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» Particulate matters (PMs)
* PM & Respiratory diseases
(chronic bronchitis, COPD, IPF, Lung cancer)



What is particulate matter?

“a complex mixture of extremely small particles
and gases and includes acids, organic
chemicals, metals, soils and dust’

The United State Environmental Protection Agency
(USEPA)



Biological and chemical components of
particulate matter

ionic species .

sulfates, nitrates, ammonium

Endotoxin

Heavy
metals

cadmium, copper, nickel, vanadiug and zinc

B.ological Particulate @
matter

oxides of silic
titanium, iron

Carboflfacepus

ofmental carbon

Bacteria PAHs

Fungi and
len grains

viruses

Int. J. Environ. Res. Public Health 2016
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v'organic and elemental carbon(OC and EC),
v'water-soluble OC(WSOC),
v'eight ionic species
Par. Aerosol Res. Vol. 2013 . 89-102



Particulate Matter-Associated Bioaerosols

Particu
Particu
Particu

ate Matter-Associated Endotoxins
ate Matter-Associated Bacteria/Virus
ate Matter-Associated Fungi and Pollen Grains

Chemicals in Airborne Particulate Matter

Particu
Particu
Particu

ate Matter-Associated Trace Metals
ate Matter-Associated Polycyclic Aromatic Hydrocarbons
ate Matter-Associated Inorganic Water Soluble lonic

Species
Particulate Matter-Associated Inorganic Mineral Dust
Particulate Matter-Associated Carbonaceous Species



Effects of PM and Its Chemical Constituents on Elderly

Hospital Admissions Due to Respiratory Diseases
-60 years old, admitted from 2010. 3 to 2011.2 in a medium-sized city in Brazil

Respiratory Diseases

Pollutants

%RR (LL, UL)
PM,; 5 8.5 (—6.8, 26.3)
PM> 5 10 23.5(13.5, 34.3)
PMjg 12.8 (6.0, 20.0)
PMjp @ 8.9 (5.2, 12.8)
Soluble ions (PM> 5)
SO4%~ 0.0 (—0.1, 0.1)
NH4* —0.3 (—0.7,0.1)
K* 2.7 (1.1,4.3)

Soluble ions (PM> 5_10)
Cl—

—0.5(—0.8, —0.2)

NO;- —0.1(—0.2,0.1)
SO42~ 0.4 (0.1, 0.6)
Na* —0.4 (—0.8, 0.0)
K+ —0.2(-1.2,0.8)
Ca%* 0.0 (—0.2,0.2)
Mg?* 0.1(—1.5,1.8)

Int. J. Environ. Res. Public Health 2016, 13, 947



PM and Respiratory diseases

PM induced inflammation, fibrosis, apoptosis
PM & COPD

PM & Chronic bronchits

PM & Pulmonary fibrosis

PM & Lung cancer



Different pathways between particulate matter and cells can
induce cellular oxidative stress

Organics Particle surface reactions c arb n - -
4 Metals S & O mlcron-5|zed, Complex
7 Aqueous mixture particles
* solubleucomponents LPS ~ P
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——y TLR4 | EGFR
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Toxicologic Pathology, 35:148-153, (2007)
Environ. Health Perspect.117(1),54-60 (2009)
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- High volume air sampler(Sibata Model HV500F) with an air
flow at 500£/min for at least 6 hours

- mRNA levels of interleukin(IL)-1a, IL-I , IL-8
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Asian Dust Particles Induce TGF- /3| via Reactive Oxygen Species in
Bronchial Epithelial Cells

Sun Young Kyung, M.D,, Jin Young Yoon, M.S_, Yu Jin Kim, M.D,, Sang Pyo Lee, MD., Jeong-Woong Park,
M.D., Sung Hwan Jeong, M.D.

Division of Pulmonology, Department of Intemal Medicine, Gachon University Gil Hospital, Gachon University of Medicine
and Science, Incheon, Korea A
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Asian dust and titanium dioxide particles-induced
inflammation and oxidative DNA damage in C57BL/6

mice
You Jin Hwang!, Ye Sul Jeung!, Min Hae Seo!, Jin Young Yoon?, Dae Young Kim', Jeong-Woong Park?,
Joung Ho Han? and Sung Hwan Jeong?

TiO 12 weeks
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Immunohistochemical detection of 8-oxoguanine

Inhalation Toxicology, 2010; 22(13): 1127-1133



Asian Sand Dust (PM10) Enhances Allergen-Induced Th2
Allergic Inflammatory Changes in BALB/c Mouse Lungs

250 -

Normal saline
Group 1111111 -
Day 1, 2, 3, 4, 6, 7
Group2 f’rfffft
ASD 10 mg/mL i
; Sensitization (IP)25 pg + 1 mg Al{OH): Challenge 2% OVA, 30 min

g

g

Cell count/HPF

8

8

o

Group Control OVA+ASD
Group 4 | | | 1 11 1
Day 1, 1, 14 21, 22, 23, 24
2% OVA, 30 min

Group 3 l l l I

Day 1, 2, 3 4 5 6 17

Group 4 t T t 1 t T '

ASD 10 mg/mL

Inflammatory cells (black arrows) we ore prominent
kang IK. et al Allergy Asthma Immunol Res. 2012 July;4(4):206-213. in the OVA+ASD group



Evaluation of pathologic expression of cytokines in the
murine airway

Cell number/HPF

Group

Eosinophils |L-4 IL-5 TGF-u MUCSAC PAS
Control 0 0 0 0 0 0
ASD 0 96+2.7* 0 0 0 0
OVA 1307 2442 3* 31.0+14.1 36+24 14+53* 100+3.1%
OVA+ASD 4741224 142+100*" 68.4+20,0*" 176474+ 258437+ 286+13*"
Cell counts in bronchoalveolar lavage fluid Serum OVA-specific IgE level
Total cell Differential counts “
number
(x10%mL) Lymphocytes Macrophages Neutrophils Eosinophils e
£ 2
G1 364+35 12403 313464 3704  0.1x001 o
G2 967+113% 80+£39*  490+203* 396+183* 16411 ;‘w
G3 763+125* 76+15%  458+137* 168+34* 63+16* .
G4 91.0+£167* 96+27*  287+138  141+32* 46.7+17.7*" 0
Contral OVA+ASD

Allergy Asthma Immunol Res. 2012 July;4(4):206-213.



Asian Sand Dust(PM10) Enhances Allergic
Inflammatory Changes

« ASD (PM10) increased allergic inflammation in the
ASD+OVA group

 Synergistic effect on the production of OVA-induced

Th2 cytokines as an adjuvant in allergic inflammatory
reactions

* Mucin production through increasing pro-inflammatory
cytokine levels

Allergy Asthma Immunol Res. 2012 July;4(4):206-213.



PM & Pulmonary function



PM & Pulmonary function

* Children (5>11yr)exposure to PM10 causes the loss of 23 ml
in the FEV1 test for every 1 ug/m3 increment of PM10
Environ Health Perspect) (2013,122: 1213-1238), =1.77% (95% Cl: =3.34, -

018%) for a 5-|Jg/m3 Increase in PM2.5(Environ Health Perspect 2013,
121:13567-1364 ESCAPE)

» PM10 reduced annually 3.4% FVC, 1.6% FEV1 per each
increment of 10 ug/m* of PM10 in adult population

Am J Respir Crit Care Med (1997) SAPALDIA

« Effect of a decline of 10 yg/m? of PM10 over an 11-year
period was to reduce the annual rate of decline in FEV1 by
9% and of FEF25-75 by 16% N Engl y Med 2007;357:2338-47 sapaLDIA



Association between level of lung function and

exposure to air pollution

European Study of Cohorts for Air Pollution Effects (ESCAPE), 5 cohort studies
(ECRHS, EGEA, NSHD, SALIA, SAPALDIA)

= ESCAPE monitoring (2008/4-2011/10) air pollution, 14days of three seasons
= 7613 subjects-- Land use regression model, Geographic information system (GIS)
= Spirometry (1985-2010)
—back extrapolated to first/second spirometry
C extrapolate =modelled ESCAPE annual mean Conc x (C routine baseline / C routine ESCAPE)

Exposure (increment) Level of lung function (mL)*
FEV1 FVC
Betal 95% Cl 2% Betal 95% Cl 2%
p-value [het) p-value (het)
NO, (10 pg-m~—) -13.98 -2582 to -2.14 0.0% -14.93 -28.73 to -1.13 0.0%
p=0.625 p=0.977
NO, (20 pg-m~3) -12.91 -23.79 to -2.04 0.0% -13.25 ~25.85 to —0.65 0.0%
p=0.861 p=0.962
PM10 (10 pg-m™7) ~44.56 —-85.36 to -3.76 0.0% -58.96 -112.27 to -5.65 0.0%
p=0.628 p=0.785
PMz5 (5 pg-m™) -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 £.79 0.0% -12.94 -50.23 to 24.30 0.0%

Eur Respir J 2015, 45: 36-50



Association between change of lung function and
exposure to air pollution

European Study of Cohorts for Air Pollution Effects (ESCAPE), 5 cohort studies
(ECRHS, EGEA, NSHD, SALIA, SAPALDIA)

Exposure (increment) Change in lung function (mL per year)
FEV1 FVC
Betad 95% CI 28 Beta® 95% Cl 28
p-value (het) p-value (het)

NO, (10 pg:m ™) 0.30 -039t0 0.98 0.0% 0.02 —~0.84 to 0.88 0.0%
p=0.681 p=0.532

NO, (20 pg-m~3) 0.18 —~0.44 to 0.80 0.0% -0.09 —~0.86 to 0.69 0.0%
0=0.708 0=0.804
PM10 [1ng-m'3] -0.39 ~2.8510 206 53.1% -1.42 —4.53 to 1.70 28.4%
p=0.074% p=0.232

PM25 (5 pg-m™) -0.14 -2.261t0 1.98 23.8% -1.37 —4.04 to 1.29 0.0%
p=0.263 p=0.964

PM2.5 absorbance [1x10™> m™) 0.88 —0.76 to 252 54.5% 1.14 —0.95 to 3.24 4.5%
0=0.066 p=0.381

Coarse PM (5 pg-m_3] 0.24 -3.92 to 4.43 61.7% -1.31 —6.49 to 3.88 0.0%
p=0.034 p=0.506

It seems premature to conclude that long-term exposure to air pollution does
not affect FEV1 and FVC decline.

Eur Respir J 2015, 45: 38-50



PM & Chronic bronchitis



Cross-sectional associations between air pollution

and chronic bronchitis: an ESCAPE meta-analysis
Asthma-E3N,ECRHS, NSHD, SALIA, SAPALDIA

- 10,537 participants in PM analyses, Sx for 3 months for =22 years

model 3 (adjusted for age, sex, smoking, education and season of interview)

Chronic bronchitis

Chronic cough

Chronic phlegm

Outcome
OR OR OR

Exposuret (95% CI) Phett (95% Cl) Phet (95% Cl) Phet

PM, 5 (5 pg/m?) 0.90 0.754 0.91 0.440 0.96 0.850
(0.74 to 1.09) (0.80 to 1.04) (0.84 to 1.11)

PM; 5.5 (per 107> m™")  1.02 0.504 1.01 0.070 1.02 0.693
(0.85 to 1.22) (0.89 t0 1.15) (0.88 to 1.18)

PMyo (10 g/m?) 0.92 0.193 0.92 0.494 1.02 0.696
(0.75 to 1.13) (0.80 to 1.06) (0.87 to 1.18)

PM pare (5 pg/m?) 0.99 0.165 0.99 0.737 1.07 0.131
(0.83 to 1.18) (0.87 10 1.12) (0.94 to 1.22)

Traffic intensity§ 0.95 0.739 0.96 0.339 0.98 0.366
(0.75 to 1.19) (0.80 t0 1.14) (0.82 to 1.17)

Traffic load 0.99 0.509 0.95 0.831 0.97 0.797

(0.82 to 1.20)

(0.81 to 1.10)

(0.83 to 1.13)

Thorax 2014,69:1005-1014



Never-smokers results on model 3 (adjusted for age, sex, smoking,
education and season of interview) for PM and traffic indicators

Chronic bronchitis

Chronic cough Chronic phlegm

Outcome
OR OR OR

Exposuret (95% Cl) PhetS  (95% Cl) Phet  (95% CI) Phet

PM, 5 (5 pg/m?) 1.28 0488 1.1 0.091 1.16 0.519
(0.95 to 1.72) (0.90 to 1.36) (0.91 to 1.48)

PM, 5abs (per 107> m™") 1.20 0233 116 0.032 1.10 0.602
(0.92 to 1.57) (0.96 to 1.39) (0.87 to 1.39)

1.271 (0.88 to 1.85)

PM;p (10 pg/m?) 1.35 0763  1.08 0.535 1.32 0.474
(0.97 to 1.88) (0.86 to 1.35) (1.02 to 1.71)

PM g are (5 pg/m?) 1.15 0979  1.06 0.954 1.31 0.457
(0.87 to 1.53) (087 101.29) (1.05 to 1.64)

Traffic intensityf 1.12 0.763  1.07 0629 1.04 0.830
(0.79 to 1.57) (0.84 to0 1.37) (0.80 to 1.37)

Traffic load** 1.1 0354  1.03 0.51  1.02 0.422

(0.83 to 1.49)

(0.82 to 1.29)

(0.79 to 1.32)

L;contribute to strengthening the evidence-based studies for

policy formulation

Thorax 2014,69:1005-1014



PM & COPD



Associations between an increase in PM10 and
changes in FEV1 in COPD (Panel studies )

- 5.80( -10.11, -1.49]

Salt Lake City, 1987-89, Pope

London, 1995-97, Peacock . 031 067, 1.29]
Vancouver, 1988, Ebelt - i -66.20 [ -107.36 , -25.04 |
U.S.A., 1998-2003, Kariisa II-[ 450 -842, -058]
Denver, 1989-2000, Silkoff 1—-—1 1060 060, 2060]
Denver, 2000-01, Silkoff l—-—q -1.20[ 1543, 1.03]
Seattle, 1999-2002, Trenga —_— 4250 -71.12,-13.88 ]
Europe, 2002-04, de Hartog |-l-1 -4 50 -840, 040]
Home, 2006, Lagorio |—-—t -2350[ -46.24 |, -0.78 ]
Beijing, 2013-14, Ni . -1.20[ -2.89, 049
Summary Estimate q: -3.38[ -6.39, -037] P=0.028

| | I |
-100.00 -20.00 0.00 50.00

Mean (95%CI) change in FEV1 (mL) per 10 pg/m3 rise in PM10

Environmental Research151(2016)458-468



Association between an increase in PM10 and
respiratory symptoms in COPD (Panel studies )

Christchurch, 1994, Harré (chest tightness) | i 1.09[1.02, 1.18]
London, 1995-1997, Peacock (dyspnea) b 1.06[1.02,1.10]
Denver, 2000-01, Silkoff (score) - 1.00[1.00,1.01]
Mexico City, 2000, Cortez-Lugo (cough) | : 1.19[1.03,1.37]
Europe, 2002-04, Karakatsani (SOB) ;—-—I 1.04 [1.00,1.07]
London, 2011-13, Alahmari (dyspnea) |—-:—| 1.00[0.92,1.08]

I I | I I I I [
080 050 100 110 120 130 140 1.50

Exp(beta) (95%CI) for 10 pg/m3 rise in PM10

EnvironmentalResearch151(2016)458-468



Forest plot of COPD hospitalizations and PM,,

Study %
0 2000/ 1/1 ~ 2011/ 12/ 31 OR(95%Cl)  Weight
Chean ot al (2000) - 102(100,103) 880
Zanobeth et al (2000) 3 1.02(1.02, 1.03) 8.06
Zanobett et al (2000) - 1.02(1.01, 1.03) 748
Anderson et al (2001) i 099(097, 1.01) 541
Chen et al (2004) 1.16(1.07, 1.26) 083
Yang et al (2005) ' 1.16(1.06, 125 083
Poel ot ai (2005) _._ 102(0.99,1.04) 487
Medina-Ramon et al (2006) 5 1.01(1.01, 1.02) 825
Ko ¢t al (2007) - 1.02(1.02, 1.03) 851
Lee et 2i(2257 ) (2007) 58 104(1.02,107) 580
Leo et al(<251T') (2007) s 108(1.06,110) 565
Yang et al(220C ) (2007) - 1.05(1.04, 1.06) 7.08
Yang et ai{<20C) (2007) 2 1.01(1.00, 1.03) 858
Johnston et al (2007) - > 1.21(1.00, 1.47) 017
Arbex et al (2009) - 109(1.02, 1.17) 115
Saverzapt ot al (2009) ; 108(098, 1.19) 0865
David et al (2009) :_ 1.00(0.98,101) 694
Valer et al (2009) S 1.00(0.99, 1.02) 7.08
Morgan et al (2010) ol 1.04 (1,01, 1.086) 495
Tam et al (2011) 1.05(1.01, 1.09) 2%
Ovorall (lsquared = 83 9%, p = 0.000) T 1.03(1.02, 1.04) 100.00
NOTE: Weights are from random effects analys:s :

|1 = 147

1.03 (1.02 — 1.04)
O| MHX| /AL A ZET| 3} offst S HX|K: SZ7|HE  JKMA 2015 November; 58(11): 1060-1069



Forest plot of COPD mortalilty and PM,,

Study

- 2000/ 1/ 1 ~ 2011/ 12/ 31 . S

Tellez.Rojo ot al (2000) - 104 (1.01,107) 1.18
—_——
Mooigavkar et al (2000) % 1.01(1.00.1.02) 7.89
Luis et al (2001) o 102(1.00.1.03) 344
——
Sunyer et al (2001) : 1.04 (1.00. 1.09) 047
Wong &t al (2002) d 1.02(1.00, 1.03) 367
o
Kan et ai (2003) . 1.00(1.00, 1.01) 2389
Fischor ot al (2003) | 1.04 (0,90, 1.32) 0.02
Fischer ot al (2003) - 1.03(0.96, 1.13) 0.12
Fischer et al (2003) . 1.04(1.00.1.09) 041
.-T—.—
Fischer et al (2003) ‘ 1.02(0.99, 1.04) 1.21
-*
Kim &t al (2003) . 1.01(1.00 1.02) 514
——
Bateson ot al (2004) _'.- 1.01(0.99, 1.02) 440
Zoka ot al (2005) _. 1.00(0.99, 101) 589
Nouterge of al (2007) 103(1.00,1.07) 092
e s
Francesco et al (2008) - 1.01(1.00.1.01) 20.50
Fischer et al (2010) s 1.02(1.01,.1.02) 2087
Overall (Lagquated = 34 8%, p = 0.083) ' 101(1.0%, 101) 100.00

Fs9 132

i
1.01 (1.01 - 1.01)
O| MHX| /AL A ZET| 3} offst S HX|K: SZ7|HE  JKMA 2015 November; 58(11): 1060-1069



Associations of Ambient Air Pollution with COPD

Hospltallzatlon and Mortality

* Population-based cohq™

9-year exposure perioc

* |n British Columbia, C¢
program

RR FOR COPD HOSPITALIZATION AND

Toxics
Metals

Secondary Sulfate
and Nitrate

Ith insurance

Organic Carbon
Compounds

Elemental Carbon Corel\ R ELEVATION

Black Carbon (0.97 x 10~ °/m)* PM.s (1.58 pug/m’)*

Hospitalization
Model 1: unadjusted single pollutant model
Model 2: + age, sex, SES
Model 3: + asthma, diabetes, CHD, HHD
Model 4: + two other pollutants’

Mortality
Maodel 1: unadjusted single pollutant model
Model 2: + age, sex, SES
Model 3: + asthma, diabetes, CHD, HHD
Model 4: + two other pD"I_.ItﬂFI'tST

1.14 (1.10-1.17)
1.06 (1.02-1.09)
1.06 (1.02-1.09)
1.06 (1.02-1.10)

1.17 (1.09-1.24)
1.07 (1.00-1.14)
1.07 (1.00-1.14)
1.07 (1.00-1.14)

1.15(1.11-1.19)
1.02 (0.98-1.06)
1.02 (0.98-1.06)
1.02 (0.98-1.07)

1.17 (1.08-1.26)
1.02 (0.94-1.10)
1.02 (0.94-1.10)
1.00 (0.92-1.09)

* Interquartile range.

AJRCCM 2013, 187, 721-727



PM and COPD prevalence & incidence

European Study of Cohorts for Air Pollution Effects (ESCAPE), 4 cohort studies
(ECRHS, NSHD, SALIA, SAPALDIA)

3692 subjects with PM measurements
Baseline assessment years; 1985-1999 and follow-up years ; 2001-2010

Exposure’ Prevalence of COPD all stages Incidence of COPD all stages
aOR" (95% Cl) & p-value (het.) aOR" (95% Cl) & p-value (het.)

NO, 1.07 (0.91-1.26) 24.1 p=0.266 1.05 (0.89-1.23) 0.0 p=0.789
NO, 1.07 (0.96-1.21) 0.0 p=0.857 1.05 (0.89-1.23) 0.0 p=0.602
PM10 1.04 (0.71-1.53) 0.0 p=0.588 1.10 (0.70-1.73) 0.0 p=0.855
PM2.5 0.95 (0.47-1.90) 46.6 p=0.132 1.06 (0.73-1.53) 0.0 p=0.645
PM2.5(abs) 1.02 (0.69-1.52) 0.0 p=0.393 1.06 (0.67-1.67) 0.0 p=0.703
PMcoarse  0.84 (0.33-2.10) 7.0 p=0.358 0.18 (0.01-5.18) 95.2 p=0.000

associations are presented for increments in exposure: 5 ug/m?® for PM2.5, 10 ug/m?® for PM10
Eur Respir J 2014; 44: 614-626



Association of incident COPD with 4-year cumulative
average particulate matter (PM)

» Association between long-term exposure to PM and incident cases of COPD
* 121,701 female nurses, from 1992 to 2000 in the US Nurses’ Health Study

Hazard ratios and 95% confidence intervals

Full cohort Never-smokers Current smokers
Basic" Adjusted® Basic’ Adjusted® Basic" Adjusted®
COPD
Modelled PM fraction
PM10 0.92(0.76-1.11) 0.91(0.76-1.10) | 1.12 (0.69-1.81) 1.14 (0.70-1.87) 0.83 (0.63-1.08] 0.87 (0.67-1.13)
PM25 0.87 (0.61-1.23) 0.93(0.66-1.31) | 1.17 (0.47-2.90) 1.23 (0.50-3.06) 0.72 (0.45-1.15) 0.82 (0.51-1.31)
PM10-2.5 0.88 (0.64-1.21) 0.83(0.60-1.14) | 1.19 (0.54-2.65) 1.22 (0.54-2.76) 0.78 (0.50-1.22) 0.80 (0.51-1.25)
Distance to road’ m
50-199 1.07(0.83-1.38)  0.98 (0.76-1.27) | 1.22 (0.60-2.45) 1.28 (0.63-2.59) 0.96 (0.68-1.35] 0.91 (0.64-1.29)
0-49 1.05(0.76-1.45) 0.96(0.69-1.32) | 0.65(0.22-1.92) 0.67 (0.23-1.98) 1.04 (0.68-1.57) 1.01 (0.66-1.55)

+: models adjusted for age, time period, and geographic region. §: additionally adjusted for body mass index,
alcohol consumption, physical activity, census-tract median household income, Western dietary pattern
Eur Respir J 2016, 48: 921-924



Effect estimates for different particulate matter
sizes on ER visits in 35 California counties,2005-2008

51 487,068 subjects PM10 PM2.5

% 74,978 asthma Daily average 150 pg/m® 35 pg/m3
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Am J Epidemiol. 2013;178(1):58-69



Percentage changes in cause-specific respiratory
ER visit associated with a 10 pg/m? increase in PM2.5

PM10 PM2.5
- from Jan 1 to Dec 31, 2013, in Beljlng Yearly average 70 pyg/m® 35 uyg/m?3
- 92,464 respiratory emergency Vvisits Daily average 150 ug/m® 75 pg/m?
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Particulate matter is associated with sputum culture
conversion in patients with culture-positive tuberculosis

- 389 subjects were recruited from a hospital in Taiwan from 2010 to 2012
- 245 culture-positive TB subjects , 144 controls non TB

The estimated ORs (95% ClI) for the risk of TB HR for days of sputum cultures conversion in
associated with 1-unit increase in 1 year average  subjects with TB-positive cultures
Variables Concentration ™ PM10, pg/m3 Sputum culture conversion HR (95% CI)*
Mean + SD OR (95% CI)*
PM,,, ng/m’ 48.747.0 .04 (1.01-1.08y <30 pgm’ |
SO,, ppb 32408 .24 (0.90-1.69) =50 pg/m? .28 (1.07-1.84)*
NO,, ppb 21.643.2 .03 (0.96-1.10)
CO, ppm 0.620.1 232 (0.19-27.9)  Notes: *Adjusted for age, sex, smoking, and CXR grading, *P<<0.05.
(

0.89-1.14)  Abbreviations: Cl, confidence interval; CXR, chest X-ray, HR, hazard ratio;
TE, tuberculosis.

O, ppb 25.7+1.8 .02

Notes: *Adjusted for age, sex, and smoking. *P<20.05.

Abbreviations: Cl. confidence interval, CO, carbon monoxide; NO,. nitrogen
dioxide; O, ozone; OR, odds ratio; 5D, standard deviation; 50, sulfur dioxide;
TB, tuberculosis.

TB patients with PM10 exposure >50 jg/m?® may need longer standard treatment periods.

Therapeutics and Clinical Risk Management 2016



PM &
Idiopathic pulmonary fibrosis




Acute exacerbation of idiopathic pulmonary fibrosis

associated with air pollution exposure

Kerri A. Johannson, Eric Vittinghoff, Kiyoung Lee, John R. Balmes,
Wonjun Ji, Gilaad G. Kaplan, Dong Soon Kim and Harold R. Collard

Pollutant HR [95% CI1) p-value
Orj‘lean - 1.57 (1.09-2.24) 0.01
. . Maximunm - 1.42 [1.11=1.82) 0.01
.505 patlents Wlth IPF Exceedances —_—-— 1.51 [1.17-1.94] 0.002
from Jan.1, 2001 to Dec. 31,2010 "Maan - 1.41(1.04-1.911  0.03
Maximum - 1.271(1.01-1.5%9] 0.04
Exceedances o 1.200(1.10-1.31) <0.001
PM10
Mean = 1.08 (0.77-1.51] 0.46
Maximum . 1.08(0.76-1.52) 0.48
Exceedances = 1.0610.83-1.38)] 0.42
S0; l-
Mean 1.04 [0.73-1.47) 0.84

Maximum e 1.03 (0.81-1.32) 0.79

T T T
0.75 1 1.5 2.25
HR per sD

Mean levels, maximum levels and number of exceedances above
standards for particulate matter, (PM10) over a 6-week period were not

associated with significantly increased risk for acute exacerbation of IPF.
Eur Respir J 2014; 43: 1124-1131



Association Between Occupational Dust Exposure

and Prognosis of Idiopathic Pulmonary Fibrosis

A Korean National Survey

Diagnosed from Jan 1, 2003, to Dec 31, 2007
1,311 IPF patients

Dust exposure group
- (wood, metal, sand, stone,
diesel, or chemical) 104
k
= 08 0.8- —
, :
E a W
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‘© S 06- sssseees Sand or stone dust
2> 086 e —— Metal dust
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8 o
_g @ 0.4 -
o - :
0.4 o i
— - = Unemployed or homemakers group 02
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—— Clerical or professional group
0.2 —— *Dust exposure group 0.0 —
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CHEST 2015, 147(2): 465 - 474



PM & lung cancer



PM & lung cancer

 Qutdoor air pollution and particulate matter (PM) is carcinogenic to humans
(IARC, International Agency for Research on Cancer, Group 1) and causes
lung cancer (IARC 2013)

« PM2.5 more precise than PM10; higher mutagenic species/ combustion/
deep into the lung

 Forlung cancer incidence, estimates range from 6 to 29% increase with
increments of 5-10 yg/m® in PM2.5 (Environ Health Perspect. 2008;
Epidemiology. 2014; Lancet Oncol. 2013 )



Air pollution and lung cancer incidence in 17 European
cohorts: prospective analyses from ESCAPE project

-312,944 cohort members, Follow-up (mean 12.8 years), 2095 incident lung cancer cases

Increase

Number HR (95% Cl)

of
cohorts
Model 1* Model 21 Model 3%

PM., 10 pg/m’ 14 132 (112-1.55)  1-21(1:03-1-43) 122 (1-03-1-45)
PM,. 5 pg/m’ 14 134(1-09-1.65) 117 (0-95-1-45)  1.18(0-96-1-46)
PM__ 5 ug/m’ 14 119 (0-99-1-42) 108 (0-89-1-31)  1.09(0-88-133)
M, e 10%/m 14 125 (1:05-150)  1-09(0-87-1-37)  112(0-88-1.42)
NO, 10 pg/m’ 17 1.07 (1-:00-114)  0-99(0-93-1-06)  0-99(0-93-1-06)
NOx 20 pg/m’ 17 1.08(1-02-114)  1.01(0-95-1:06)  1.01(0-95-1-07)

*Model 1: age (timescale in Cox model), sex, calendar time.
TModel 2: model 1 + smoking status, smoking intensity, square of smoking intensity, smoking duration, time
since quitting smoking, environmental tobacco smoke, occupation, fruit intake, marital status, education level,

and employment status.

tModel 3: model 2 + area-level socioeconomic status. Lancet Oncol 2013; 14: 813-22



Relationship between a 10-pug/m? change in PM2.5 and
PM10 and histological cancer subtypes

Number of cohorts

HR (95% Cl) for histological cancer
subtype analysis

PM,, PM,.

All participants

Alllung cancers 14+
Adenocarcinomas 11%

Squamous-cell carcinomas 75

Participants who did not change residence

All lung cancers 109
Adenocarcinomas el

Squamous-cell carcinomas B

1.22 (1-03-1-45) 1.18 (0-96-1-46)
1-51 (1-10-2-08) 1-55 (1-05-2-29)
0-84 (0-50-1-40) 1-46 (0-43-4-90)

1-48 (1-16-1-88) 1-33 (0-98-1-80)

2-27 (1-32-3-91) 1-65 (0-93-2-95)
0-64(0-28-1-48) 0-65 (0-16-2-57)

Lancet Oncol 2013; 14: 813-22



Particulate matter air po
risk for lur

245,782 cohort members

lution components and

g cancer

Hazard ratios for lung cancer in association
with exposure to elemental components of PM

Participants who did not change residence

*ESCAPE and TRANSPHORM projects

8 elements

All participants
(same cohorts)

Exposure No.of No.of HR(95%CI) Measure of HR (95% CI)
cohorts lung heterogeneity
cancer 5 "
cases INCOR

PM,s Cu  10° 893 1.25(1.01-153) 0 0.67 1.14(0.97-1.35]
PMo Cu 108 893 1.14 (0.96-1.35) 16 0.30 1.08 (0.96-1.20;
PM,s Fe  10° 893 1.08 (0.93-1.25) O 0.63 1.08 (0.90-1.29;
PMyo Fe  10° 893 1.10(0.94-1.28) O 0.81 1.05(0.92-1.20;
PM,sZn 10° 893 1.11 (0.88-1.39) 0O 0.57 0.99(0.83-1.17;
PMy Zn 10° 893 1.28 (1.02-159) 0 0.74 1.09 (0.92-1.30;
PM55s S 10% 893 2.05(0.73-5.75) 57 0.01 1.47(0.65-3.30
PMyg S 108 893 1.58 (1.03-244) 6 039 1.10(0.85-1.44)
PM,s Ni 64 804 1.13 (0.77-1.65) O 0.68 1.01(0.73-1.41]
PMjpNi 9™ 839 1.59 (1.12-226) 0 044 1.29(0.96-1.72)
PM,5V 8" 621 1.07 (0.71-1.61) O 096 1.02(0.70-1.49;
PMqo V 10% 893 1.12 (0.77-1.64) O 0.47 1.01(0.70-1.45]
PM,5Si 8% 821 1.26 (0.85-1.86) 33 0.17 1.11(0.88-1.41]
PM;oSi  10° 893 1.13(0.95-1.36) O 0.54 1.02(0.88-1.18]
M,s K 10% 893 1.18 (0.99-1.40) O 046 1.02(0.92-1.14)
9** 839 1.17 (1.02-133) 0 0.68 1.07 (0.96-1.18]

Environment International (2016) 66-73 ppi,, K




Summaries & Conclusions

* Total particulate matter(PM) mass is a temporally and
spatially varying mixture of constituents with different
physical and chemical properties.

* PM exposure studies include short-term effects on lung
function, symptoms, exacerbation, hospitalizaion,

death; longterm effects on hospitalizaion, death in
COPD.

* |Inconclusive evidence on increased incidence of COPD,
CB in long-term exposure to PM.



* Clear evidence regarding the relationship of PM2.5
and PM10 to lung cancer risk

 Further research with improved
personal-level exposure
assessment (for example, time-
activity patterns ) and phenotypic
characterization is needed.




