung function
Healthcare use

» Cause of incident asthma: PM10 during pregnancy and infancy associated with

asthma incidence in birth cohort



Mechanistic framework for air pollution effects in asthma

Airway remodelling
genes

Airway

responsiveness genes

Antioxidant genes

Immune response genes

<4—Air pollutants —Il

l

Oxidative stress Th2 phenotype
Allergen—p—Air
pollutants
Injury and Sensitisation
inflammation

v v

.

Asthma

Airpollutants—hl

Exacerbations




PMas
BAMSE - i3
PIAMA - L |
LISA/GINI South{ ¢
LISA/GINI North - Ho
MAAS H ~—
Combined By
12
OR and 95%Cl
PMio
BAMSE - Loy
PIAMA - o S 1,
LISA/GINI South o
LISA/GINI North - e
MAASH T —
CombinedA ooy
1 23
OR and 95%Cl

BAMSE - ——— i
PIAMA ——
LISA/GINI South{ §F—o—1
LISA/GINI North - — s
MAAS " s
Combined L
[ T T
1 2 3
OR and 95%Cl
PMDCIEII‘S-E
BAMSE - iy
PIAMA ! » .
LISA/GINI South-| 'F—o——
LISA/GINI North 4 — yr— —
MAASH F > 1
Combined ==
[ | |
1 2 3

OR and 95%Cl

Gruzieva et al, J Allergy Clin Immunol 2014.
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= Air pollution and respiratory infections during early childhood

= 10 European Birth Cohorts (ESCAPE project)

= Air pollution and pneumonia, croup, otitis media

Maclintyre et al. Environ Health Perspect 2014

Risk of pneumonia and PM10

n OR (95% CI) OR (95% CI) Weight

Pneumaonia EI i
BAMSE 3,694 [ZeS 1.19(0.95, 1.5) 69.4
GASPII 678 —a— 1.06 (0.54, 2.06) 8.1
GINI/LISA South 3.3 [ 1.29 (0.8, 2.08) 15.5
GINI/LISA Morth 2,460 H——=&——  2.75(0.85, 8.87) 2.6
INMA Sabadell 402 ; & 9.99(0.76, 131) 0.5
MAAS 694 9] 1.110.04, 31.5) 0.2
PIAMA 3,454 O 1.42 (0.53, 3.83) 36
Combined 14,703 I3 1.24(1.03, 1.5)

Otitis media
BAMSE 3,694 Y 0.97 (0.85, 1.09) 67.9
GASPII 678 & 3 0.89 (0.69, 1.15) 15.9
INMA Sabadell 402 —a—i 0.98 (0.62, 1.57) 4.7
LISA South 1.241 i 1.07 (0.71, 1.62) 6
LISA North 269 ; h— 0.55 (0.06, 5.14) 0.2
PIAMA 3,454 = 1.27 (0.82, 1.97) 0.3
Combined 9,733 S 0.97 (0.88, 1.08)

Croup
BAMSE 3,694 JEH 0.99(0.81,1.2) 75
GINI/LISA South 332 N 0.86 (0.59, 1.26) 19.5
GINI/LISA North 2,460 — 1.12 (0.49, 2.59) 41
MAAS 695 [ m i 1.65(0.4,6.8) 1.4
Combined 10,170 ]l 0.97 (0.82, 1.15)

0.1 1 10



= Adverse effects of outdoor pollution in the elderly

= Review of outdoor pollution and mortality, hospitalization, morbidity in

elderly
Simoni et al. J Thor Dis 2015

Pollutants
PM,, PM,s NO, SO, (0] 0Os BS:

Mortality (cardiopulmonary, respiratory) ««--=--s-ssssseeseacossosmseemscmsmocKooemsomsmosmscsmccsnccnscsnsices Karosneas oo >

Mortality for pneumonia = ---------srreeeeeees Verrrrre—— ' asianens e e Ferrrrrerr—s >

Hospital admission for respiratory diseases ------------weeeeeeees Keomenmrneamenannancannss e Keeeeeees Ko wmmommrmmmennenenen e >
Hospital admission for asthma and COPD ~ ------ersreesenneeens Pt tmenistiolometmeiestimmtmenrollf et resr g
Hospital admission for pneumonia  -«-«-eeeemeeseenees Keowernenees ) e O Wreeneeees Komememees Kermemmemrnnanans >
Respiratory symptoms  --—-----e--eeereeeeees Hremrmmrmmrm e ene Kooememenens Koo e >

SN DDPR) ~~eeseicio bbb PR >

Visits for respiratory exacerbation oy | JERTOLY , METEE | A . o >
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Overview of diseases condition and biomarkers affected by outdoor
air pollution

Respiratory disease mortality Stroke
Respiratory disease morbidity Neurological development
Lung cancer - Mental health
Pneumonia l@f‘ﬁ\! Neurodegenerative diseases
Upper and lower respiratory symptoms|Sgte-
Airway inflammation R&“\""’/ | Cardiovascular disease mortality
Decreased lung function Cardiovascular disease morbidity
Decreased lung growth \ :‘Y'Jhca'l'_ld"?[l infarction
. rrhythmia

Insulin resistance | , *’”T Congestive heart failure
Type 2 diabetes | rl %) I,"‘ Changes in heart rate variability
Type 1 diabetes — | |L .-"I | \K ST-segment depression
Bone metabolism :| (/ |\$ l| Skin ageing

. |

L < || |
High blood pressure \ (I = \_/ _ Premature birth
Endothelial dysfunction —_\ (il ﬁ; Decreased birthweight
Increased blood coagulation W |” ‘ |' Decreased fetal growth _
Systemic inflammation \\ ‘ ) Intrauterine growth retardation
Deep venous thrombosis h | Decreased sperm quality

\ ‘ ‘ Pre-eclampsia

Thurston et al. Eur Respir J 2017
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17|29 ==0f w2 [ SERIXIR1 PAHS (polycyclic aromatic hydrocarbons)E £0]7|
st ZTHECIS F0i|lM o7 -8 AUS71EE7 (7} 71 SobHo (e, AU (71,
st S)0i| M SlIHEE (high efficacy particulate air fiter, HEPA fiter)2 At2et Z712H7 |7}
O|MTX| &2 £0|= 207t QURUCE O[HX| Hdez HES 21 F2 AUo|A
ALHA € f 27|13E7IE MEsi AU [EE AES| FAI6k= 40| =20| & = QUCh
EHDIH:

Zhou et al, PLoS one 2014
Fisk &l &l Indoor Air 2017
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Schwartz et al, Am J Respir Crit Care Med 2005
Zhong et al. Sci Rep 2017



