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Introduction

e Urbanization — Air pollution

e Cause exacerbations or symptoms of pre-existing asthma
— Adverse associations of PM10 with asthma symptoms (OR 1.03, 95% Cl 1.01-1.05)

— Significant positive associations with symptoms but not school absence

Environ Health Perspect 2010; 118: 449-57.
J Allergy Clin Immunol. 2008 May;121(5):1133-1139

e Childhood asthma

— (10 European cities) 14% of the cases of incident asthma in children and 15% of all
exacerbations of childhood asthma <- exposure to pollutants related to road traffic.

Eur Respir J 2013; 42: 594-605

e Can air pollution cause new-onset asthma?
— The incidence of asthma: a change in PM10 per 1 mg/m3 change (HR 1.30 (1.05 -1.61))
-> not sensitive to further adjustments

— Asthma onset (OR per 10 mg/m3: 1.46 (1.07-1.99) and incident asthma (OR 1.54 (1.00- 2.36))
and the levels of nitrogen dioxide (NO2)
-> remained statistically significant after adjusting for potential confounders

Thorax 2009; 64: 664—70.
Eur Respir J 2009; 33: 1261-1267



Lung Physiology in Asthma

Edward MR, et al. Eur Respir J 2017; 49: 1602448
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Air pollution effects in Asthma
Guanieri M. Lancet 2014; 383: 1581-92
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Pollutant exposure
Bateman SS, et al. Eur Reseirl 2008; 31: 179-196
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Antioxidant actions

Sierra-Vargas MP, et al. J Occup Med Toxicol. 2009 Jun 29;4:17
|
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In vitro generation of reactive oxygen and nitrogen
species by neutrophils in contact with PM, . A In vitro

production of reactive oxygen and nitrogen species by neu- Flgll rel
trophils from healthy volunteers (NHV) compared with neu- .y epe . . ey s

trophils from asthmatic patients (NAP), measured by susceptlblhty of |Ipld5 to oxidation. The graph shows a
luminol-enhanced chemiluminescence and expressed as the higher susceptib”ity of ||P|ds from the asthmatic group to
area under the curve (AUC). The graph represents the mean damage as a consequence of oxidative stress

of AUC for each group. B. Each line represents the chemilu- g q :
minescence response of each subject that participated in the

study, before and after treatment with PM, c. The pattern

shows a general increase in this response in the NAP group.



Antioxidant actions
Canova C, et al. Epidemiology. 2012 Jul;23(4):607-15.

In UK , -
TABLE 5. Adjusted® Association of COPD/Asthma

209 admitted asthma patients
PM10- Acute exacerbation

Exacerbations for Each 10-ug/m? Increase in PM,, at Lag
0-3, by Individual Antioxidant Capacity, for 158 Chelsea

and Westminster Hospital Admissions, 2008-2010

Test for
Effect Modifier OR (95% CI) Interaction
Vitamin C P=0.007
<13 pmol/L 21T(1.38-343)
=13 pmollL (.90 (0.56-1.46)
Uric acid P=0238
<136 pmol'L L83 (1.18-284)
=136 pmol'L LI3{0.72-1.77)
Vitamin A P = 0697
<12 pmol/L L3T(0.90-2.07)
=22 pmol/L 160 (1.04-2.75)
Vitamin A (comected for cholesterol) P=015
<0.5 pmol/L LIS (0.78-1.78)
=0.5 pmol/L 202(1.22-336)
Vitamin E P =0.062
<23.7 pmol'L .79 (1.19-2.68)
=13.7 pmol'L 112 {0.66-1.90)
Vitamin E {corrected for cholesterol) P =025
<5.5 pmol/L 164 (1.00-247)
=5.5 pmollL 1.37T(0.83-2.26)

Models adjusted for temperature and humidity.




Antioxidant actions
Reddy P, et al. Am J Ind Med. 2012 Dec;55(12):1078-86.

. 1

In South Africa

GSTM1 TABLE V. Effect of Pollutant Exposure by GSTM1 Genotype (Percent Change®in Intraday Variability” of FEV; Associated With Ambient Levels® of Pollutants

. o From Single Pollutant Linear Regression Models Using Generalized Estimating Equations (GEE
AP-FEV1 variability : : : srauators 659
PM,g $0, NO, NO

GSTM1 Est Cl Est Cl Est Cl Est Gl
Pos Lag —203 —6.95,288 031 —031,093 140 —0.36,3.17 134 —263 5.31
Null 138 —1.52.4.15 044 —(.78,166 017 —0.29,262 -219 —593155
Pos Lag 2 —257 —860,347 009 —044,061 117 —069,3.03 085 — 347517
Null 036 —717789 106 —036,248 —-004 —297.289 —156 —5.38,2.26
Pos Lag3 —052 578,474 —0.56 —144032 168 —058,395 152%  —211516("0.05)
Null —5.66 —1445314 146 —0.75,366 073 377,232 —306 —661,049
Pos Lag4 017 —205,2.38 6.28 —204,1460 07 —122,261 134 —067.336
Null 012 —326,302 410 —13.84,564 182 —182,546 030 -332.292
Pos Lagh 183 -022,3.88 023 —715,667 139 —0.98,3.75 —069 —326,189
Null —104 449240 247 —1407,912 188 —2.53,634 034 —24.310
Pos  Sdayaverage —098' —156—-041('0.00) 108" 044260("0.000 —575° —11630.2(°0.01) | 127 ~1033.58
Null —015 —150,1.20 —118 —289.053 163 —514.840 051 —368.470

Covariates in each model: race, school, caregiver smoking, caregiver education, household income, season, interaction between genotype and pollutants. Bold denctes
significant Pvalu.

“The percent change value shownis for anincrease of one interquartile range in each respective pollutant: NO,: 8.19 ppb; N0:297 ppb,PM,;:294 g m~*50,:98 ppb.
“Intraday variability for FEV, is defined as: 100 (maximum best FEV.-minimum best FEV.)/maximum best FEV1; where the “best FEV, " is the highest valid error-free value for
the specific time of day (08:00 hr,09:45 hr,11:30 hr,and13:20 hr). Anincrease in the estimate foriniraday FEV, is indicative of a negativeimpact onlung function

“Pollution levelsused in regression models combine measured and imputed values.

* Povalue for genotype-pollutantinteraction term < 0,05,

"P-valueforthe change in estimate < 0.05.



Antioxidant actions

In South Africa
GSTP1
AP-FEV1 variability

Reddy P, et al. Am J Ind Med. 2012 Dec;55(12):1078-86.

TABLE V1. Effectof Pollutant Exposure by GSTP1 Genotype (Percent Change” in Intraday Variability” of FEV; Associated With Ambient Levels° of
Pollutants From Single Pollutant Linear Regression Models Using Generalized Estimating Equations (GEE))

PMyg 50, NO, NO
GSTP1 Est ol Est ol Est ol Est ol

AA lagt  —0M ~53150 — 01 ~062,0.39 186*  —014387('0.04) 058 —400517
AG + GG 050 535634 17" 016218('0.03) —340 595885 —15 —553,241
AA lag2  —447° 07018000 022 ~034077 229" 001456("0.00;'0.04) —05 —494464
AG + GG 90 —083,1884 032 113178 —382"  —653—11('0.0) —078 —492,337
AA lagd  —282° —1023520(°0.02) —072" —214.069(70.03) | 233 ~036,502 ~077 532,378
AG + GG 798" 1141478('0.02) 305" 153456('0.00) |-305"  —602-008('0.04) 032 437,874
AA Lag4 035 ~155,224 406  —1387.534  —04f ~291,209 —140  —355,078
AG + GG —086 ~373,202 437 — 306,181 204 —136,545 073 151296
AA lag5 -0 237202 —009 ~781763 046 ~3.25,2.33 —143  —400,14
AG + GG 108 —262477  —103 ~8296.25 266 ~093,263 204 101509
AA 5-dayaverage  —040 —142,062 063 ~101226  —352 —1145,440 191 —085,467
AG + GG 020 —118,163 ~180 ~387,026 442 —327.12A1 063 —209,336

Covariates in each model: race, school, caregiver smoking, caregiver education, household income, seasan, interaction between genotype and pollutants. Bold denotes
significant P-value.

*The percent changevalueshownis for anincrease of one interquartilerangein each respective pollutant: NO: 819 pptNO: 297 ppb,PMy;: 204 g m—50,:9.8 ppb.
*Intraday variabity for FEV,is defined as: 100 (maximum best FEV.-mirimum best FEV.) maximum best FEV1; where the ®best FEV," is the highest valid, emorfree value for
the specific timeof day (08:00 hr,09:45 hr, 130 hr, and13:20 hr). Anincrease in the estimate for intraday FEV, is indicative of a negative impact onlung function.
“Pollutionlevels used inregression models combine measured and imputed values.

* P-valueforgenatype-polutantinteraction term < 0.05.

" P-value for the change in estimate < 0.05.



Immune-response

Enhanced pulmonary neutrophilic inflammation and the promotion of a

Th2/Th17 phenotype
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Chung KF. Lancet. 2015 Sep 12;386(9998):1086-96.

Froidure A, et al. Eur Respir J 2016; 47: 304-319
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Allergen sensitization
Bowatte G, et al. Allergy. 2015 Mar;70(3):245-56.

Meta-analysig of birth cohorts

Study ID Weight Study D Weight
Rano (95%CD)  (1-V) Raﬂ 0(95%CD)  (1-V)
BAMSE ——— 136(099,187) 3020 PIAMA —L— 102(080,130) 8290
PIAMA —_— 096(069,133) 2952
GINI & LISA —_—— 089(052,152) 1710
GINI & LISA — e 75(133,231) 4028
1=V Overall (I-squared = 0.0%,
1-V Overall (I-squared = 73.7%, ~0649 1.00(080,124)  100.00
p=0022) <> 136(L14, 1.62) 10000 p=0649) >
D+L Overall - <> 133 (0.94, 1.88) D+L Overall < > 1.00 (0.80, 1.24)
3 115 2 3 115 2
0dds Ratio Odds Ratio
c D
Odds Weight 0Odds Weight
Study ID Ratio (95% CT)  (1-V) Study ID Ratio (95% CT)  (I-V)
BAMSE —_— 140(L13,173) 6375 BAMSE —— 128(097,168) 3527
PIAMA o 110(083,146) 3625 PIAMA . 113(092,138) 6473
-V Overall (I-squared = 44.0%, <> 128(108,152) 100,00 )
p=0.181) (198,1.2) 1V Overall (I-squared = 0.0%, <> 118(1.00,139) 100,00
p=0474)
DL Overall <> 1.26 100, 1.60) D+L Overall <> 1.18 (1.00, 139)
5 I 15 2 5 115 2
0dds Ratio 0dds Ratio

Figure 4 Early childhood exposure per 2 pg/m® increase in PM, 5 and sensitization to (A) outdoor allergens, (B) indoor allergens, (C) food

allergens at the age of 4 vears and (D) food allergens at the age of 8 years.




Airway hyperresponsiveness

Kim BJ, et al. J Allergy Clin Immunol. 2014 Jun;133(6):1763-5.

N=1,340
2-year prospective survey
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Compartmental deposition of PM

the US Environmental Protection Agency
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PM 10 & 2.5

Ubiquitous atmospheric aerosol
with both anthropogenic and natural sources
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PM: Allergic sensitization

Mann JK, et al. Environ Health Perspect. 2010 Oct;118(10):1497-502

Table 4. Association between air pollution at “representative lag” and
wheeze in selected subgroups of the FACES cohort.

“in a few days”

In California
A cohort of 315 children with asthma
AP-wheeze

“Representative lag” is the one associated with the largest coefficient in the first 7 days.

*p < 0.05.

Subgroup/pollutant

Lag

OR (95% CI)

Allergy to cat dander (n= 49 children, 2,869 panel-days)

NO, (ppb) i 127(1.06-151)*

Poas(bg/m’) 3 1.28(1.09-151)"
NOs (pg/m’) 5 121101145

EC (pg/m’) 6 1.33(1.04-1 71)*
PMy 5 (g/m’) 5 1.23(094-1.62)

0y [ppb) 1 0.93(0.73-1.19)

Allergy to fungi (n =85 children, 4,943 panel- days]

NO; (ppb) 2 1.23(1.10-1.39)*
Py 5 (ug/m?) 3 1.16(1 02 133
N (pg/m’] 5 TTZ(097-1.09)

EC (ug/m?) 6 1.30(1.06- 159)*
PMy 5 (ng/m?) 5 1.16(0.94-1.44)

04 {ppb) 1 1.06(0.92-1.23)

Boys with mild asthma (n= 47 children, 2,901 panel-days)

NO, (pph) i 151 (1.23-1.85)*
PM1-95 g/m’ 3 1.35(1.10-1.65)*
N3 THg7m-T 0 T2 (T03-1 02"
EC (pg/m’) 6 170(1372 2)*
PMy 5 (ug/m?) 5 1.41(1.12-1 77)*
03 (ppb) 1 086 (0.65-1.13)




PM 10 & 2.5

Malig BJ, et al. Am J Epidemiol. 2013;178(1):58—69

* Coarse particle
— Short or long-term exposure : symptom increase, poorly controlled asthma
-> Increased health-care use . -

B)
— Particulate matter from 2.5t0 10 um ]
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PM: Symptom & Hospitalization

In California

Meng Y-Y, et al. J Epidemiol Community Health. 2010 Feb;64(2):142-7.

Table 3 Association (OR (95% Cl)) between annual average air pollution concentrationss and asthma outcomes for California Health Interview Survey

2001 respondents residing in the San Joaquin Valley, California (all ages)

1,502 diagnosed asthma
Sx., ER visit, [Laﬁe)spitdiizdtiun

Daily/weekly symptoms*

Crude

Adjustedt

Emergency department visits/hospitalisation

Crude

Adjusted t

PMio

PM;s

Continuous (per 10 ppb)
Quartile

<210

21110302

303 t0 339

34.0+

Continuous (per 10 pg/m’)
Quartile

<311

31.72 to 42.66

4267 to 44.33

4434+

Continuous (per 10 pg/m’)
Quartile

<11.89

17.90 to 21.39

21.40 to 23.49

2350+

(193 yes, 559 no)

113 (0.88 1.46)

1.00
168 (1.01 to 2.79)
197 (1.19 to 3.26)
144 (0.86 to 2.42)

1.23 (0.94 to 1.50)

1.00
154 (091 to 2.61)
2.18 (1.30 to 3.68)
1,62 (0.95 to 2.61)

(198 yes, 569 no)

(78 yes, 681 no)

147 (1,05 to 2.07)

1.00
244 (118 10 5.07)
175 (0.81 to 3.79)
263 (12710 5.43)

149 (1.05 to 2.11)

1.00
2.35 (1.12 t0 4.95)
1,80 (0.82 to 3.95)
2.65 (1.26 10 5.57)

(79 yes, 695 no)

131 (1.08 to 1.60)

1.29 (1.05 to 1.57)

1.32 (1.01 to 1.73)

1.00
168 (0.99 to 2.85)
196 (1.17 to 3.30)
264 (1.60 o 4.37)

1.00
173 (1.00 to 2.98)
189 (1.11 to 3.22)
251 (149 0 4.21)

(152 yes, 459 no)

186 (1.15 to 2.99)

182 (1.1 to 2.99) |

1.00
139 (0.76 to 2.51)
2,03 (1.14 to 3.60)
239 (1.36 to 4.20)

1.00
153 (0.83 to 2.84)
182 (1.01 to 3.29)
246 (1.38 t0 4.41)

1.00
178 (0.87 to 3.67)
142 (0.67 to 3.01)
217 (1.08 to 4.36)

1.29 (0.99 to 1.69)

1.00
2,00 (0.95 to 4.20)
145 (0.67 to 3.11)
2,03 (1.00 to 4.13)

(58 yes, 559 no)

142 (0.74 to 2.71)

1.00
2,03 (0.85 to 4.36)
2.53 (1.08 to 5.95)
2.23 (094 t0 5.31)

147 (0.76 to 2.84)

1.00
2.15 (0.87 t0 5.29)
2.33 (0.97 t0 5.58)
2.30 (0.95 to 5.56)

*Participants were asked in a single question to report the frequency of asthma symptoms, such as coughing, wheezing, shortness of breath, chest tightness, and phlegm production.
1Adjusted for age, gender, race/ethnicity, poverty and insurance status.
05, ozone; PMy s, particulate matter less than 2.5 um in aerodynamic diameter; PMyq, particulate matter less than 10 pm in aerodynamic diameter.



PM: Symptom & Hospitalization

In California

1,502 diagnosed asthma
Sx., ER visit, hospitalization

Meng Y-Y, et al. J Epidemiol Community Health. 2010 Feb;64(2):142-7.

Table 4 Association (OR (95% Cl}) between annual average air pollution concentrations and asthma outcomes for California Health Interview Survey
2001 respondents residing in the San Joaquin Valley, California by age group*

Children (ages 1-17)

Daily/weekly
symptoms

Emergency
department/
hospitalisation

Adults (ages 18+)

Daily/weekly
symptoms |

Emergency
department/
hospitalisation

Ozone

Continuous (per 10 pph)
PMio

Continuous (per 10 pg/m?)
PMZ.E

Continuous (per 10 pg/m°)

(32 yes, 215 no)
0.76 (0.42 to 1.38)
(36 yes, 222 no)
0.90 (0.60 to 1.37)
(25 yes, 173 no)
0.64 (0.27 to 1.50)

(29 yes, 221 no)
1,63 (0.95 to 2.81)
(31 yes, 230 no)
1.31(0.89 to 1.93)
(21 yes, 179 no)
1.48 (0.62 to 3.50)

(161 yes, 344 no)
140 (1.02 to 1.91)

*Adjusted for gender, race/ethnicity, poverty and insurance status.

1Participants were asked in a single question to report the frequency of asthma symptoms, such as coughing, wheezing, shortness of breath, chest tightness and phlegm production
05, ozone; PMz5, particulate matter less than 2.5 jm in aerodynamic diameter; PMso, particulate matter less than 10 ym in aerodynamic diameter.

(162 yes, 347 no)
143 (1.13 t0 1.82)

(127 yes, 286 no)

2.9 (1.60 to 5.50)

(49 yes, 460 no)
143 (0.87 to 2.34)
(48 yes, 465 no)
1.29 (0.87 t0 1.92)
(37 yes, 380 no)
1.58 (0.56 to 4.43)




PM: Hospital admission in Korea

Lee JT, et al. Epidemiology. 2002 Jul;13(4):481-4.

TABLE 4. Asthma-Related Hospital Admissions by Interquartile Increase in Daily Concentration of Five Pollution Vari-
ables, Using One- or Two-Pollutant Models*

RR
95% C1
Pollutant Baseline + PM; Baseline + SO, Baseline + NO, Baseline + O, Baseline + CO
PM,, 1074 1.05 103 1.06 1.04
1.04-1.11 1.01-1.09 0.99-1.07 1.03-1.10 1.00-1.08
olh UG LIIT WACS] | U5y
1.02-1.14 1.06-1.17 0.88-1.03 1.06-1.17 0.92-1.07
NGO, .13 1.20 L15F 1.14 .12
1.07-1.19 1.11-1.29 1.10-1.20 1.09-1.20 1.03-1.22
O, .10 1.12 111 112} .12
1.05-1.15 LO7-1.17 1.06-1.16 1.07-1.16 1.07-1.17
CO .13 .17 1.04 1.16 L.167
1.07-1.20 1.08-1.27 0.95-1.14 1.11-1.22 1.10-1.22

¥ The baseline model includes the following variables: an intercept, indicator variables for day of week, and smooth spline functions of date, temperature, and humidity.
Values for two-pollutant models indicate the effect of the row pollutant, after adjustment for the baseline variables and the column pollutant.
t From one-pollutant model.



Gases

Oxidative stress in asthma
|

* Ground level Ozone: Photochemical reactions

— sunlight and pollutant precursor: nitrogen oxide, volatile compounds

* Nitrogen oxide: reaction of ozone with nitric oxide emitted during fossil
fuel combustion

* Indoor exposure to nitrogen oxide: burn natural gas
e Sulphur dioxide: energy production or industrial processes

Ozone Nitrogen dioxide Sulphur dioxide
Bronchoconstriction +- - +
Decreased FEV1 and FVC - - -
Increased airway responsiveness + + ~
Airway inflammation + + -
Enhanced responses to inhaled allergen + + +
FEV1=forced expiratory volume in 1 s. FVC=forced vital capacity.
Table 1: Acute effects of short-term exposures to pollutant gases in asthmatic adults

Guarnieri M, Balmes JR. Lancet 2014; 383: 1581-92



Gases
Nitrogen oxide (NO, NO2)

* Experimental data : inconsistent or unclear

50

* Observational data *t l .L
— Reduced response to bronchodilators i % l ] [ . % { i
In Mexico a ﬁii + + T * T T
N=85 ol -
NO2-BD response 0 i : : 4 5

Lag deys

Cadena L, et al. Chest. 2009 Dec;136(6):1529-1536
— Decrements in lung function

2 6
12. -
A B S0, NO, 0, PM,s o El 80, NO, 0, PM,,
=g
i =
£ o
g g
1]
=
b
S * %% ;T ; s %“%‘ { {
b J.T 1 E_z
g s &
e 1
£ ' T T1 u_!|||| u!|||q|||| _4°|’||| T 17T ul,lll ' T TT1
G rilng @ omm @ miem i BSE S e E B m e
229 28%=s 2325 2327 2295 22%s 2525 2829
[ 'E‘; o t ':_'; a?,++':_\; ot o+ o + & 5B+ i:_.; -0—3_‘__'_.;_\; £E13

Liu L, et al. Environ Health Perspect. 2009 Apr;117(4):668-74 22



Gases
Nitrogen oxide (NO, NO2)

20 4
* Exacerbation of asthma 15 lag0
Lag 1 :
10 lEle'_go?z &

In Athens, Greece
3 representative hospitals
AP- Admission for AE 0

Percent Increase
(4]
1

| o

i

o

— e —

Samoli E, et al. Environ Res 2011; 111: 418-24 ]

-10
PM10 S02 NO2-1H 03-8H
* |ncrease in adulthood asthma?
In the US and Puerto Rico
4,329 (2,291 cases), case-control
First Year of Life OR [95% CI] cases/controls; weight
Houston - 08B [055-141] 97 62, 12
Puerto Rico = —_— 108 [0.83-141] 258/ 351 19
-Z_Zhn:agn- ——— 0a4 [0.67 -1 31] 174/ 193 B
MNew York = —— 126 [098-162] 113/ 1562; 25 %
N
SF(GALA) - ——— 120 [0.95-151] 224/ 190; 17
SF(SAGE) - —_— 143 [1.08-188] 437/ 350; 21
Combined - 12=0, Prer=0-3 R 1.17 [1.04-1.31] 1303/ 1298; 100

Early-life air pollution and asthma risk in minority children: Not NOx, O3, PM2.5, PM10
Nishimura K, et al. Am J Respir Crit Care Med 2013; 188: 309-18. >



Gases

Table 3

Nitrogen oxide (NO, NO2)

Studies evaluating adult onset asthma on exposure to air pollution

Castro-Giner et al. [43]

Lindgren et al. [44]

Lindgren et al. [45]

Sweden, UK, Spain Barcelona,
Germany, France, Paris, Belgium

Sweden

Sweden

Exposures to NO; at each of
the participants’
addresses were determined
using air pollution
maps using focal sum techniques
in a global information system model.
Self-reported exposure to traffic, traffic intensity
within 100 m, modeled exposure to NO,
using modified Gaussian dispersion model.

Self-reported exposure to traffic, traffic intensity
within 100 m, modeled exposure to NO, using
modified Gaussian dispersion model.

2044 years

1877 years

18-77 years

NO,

NO,

NO,

No significant association between
NO; exposure and development of asthma.
Significant association between development
of asthma and NO; exposure in those

carrying NQOT rs2917666 genotype.

Asthma diagnosis was associated with living
within 100 m of a road with
greater than 10 cars'min.
Participants with high exposure to
NO, (=19 u ) had increased
odds ratio for asthma symptoms but not diagnosi
Increased prevalence of allergic
asthma was seen for participants
living within 100 m of a road with
greater than 10 cars‘min but not for
non-allergic asthma.
No statistical significance of allergic
and non-allergic asthma prevalence on
exposure to NO, at various concentrations.

Yasmin Hassoun, et al. Clinic Rev Allerg Immunol 2019 Feb 26.

doi: 10.1007/512016-019-08730-3 *



Gases

Ozone

* Short-term exposure: Asthma exacerbation

E GO : [ v
é 03 . .
= &) No2 P x
8 E 03 }; L 2
In Atlanta 3 & E: _—
N=591,386 E ‘_5“ *Prvjzsgz L * -
Ozone-asthma AE HE S _
€ < co : e
g NO2 - — x|
. o ER=S R —
Strickland MJ, et al. Am J Respir Crit g PM2e Al evennemmn
& 03 : -
Care Med 2010; 182: 307-16. g o .

096 098 100 102 104 106 108 110 112 114 116

Long-term exposure: allergic sensitization, new-onset asthma

heavily exposed?

£ 010

£ P for trend =007 ;

% g P trend =026 Low ozone communities High ozone communities

§ 0.08 g 2101 N (incidence)* RR (95% CI) M (incidence)* RR (95% Cl)
E = Number of

b= - sports played

£ 005 =

E g 2.00 0 58 (0-027) 1-0 46 (0-018) 1-0

Z En 1 50 (0-033) 1-3 ({0-9-1-9) 40 (0-021) 1-3 (0-8-2-0)
% 002 = 2 20(0-023) 0-8 (0-5-1-4) 16 (0-020) 1.3 (0-7-2-3)
z =3 9 (0-019) 0-8 (0-4-1-6) 20 (0-050) 3-3 (1-9-5-8)
< 1907

3

000 McConnell R, et al. Lancet 2002;
=

=

1 2 3 4 A > 3 = 359: 386-91.

03 concentration (quariiles) O, concentration (quartiles)

Kim BJ, et al. Ann Allergy Asthma Immunol 2011; 107: 214-109. 25



Gases

In China

30,139 (aged 3-12)

Sulphur dioxide: greatly reduced in the developed world
|

AP- asthmatic symptoms

Pollutant PM;q S0, NO, O3 co

Multi-pollutant (five pofiutants) model’

Males Persistent cough 0.92(0.64-1.34) 1.07(0.81-1.40) 1.18(0.90-1.56) 1.31(0.93-1.83) 0.99(0.75-1.31)
Persistent phlegm 1.08(0.64-1.82) 1.05(0.73-1.52) 1.14(0.79-1.65) 1.11(0.71-1.72) 1.14(0.78-1.65)
Doctor-diagnosed asthma 1.27(0.87-1.87) 0.88(0.66-1.16) 0.91(0.69-1.21) 1.42(1.01-1.99) 0.85(0.64-1.12)
Current asthma 1.40(0.80-2.44) 1.05(0.71-1.54) 0.94(0.63-1.40) 1.28(0.79-2.07) 0.75(0.50-1.11)
Current wheeze 1.39(0.93-2.08) 1.02(0.75-1.39) 1.07(0.79-1.46) 0.73(0.50-1.06) 0.95(0.70-1.29)
Allergy rhinitis 1.17(0.73-1.86) 1.28(0.93-1.76) 1.16(0.84-1.58) 1.11(0.77-1.58) 070(0.51-0.96)

Females Persistent cough 1.24(0.84-1.81) 1.08(0.82-1.42) 1.03(0.78-1.36) 1.04(0.74-1 46) 0.97(0.73-1.28)

Persistent phlegm
Doctor-diagnosed asthma
Current asthma

Current wheeze

Allergy rhinitis

0.96(0.58-1.61)
1.54(1.01-2.39)
2.04(1.24-3.35)
1.13(0.77-1.67)
1.84(1.06-3.19)

0.97(0.67-1.38)

1.45(1.06-1.98)
1.91(1.00-3.67)

0.82(0.62-1.09)
1.15(0.81-1.63)

0.79(0.54-1.14)
0.97(0.72-1.33)
1.34(0.84-2.15)
0.73(0.54-0.97)
1.19(0.84-1.69)

1.98(1.25-3.13)

0.78(0.53-1.13)
0.33(0.19-0.60)

1.66(1.16-2.38)

0.99(0.67-145)

1.22(0.84-1.77)
0.69(0.51-0.95)
0.72(0.45-1.16)
0.97(0.73-1.30)
0.50(0.35-0.71)

Dong GH, et al. PLoS One 2011; 6: e22470.
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TRAP (Traffic-related Air Pollution )

A complex mixture of PM

In Rome

Combustion: elemental or black carbon

Non-combustion: road dust, tyre wear, and brake wear

Primary gaseous emissions: nitrogen oxides

Specifically ambient polycyclic aromatic hydrocarbons and diesel-exhaust particles
Affect regulatory T cell (Treg) function through an epigenetic mechanism

N=2,017, Cross-sectional survey

TRAP-Sx., and signs

Nitrogen dioxide Traffic intensity Heavy traffic Distance to busy roads
Self-reported symptoms
Asthma —eH ——H —e— —e—H
Cough last 12 months —e—H —a— e ——
Phlegm last 12 months —| —— —o— —re—i R S
Rhinitis last 12 months — e e H—e— T
Wheezing | | | |
Ever — ] —— —— e
Transient — —e— ——H e |
Late onset — e e ——— e
Persistent — A ——— —e— ——
I [T 17T | [T T1 | T T | T 11
0.6 1 2 3 45 0.6 1 2 3 45 0.6 1 2 3 45 0.6 1 2 3 45
OR and 95% Cl OR and 95% CI OR and 95% ClI OR and 95% CI

2
Rosenlund M, et al. Thorax 2009;64:573—580.7



TRAP (Traffic-related Air Pollution)

e Distances within 300-500 m of roadways

— The most relevant for effects on human health.

Traffic-related air pollution: a critical review of the literature on emissions,
exposure, and health effects. Boston, MA: Health Effects Institute, 2010.

* Diesel-exhaust particles
— Inisolation, have inconsistent effects in animals and in vitro

— Exposure to such pollutants concomitant with or after sensitisation to variety of allergen

=> Results in oxidative stress, airway hyper-responsiveness, enhanced neutrophilic and
eosinophilic airway inflammation

=> Switch to Th2/Th17 phenotypes

28



TRAP (Traffic-related Air Pollution)

* Regional air pollution + long-term TRAP exposure

§ No,
In California

N=7,492

11,390 asthma-related hospital encounter
TRAP-AP-hospital encounter
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i-d 3-d 5-d 7-d 1-d 3-d 5-d 7-d 1-d 3-d 5-d 7-d 1-d 3-d 5-d 7-d
All Subjects NO, PM,, o Particle Number

Dispersion-modeled traffic-related
air pollutants: upper vs. lower half

Delfino RJ, et al. Epidemiology 2014; 25: 48-57.
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TRAP (Traffic-related Air Pollution )

* Phase 3 ISAAC study

— Representing over 500 000 children and adolescents across five continents
— Identified a dose-response association between symptoms of asthma

Table 4. Association between self-reported truck traffic on the street of residence and symptoms in 6- to 7-year-old children.

No. OR (95% confidence interval)
Group/symptom Country Center Total High vs. never Medium vs. never Low vs. never
All study participants?
Current wheeze 29 70 197,515 1.46 (1.36-1.56) 1.31(1.24-1.39) 1.09(1.03-1.15)
Asthma ever 29 70 197,515 1.32(1.23-1.42) 1.21(1.14-1.28) 1.04(0.98-1.10)
Severe asthma symptoms 29 69 194,932 1.64(1.49-1.80) 1.33(1.22-1.45) 1.08(1.00-1.17)
Rhinoconjunctivitis 29 70 197,515 1.44(1.34-154) 1.24(1.17-1.32) 1.07(1.01-1.13)
Eczema 28 69 194,622 1.37(1.28-1.48) 1.20(1.13-1.28) 1.08(1.02-1.14)

Table 3. Association between self-reported truck traffic on the street of residence and symptoms in 13- to 14-year-old children.

No. OR (95% confidence interval)
Group/symptom Country Center Total High vs. never Medium vs. never Low vs. never
All study participants?®
Current wheeze 46 110 315,572 1.46 (1.36-1.56) 1.33(1.25-1.41) 1.13(1.07-1.19)
Asthma ever 46 110 315,572 1.23(1.16-1.30) 1.11(1.05-1.17) 1.04(0.99-1.09)
Current wheeze—video 35 86 246,658 1.53 (1.40-1.67) 1.35(1.25-1.47) 1.13(1.04-1.22)
Severe asthma symptoms 46 108 310,808 1.65(1.53-1.79) 1.35(1.26-1.46) 1.10(1.03-1.18)
Rhinoconjunctivitis 46 110 315,572 1.49(1.41-1.59) 1.28(1.21-1.35) 1.09(1.03-1.14)
Eczema 45 109 313,085 1.59 (1.47-1.72) 1.35(1.25-1.44) 1.09(1.03-1.17)

Brunekreef B, et al. Environ Health Perspect 2009; 117: 1791-98.
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Possible Risk Modifiers

Previous study Gap

* Young boys than in girls

* Ethnicity

* Socioeconomic status

e Secondhand tobacco smoking

* Neighborhood characteristics: crimes, and green spaces
e Stress

* Diet

31



Future Perspectives

e AlertIn Korea

Ozone alert
PM 10 & PM 2.5 alert

e Considerations

Residency : How far away from the traffic road for residency in Korea?

Indoor pollutant?

Change in treatment? How to do clinicians : Avoid outdoor activities in asthma patients..

Policy Issues
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Future Perspectives

Policy Issues
I

] L] . (=T = =
* Climate change & clean-air regulation 8 T Annual average
- 04|
i S
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S 06 -
10 1000 B 1950 2000
Vehlc/e /’eg/:s'l‘/‘al‘/'on for em[s's/ons Am J RE’S,O//’ Crit Care Med 2014, 189: 512-109.
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Future Perspectives

D N N NN

further studies

The onset of asthma and lag time

Further Cardiovascular clinical effects

Treatment strategies — which level target ?

Methodology: how assuming pre-exposed pollutants?

Air pollutants — climate change — health imperatives

Respiratory disease mortality

Respiratory disease morbidity

Lung cancer
Pneumonia
Upper and lower respirat
Airway inflammation
Decreased lung function
Decreased lung growth

Insulin resistance
Type 2 diabetes

Type 1 diabetes —

Bone metabolism

High blood pressure
Endothelial dysfunction
Increased blood coagulation
Systemic inflasnmation
Deep venous thrombosis

[

sym ptomsiﬁ—,&a;;4

Stroke

Neurological development
Mental health
Neurodegenerative diseases

Cardiovascular disease mortality
Cardiovascular disease morbidity
Myocardial infarction
Arrhythmia

Congestive heart failure

Changes in heart rate variability
ST-segment depression

Skin ageing

_ Premature birth

Decreased birthweight
Decreased fetal growth
Intrauterine growth retardation
Decreased sperm quality
Pre-eclampsia

ERS/ATS STATEMENT. Eur Respir J. 2017 Jan 11;49(1). pii: 1600419
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[MAAH2] Workshop]

“Thanks for your attention.”

Junghyun.kim@nmc.or.kr
jhkimd29@gmail.com
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