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Ambient Particulate Air Pollution and Daily Mortality in 652 Cities

Mean Annual PM, ¢
Concentration (ug/m3)

@ 5-10

@ 11-20

@ 21-30

O 31-40

841—50 Taiwan 3 0.25 (~0.03 t0 0.53) 3 0.62 (~0.39 to 1.64)
51-60

©61-70 | Thailand 19 0.24 t0 0.99) 0 NA

© 71-80 | United Kingdom 15 0.06 (-0.36 to 0.48) 0 NA
81-100

: 100 | United States 100 0.60 to 0.98) 107 1.58 (1.28 to 1.88)

rﬁ.—._;r' Total 598 0.44 (0.39 t0 0.50) 499 0.68 (0.59 t0 0.77)

Kilometers
| - - 2@ |

0

652 cities in 24 countries

Figure 2. Distribution of Cities with Data on PM s.

Shown is the geographic distribution of the 499 cities in the 16 countries and regions that had data on particulate matter with an aero-
dynamic diameter of 2.5 ym or less (PM; 5) and were included in the analysis. Also shown are the annual mean PM; 5 concentrations.

See the interactive map, available at NEJM.org.

2~ E-DA HOSPITAL
70 1-SHOU UNIVERSITY

N Engl ] Med 2019;381:705-15.
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B PM,;

IWHO AQG; IWHOIT-3 TWHOIT-2 1WHO IT-1; WHO AQG 1USNAAQS IWHOIT-3 IWHOIT-2 1WHOIT-1;
1 EU AQD I I 1 US NAAQS; I [ I I China AQS

China AQS

Percentage Difference in Mortality

Percentage Difference in Mortality

PM;, Concentration (ug/m?3)

Wk 5 R

Figure 3. Pooled Concentration—Response Curves.

Shown are the pooled concentration—response curves
and PM3 s (Panel B) with daily all-cause mortality. The
rived from the entire range of PM concentrations at e
and the portion of the curve below zero denotes a sm
guidelines or standards for 24-hour average concentre
Guidelines (WHO AQG), WHO Interim Target 1 (IT-1)
Quality Directive (EU AQD), U.S. National Ambient A

2~ E-DA HOSPITAL
70 I-SHOU UNIVERSITY

T T
0 50 100 150 200 250

1 ] ] 1
300 0 25 50 75 100 125 150
PM, ¢ Concentration (ug/m?3)

Taiwan

We collected data in Kaohsiung, Taipei and Taichung between Ist of January 1994 and
31st of December 2014 from the Department of Health in Taiwan. Daily mortality is
represented by counts of deaths for all causes and for non-external causes (ICD-9: 0-

799; 1CD-10: A00-R99), cardiovascular causes (ICD-10: 100-199) and respiratory

N Engl ] Med 2019;381:705-15.



TABLE1 | Pollution Has Been Associated With These Pathobiologic Processes in Addition to the Effects in the Organ
as shown in Figure 1

Allergy: allergic sensitization

Blood and blood vessels: endothelial dysfunction, atherosclerosis, thrombosis, impaired hemoglobin formation;
carboxyhemoglobinemia

Bone: bone demineralization

Brain: cognitive dysfunction; impaired psychomotor development and intelligence development; social stress; mood
disorders; unfavorable emotional symptoms

Cancer: shortened telomere length; detrimental expression of genes involved in DNA damage and repair; inflammation;
immune and oxidative stress response; epigenetic effects

Diabetes and metabolism: increased glycosylated hemoglobin, insulin resistance, leptin, and endothelin-1 levels; lower
glucagon-like peptide-1, ghrelin, and glucagon levels

Eye: increased tearing (acutely) and drying (chronically)
Heart: changes in heart rate, BP, and vascular tone; reduced heart rate varability; conduction defects
Kidney: decreased glomerular filtration rate; increased mortality in patients undergoing dialysis

Respiratory tract: cough, phlegm, difficulty breathing, and bronchial hyperresponsiveness; exacerbations of many
respiratory conditions; impeded lung development; transformation of asthma into COPD; decreased exercise
performance; decreased spirometric measurements (lung function)

Reproductive: premature birth; low birth weight; poor sperm quality; impaired fetal growth; intrauterine inflammation;
reduced fertility rates; increased risk of miscarriage, spontaneous abortions, premature rupture of membranes, and
preeclampsia. Exposure during pregnancy is associated with childhood neoplasms and childhood asthma

Skin: aging
Sleep: associated with increased sleep apnea symptoms

Overall: shortened life expectancy, with additive or multiplicative effects in vulnerable persons

P K e CHEST 2019; 155(2):409-416

70 1-SHOU UNIVERSITY
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THE

INVISIBLE KILLER

Air pollution may not always be visible, but it can be deadly.

o U de

29% 24% 25% 43 %

OF DEATHS FROM OF DEATHS FROM OF DEATHS FROM OF DEATHS FROM
LUNG CANCER STROKE HEART DISEASE LUNG DISEASE

30 October — 1 November 2018 was the first-ever global event
to focus on both air pollution and health

BREATHELIFE. ... ..... un® )

\\é‘)’ < CLEAN AIR
Clean Air. Healthy Future S Organization  enyironment COALITION

K 124 -DA Al
Mk 5% K515 Fay owens



Climate Parameters Allergenic Air Pollutants
T, RH, UV.., Bioparticles PM, O,, NO,...

i

] ; ; l

PALMs Allergenic Proteins
NADPH oxrdase proteases oxylipins, phytoprostanes

(™) U | 'y : :
v ¢ 3) $ gtﬁ
native | modified agglomerated

' PRR -
LT T s} NY
perongpe ,’ ' VF | : w‘/ - -
° ° DAMPs
£ e | t L . hyaluronan... _ -
Dendritic cell Th2 cell Mast cell
Epithelial Damage Allergen-specific Inmune Responses

Proinflammatory & Immunomodulatory Effects

B DOE 10.102 1/ acs.e st 604908
M 35;\ i% l";.:\ 'IESE"_"'; G'ﬁmém Environ. 5S¢ Technol. 2017, 51, 4119—4141




' Upregulated

‘ Downregulated
DNA METHYLATION DNA POLYMORPHISMS DNA MUTATION DNA ADDUCT miRNA
DYSREGULATION
Hypermethylation -GSTM1-null genotypes PAH Detoxification
-DKK2 -HLA Class Il rs2395185 -GSTM1 -miR-lM‘ ZEBI'
-EN1 -TP63 rs4488805(rs4600802) -GSTT1 l
-GSTP1
Hypomethylation
-LPAR2 PAH Activation
-CYP1B1

- 2. E-DA HOSPITAL Lung Cancer 118 (2018) 69-75
M éi.k% tlf;; I-SHOU UNIVERSITY
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Air Pollution

l

Pulmonary Deposition

Direct pathway: via translocation
of chemicals and some ultrafine
particles systemically

Indirect pathway: airway oxidative
stregs, activation of leukocytes, and
release of cytokines and chemokines

[ Bedox-active PM Components ]
"] Ig

.0.. PAH — guinones; transition meta GSH
Conjugation
Mstaboli Bioactivation Detoxification Metabolism
e.g.: CYP1A1; CYP2E1 'd h é ;:} a.g.: NGO ; GETP;
GSTM1; GSTT
Target cells (e.g., airway epithelial Electrophiles

— cells, leucocytes, endothelial cells)
WO Gene W | in target tissues (e.g., lung,
Expression AhR / XRE circulation, liver, CNS)

70 1-SHOU UNIVERSITY

I

L ]
? @ % E:pr:::iun
RNS | ROS —

Paollutant-induced and cell-generated ROS/ANS:
0,/ 'OH / H,05/ HOCI / HOBR / NO' f ONOO™

||
I]ﬂglilt-liun Qxidant Defense
2.0.: CAT; MnS0D; HO-1; POMN-1; GPX-1
Oxidation of
Protein: Carbonylated Proteins,

3-nitrotyrosine;
Lipids: 8-isoPGF,,. MDA, oxLDL

Oxidative Stress

A Air Qual Atmos Health (2011) 4:37-52
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o Lipld peroxidation, depletion of antloxidants, activation of
pro-flammatory signaling

»  Blevation of Creactive proten, fibrinogen, circulating
leukocytes, platelets. and plasmawﬂ: , \

* Activation of leukocytes, ad P i

proteins, and many cytokines g ' . v

+  Alarations of endathellal function by Inflammator

mediators Ly

OXIDATIVE STRESS DIRECT EFFECTS OF INNATE &

ADAPTIVE IMMUNE SYSTEMS

¢ Inhibition of synthesis of interferon gamma
& Alteration of Th1and Th2 leukocyte populations

others

GENETIC REGULATIONO!-' ‘ . EPIGENETIC REGULA%N OF
INFLAMMATION -

o Through pathways, such as glutathione synthesis

o  Through mediators, such as toll-like receptor 4, tumes
necrosis factor-a, transforming growth factor-, and

ﬁ-lvsmocv&suscﬁ'nmmv

o Micro-RNA and other RNA regulate gene expression

o DNA methylaticn, histone acetylation, micre-RNA and
other RNA expression

2~ E-DA HOSPITAL
70 I-SHOU UNIVERSITY

CHEST 2019, 155(2):409-416
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Report  Study type Pollutants Total Study Measure Major findings

Year population  period  Outcome

Air Pollution and Asthma

Tsaiet  case- PM10, SO2, 17,683 1996— Asthma All pollutants were significantly

al. 2006 crossover NO2, CO, 03 2003 admissions  associated with asthma admissions
except SO2 on warm days (225°C)

Yang et case- PM10, SO2, 25,602 1996- Asthma Asthma admissions were positively

al. 2007 crossover NO2, CO, O3 2003 admissions associated with SO2, NO2, and CO
levels on warm days (=25°C). All air
pollutants were significantly
associated with elevated asthma
admissions except SO2 on cool days
(<252C),

Pan et cohort PM10, NO2, 68,461 2000- Asthma A linear association between NO2,

al. 2014 coO 2009 outpatient CO, and PM10 and outpatient visits

Visits in asthma patients
Wu et al. cross- PM10, NO2, 23,551 2004 Onset of Exposed to higher PM10 were
2016 sectional SO2, CO asthma associated with higher severity
study scores for asthmatics with asthma

onset at > 12 years.

V- ¥ 2. E-DA HOSPITAL
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Association of Improved Air Quality with Lung Development
in Children

« 2120 children from three separate cohorts
» Mean ages of the children within each cohort were 11 years at the beginning
of the period and 15 years at the end

25 [ Cohort C (1994-1998) 257 [ Cohort C (1994-1998)
B Cohort D (1997-2001) B Cohort D (1997-2001)
B Cohort E (2007-2011) B Cohort E (2007-2011)

20 207

154

154

10 - 104

Proportion of Children with Low FEV, (%)
Proportion of Children with Low FVC (%)

<90% Predicted <85% Predicted

<80% Predicted <90% Predicted <85% Predicted <80% Predicted

N Engl ] Med 2015;372:905-13.
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Cleaner Air, Bigger Lungs

Figure 1. Pollution in Los Angeles.
Los Angeles is shown in the late 1980s (Panel A) and in 2014 (Panel B).

' s ~ (X 2= E-DA HOSPITAL N ENGL ] MED 372,10 NEJM.ORG MARCH §, 201§
ﬁ i—k‘?ﬁ.—ﬂf U I-SHOU UNIVERSITY



Childhood Puberty Adulthood Aging

1204
100- Supranormal
= Normal
s 804 Pseudonormal
S o
- g
s.2  g0-
- o Below normal
oo
c a
S W
- O
40-
£ Early decline
Premature
20 death
0 |
0 10 90

Age (yr)
N Englj Med 2019;381:1248-56.
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The effects of fine and coarse
particulate matter on lung function
among the elderly

Chi-Hsien Chen'?, Chih-Da Wu?, Hung-Che Chiang®, Dachen Chu>%7:%, Kang-Yun Lee®'9,
Wen-YiLin}, Jih-1Yeh(®', Kun-WeiTsail® & Yue-Liang Leon Guo%*1*

(1B)

« Across-sectional survey of individuals
aged =265 years was conducted in Taiwan
from October 2015 to September 2016.

« Those who attended the annual health
examination for the elderly in five
hospitals

* Long-term PM2.5 exposure mainly
decreases the FVC

« Moreover, PM2.5-10 has a stronger
negative effect on the function of
conductive airways than PM2.5.

./ ¢ (2 g2~ E-DA HOSPITAL SCIENTIFICREPORTS | (2019) 9:14790 | https://doi.org/10.1038/541598-019-51307-5
Em]ﬁ %i_k‘@ tIS:; I-SHOU UNIVERSITY




Study
type

Report
Year

Pollutants

Total

population

Air Pollution and COPD

Lee et case-
al. 2007 crossover

Yang et case-

al 2007 crossover
Ding et case-

al. 2017 crossover
Huang cohort

et al

2019

V- ¥ 2. E-DA HOSPITAL
EIH]Z gi_k% lIS:; I-SHOU UNIVERSITY

PM10, SO2, 25,108

NO2, CO,
03

PM10, SO2, 46,491

NO2, CO,
03

PM10,
PM2.5, O3,
SO2, NO2,
CcO

PM2.5

2420

3,941

Study
period

1996-
2003

1996-
2003

2000-
2013

2008-
2015

Measure
Outcome

COPD
admissions

COPD
admissions

COPD ED visit

Development
of COPD

Major findings

All pollutants were significantly
associated with COPD admissions
except SO2 on warm days (>25°C)

COPD admissions were positively
associated with all pollutants except
SO2 on warm days (=202C). On cool
days (<209C), however, COPD
admissions were only associated
with SO2 levels.

A clear impact of PM2.5, O3, and
SO2 on COPD ED was

observed in the elderly population
(65e79 years old)

Exposure to PM2.5 at concentrations
greater than 38.98 pug/m3 increased
susceptibility to COPD among
Taiwanese nonsmokers.
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An 8-Year-Old Girl’s Lung Cancer is Blamed on Air Pollution
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Air Pollution and Lung Cancer
Chiu et al. Case Air pollution 972
2006 control

Liuetal. Case PM10, O3, 1,676
2008 control CO, NO2, and
SO2

Chang et Case Petrol station 4,087
al. 2009 control density
Tsenget cohort SO2, CO, 4,733
al. 2012  (ecologic NO2, NO, 03,

al) PM10
Chiang et cohort PM2.5 8,670
al. 2014
Tseng et cohort PM2.5 371,084
al. 2019
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1994-
2003

1995-
2005

1997-
2006

2001-
2005

1998-
2002

1995-
2015

Female lung
cancer incidence

Female lung

cancer mortality

Female lung
cancer incidence

Incidence of lung
cancer

Female Lung
Cancer Mortality

Survival of lung
adeno-carcinoma

Women with high air pollution exposure index
may increase lung cancer risk

Higher air pollution level were associated with
female lung cancer mortality

There is a significant exposure-response
relationship between
PSD and risk of lung cancer in females

SO2 exposure may increase female lung cancer
incidence, especially for Suamous cell carcinoma
than for adenocarcinoma.

Each 10 pg/m3 increment of PM2.5
concentration may increase 16% of lung cancer
mortality and one out of 9 female lung cancer
deaths (11%) in Taiwan is attributed to the
PM2.5 exposures.

Air pollution level changes could affect the
incidence of lung adenocarcinoma and possibly
influence survival rates for

female patients with EGFR wild-type
adenocarcinoma who have never smoked.
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