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Environmental epidemiologic studies contribute to human health impact assessment

* ldentifying hazard
» Assessing human exposures to environmental pollutants

« Establishing exposure-response functions that can be used for risk assessments
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Health impact assessment of air pollution is a method used for
estimating the change in health impacts upon a population level

based on a given change in air pollution exposure.

Health impact assessment can thus be applied to quantify the
overall disease burden from air pollution exposure.

**Both short- and long-term effects of air pollution can be estimated
depending on data availability
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Phosri et al., 2019 DOI: https://doi.org/10.1016/j.scitotenv.2018.09.183
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Relative risk and 95% CI
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Temperature and respiratory mortality

I? = 18.2% p-value (Q-test) = <0.01 .
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Denpetkul and Phosri, 2021 DOI: https://doi.org/10.1016/j.scitotenv.2021.148373
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Health impact assessment of air pollution is conducted in
order to obtain the exposure-response functions for both
short- and long-term effects depending on available data.

alth risk assessment
ta availability
ical designs (short- or long-term effect)

s with many potential confounders

Health impact assessment

1. Available estimated risks

2. Public health burdens (morbidity or mortality)

The health harms of air pollution
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https://www.globalactionplan.org.uk/news/clean-air-day-2022air-pollution-impacts-every-organ-in-the-body
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Short-term health effects of air pollution

DATA NEEDED!

1. Daily data on air pollution concentration
- Monitoring station

Satellite remote sensing

patial interpolation

ily number of health outcome indicator
idity (hospital admission, emergency room visits)

he international classification of diseases: ICD-10

otential confounding factors

Daily average PM;; concentration Daily average NO; concentration

.
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M5UsziiuNanIzNUY AN IMANDIUMN  Time-series regression analysis

Short-term health effects of air pollution Daily average PM;o concentration Total respiratory disease

[ ]
E140 99

EPIDEMIOLOGICAL DESIGNS

1. Time-series regression analysis

Number of cases

. Case-crossover analysis

Jan Mar M'ay Jul Sép Nov Jan

Y, ~ Poisson(u,)
Log(py) = a+ By Xy + BoXoy + BaXgy +...4 B X,

df) + ns(Humid,, df) + ns(Time,, df) + DOW, 2023-01-01 65.586225 199 19.58 75.67 Sun
2023-01-02 58.876853 231 20.59 88.32 Mon

2023-01-03 49.707875 210 20.54 93.52 Tue

2023-01-04 53.401446 224 19.33 91.60 Wed

+ ns(Humid,, df) + ns(Time,, df) + DOW, 2023-01-05 67.603371 198 25.23 94.18 Thu
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M5UsziiuNanIzNUY AN IMANDIUMN  Time-series regression analysis

Short-term health effects of air pollution

Y, ~ Poisson(pu,)

2023-01-01  65.586225 199 19.58 75.67 Sun log(ky) = a + B;,PM,* ns(Temp,, df) + ns(Humid,, df) + ns(Time,, df) + DOW,
2023-01-02  58.876853 231 20.59 88.32 Mon

2023-01-03  49.707875 210 20.54 93.52 Tue

2023-01-04  53.401446 224 19.33 91.60 Wed

2023-01-05  67.603371 198 25.23 94.18 Thu log(RR) =

2023-01-06  45.415846 180 29.09 92.60 Fri

2023-01-07  32.082940 188 28.18 93.89 Sat RR = exp(B) Concentration-response relationship
2023-01-08  58.052420 168 27.52 77.52 Sun Percent change = (RR — 1) * 100

2023-01-09  96.186887 223 29.22 81.32 Mon

2023-01-10  58.591539 201 28.32 85.40 Tue Rékis

2023-01-11  75.683654 204 28.99 92.60 Wed e

2023-01-12  54.643187 184 29.76 94.18 Thu % 110

2023-01-13  95.698017 191 29.18 91.64 Fri ; ks

2023-01-14  45.956482 181 22.29 82.82 Sat h

2023-01-15  89.604238 194 22.23 83.33 Sun R ""cm":"m_:'sm‘(ih‘;; o 10
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Short-term health effects of air pollution

2023-01-02

58.876853

2023-01-09 96.186887
2023-01-16 92.592488
2023-01-23 42.594681

2023-01-30 68.256481

223

201

188

29.22

23.45

30.18

25.52

81.32

92.15

91.89

87.52

Mon

Mon

Mon

Mon

Case-crossover design
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2023-01-02 58.87685 231 20.59 88.32 1 2023-01-02
2023-01-09 96.18688 231 29.22 81.32 0 2023-01-02
2023-01-16  92.59248 231 23.45 92.15 0 2023-01-02
2023-01-23  42.59468 231 30.18 91.89 0 2023-01-02
2023-01-30 68.25648 231 25.52 87.52 0 2023-01-02

J

11
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M5UszIUNANIZNVYBINANYINMANBIUMN  Case-crossover design

Short-term health effects of air pollution

2023-01-02 58.87685 223 20.59 88.32 0 2023-01-09
2023-01-09 96.18688 223 29.22 81.32 1 2023-01-09
2023-01-16 92.59248 223 23.45 92.15 0 2023-01-09
2023-01-23 42.59468 223 30.18 91.89 0 2023-01-09
2023-01-30 68.25648 223 25.52 87.52 0 2023-01-09

2023-01-02 58.87685 201 20.59 88.32 0 2023-01-16
2023-01-09 96.18688 201 29.22 81.32 0 2023-01-16
2023-01-16 92.59248 201 23.45 92.15 1 2023-01-16
2023-01-23 42.59468 201 30.18 91.89 0 2023-01-16
2023-01-30 68.25648 201 25.52 87.52 0 2023-01-16

2023-01-02

58.876853

2023-01-08  96.186887 223 29.22 81.32 Mon 2023-01-02  58.87685 188 20.59 88.32 0  2023-01-23

2023-01-09  96.18688 188 29.22 81.32 0  2023-01-23
2023-01-16  92.592488 201 23.45 92.15 Mon

2023-01-16  92.59248 188 23.45 92.15 0  2023-01-23
2023-01-23  42.594681 188 30.18 91.89 Mon

2023-01-23  42.59468 188 30.18 91.89 1 2023-01-23
R 25.52 87.52 Wy 2023-01-30  68.25648 188 25.52 87.52 0 20230123 | 13




21NAINENAUINADN
Y

Mahidol University
Faculty of Public Health

M5UszIUNANIZNVYBINANYINMANBIUMN  Case-crossover design

Short-term health effects of air pollution

2023-01-01  65.586225 199 19.58 7567  Sun 1 2023-01-01
2023-01-08  58.052420 199 27.52 7752 Sun 0 2023-01-01
v E=y— pre T e - 2023-01-15  89.604238 199 22.23 83.33  Sun 0 2023-01-01
— e - o~ — - 2023-01-22  79.358455 199 25.64 93.25  Sun 0 2023-01-01
VIl I p— — -~ —_— _— 2023-01-29  69.365458 199 21.23 87.25  Sun 0 2023-01-01
s | snanie -~ . L0 — 2023-01-02  58.876853 231 20.59 88.32  Mon 1 2023-01-02
VI Ee—— P e T — 2023-01-09  96.186887 231 29.22 81.32  Mon 0 2023-01-02
s | e imeae P . . - 2023-01-16  92.592488 231 23.45 9215  Mon 0 2023-01-02
P [ p— P - - - 2023-01-23  42.594681 231 30.18 91.89  Mon 0 2023-01-02
sosatoiloel Maalosoas0 Tes — — = Sun 2023-01-30  68.256481 231 25.52 87.52  Mon 0 2023-01-02
2023-01-00 | 96.186887 203 29.02 81.32 Mon 2023-01-03  49.707875 210 20.54 93.52  Tue 1 2023-01-03
2023-01-10  58.591539 201 28.32 85.40 Tue 2023-01-10  58.591539 210 28.32 8540  Tue 0 2023-01-03
2023-01-11  75.683654 204 28.99 92.60 Wed 2023-01-17  56.365899 210 25.36 97.36  Tue 0 2023-01-03
2023-01-12  54.643187 184 29.76 94.18 Thu 2023-01-24  57.326589 210 29.25 8213  Tue 0 2023-01-03
2023-01-13  95.698017 191 29.18 91.64 Fri 2023-01-31  78.326589 210 30.12 8513  Tue 0 2023-01-03
2023-01-14  45.956482 181 22.29 82.82 Sat
2023-01-15  89.604238 194 22.23 83.33 Sun 13
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M5UszIUNANIZNVYBINANYINMANBIUMN  Case-crossover design

Short-term health effects of air pollution Conditional logistic regression model

P,~ Binomial(n, p) wherep, is 1if itis a case, and 0 otherwise

= a + B,Z; + ns(Temp,, df) + ns(Humid,, df)

logit(py) = a + B1Z; + ns(Temp,, df) + ns(Humid,, df) \ \

= ) =a + B1Z + ns(Tempy, df) + ns(Humid,, df) log(OR) =B

OR=exp(B) Concentration-response relationship

+ ns(Tempy, df) + ns(Humid,, df) Percent change = (OR - 1) *100

14
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Short-term health effects of air pollution
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Guoetal., 2014
oren  The association between air pollution
SUBJECT AREAS: and morfcﬂify in Th0i|0nd

RISK FACTORS Yuming Guo'-??, Shanshan Li', Benjawan Tawatsupa®, Kornwipa Punnasiri4, Jouni J. K. Jaakkola®
EPIDEMIOLOGY & Gail Williams'

RR per 10 pg/m?of PM,,: 1.0040 (95% PI: 1.0022, 1.0059)

Research .

The Public Health and Air Pollution in Asia (PAPA) Project: Estimating the
Mortality Effects of Particulate Matter in Bangkok, Thailand
Nuntavarn Vichit-Vadakan,” Nitaya Vajanapoom,’ and Bart Ostro?

"Faculty of Public Health, Thammasat University, Rangsit Campus, Klongluang, Pathumthani, Thalland; 20ffice of Environmeantal Health
Hazard Assessment, Califarnia Environmental Protection Agency, Oakland, California, USA A
' fornia Envi ——— forn Vichit-Vadakan et al., 2008

RR per 10 pg/m?of PM,,: 1.0130 (95% Cl: 1.0080, 1.0170)

Mahidol University
Faculty of Public Health

Short-term effects of particulate matter on outpatient department
visits for respiratory diseases among children in Bangkok Metropolitan
Region: a case-crossover study

Khanut Thongphunchung'? - Arthit Phosri'*® . Tanasri Sihabut' . Withida Patthanaissaranukool

Received: 29 October 2020 / Accepted: 30 May 2021

Thongphunchung et al., 2021
©The Author(s), under exclusive licence to Springer Nature B.V. 2021

OR per 10 pg/m?® of PM,, : 1.0256 (95% Cl: 1.0160, 1.0325)
OR per 10 pg/m?® of PM, ; : 1.0338 (95% CI: 1.0091, 1.0585)

iyt Rt Contants lists availabla at ScienceDirect

Science of the Total Environment

£

ElSEVIER journal hemepage: www.elsavier.com/locate/scitotenv

Effects of ambient air pollution on daily hospital admissions for c;l.?n.
respiratory and cardiovascular diseases in Bangkok, Thailand =

Arthit Phosri 2, Kayo Ueda **, Vera Ling Hui Phung 3, Benjawan Tawatsupa °, Akiko Honda , Hirohisa Takano *
Phosri et al., 2019

* Department of Environmental Engineering. Groduate Schoo! of Engineering, Kyotoe University, Kyoio, japan
" Hpalth impacr Assessment Divison, Department of Health, Minisery of Public Heairh, Nanthabur, Thailand

Cardiovascular Disease RR per 10 ug/m? of PM,,: 1.0140 (95% ClI: 1.0068, 1.0141)

Respiratory Disease RR per 10 ug/ms3 of PM,,: 1.0118 (95% ClI: 1.0079, 1.0157)
15
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Short-term health effects of air pollution

Mahido
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(o NO, PMig Study META-ANALYSIS OR and 95%CI % weight
1,15 o T
1154 Koetal., 2007 ! 1.03(1.03,1.04) 11.53
2 E 1,104 E . Peeletal., 2005 —‘.— 1.01 (0.97,1.06) 5.46
s 3 1% : Santus etal., 2012 - 1.03(1.00,1.06) 7.97
z . g g Slaughther etal., 2005a — N 0.96(0.89,1.04) 2.76
] Slaughther etal., 2005b —_— 0.99(0.91,1.08) 2.38
- e B Tsaietal.,2013a P o-— 1.10(1.08,1.15) 7.07
Concentration (ug/m?) Concentration (ug/m’) Concentration (ug/m’) Tsaietal.,2013b -..'- 1.03(1.00,1.06) 7.31
50, co Tsaietal.,2014a —i- 1.00(0.95,1.02) 6.91
Tsaietal.,2014b E 1.43(1.33,1.56) 273
Dominicietal., 2006 1.02(1.01,1.03) 11.05
G 1 Belleudietal., 2010 1.02(1.01,1.04) 9.36
é Kloogetal., 2014 i 1.02(1.01,1.02) 11.43
g Stieb et al., 2009 e 0.98(0.93,1.04) 4.60
- Chenetal., 2004 - 1.09(1.02,1.15) 3.89
p—an 1 L1s sy " TR Andersonetal., 2004 ————t E 0.97(0.92,1.15) 5.56
] 10 15 20 25 an 05 10 15 20
conostrton (og/n S Overall (P=88.0%, P=0.00) & 1.03(1.02,1.05)  100.00
NOTE: Weights are from random-effects analysis E OR of COPD HA per 10 pg/m®increase of PM, s
l., 2019 DOI: https://doi.org/10.1016/j.scitotenv.2018.09.183 0-6'41 1.000 1 -56'0

Source: Li et al., 2016. Chest, 749(2), 447-458 (https://doi.org/10.1378/chest.15-0513)

16
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Long-term health effects of air pollution

DATA NEEDED!

1. Individual data on air pollution concentration
- Monitoring station

Satellite remote sensing

patial interpolation

alth outcome indicator
-up data (morbidity, mortality)

idual has been followed up for a certain periods of time

eristics that are considered potential

1. Individual data on air pollution concentration

WravE 1rowE "WWE  IWrME WOCWTE IRTE 100N 0ITYTE

Mahidol University
Faculty of Public Health
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a £ W E
2 = S
£ S
2 5 g
] 3
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z T wo 1n 224
= 5 W
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] &
4
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Peng-in et al., 2022 Wongnakae et al., 2023
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M5Us2IUNANIZNVYBINANYINMAABGUMN 2. Health outcome indicators

Long-term health effects of air pollution Follow-up data (morbidity, mortality)

Every single individual has been followed up for a certain periods of time

3. Individual characteristics that are considered potential confounders

ae13voYa 1 A0 Y0Ya 2
2002

2007
2012

2002
2007
2012

2002
2007

W W WIN N N|=2*2 a2 a

2012 18
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M5UszIUNaNIZNUYINANHIMANBIUMN 1. Survival analysis

Long-term health effects of air pollution Model: Cox proportional hazard model

Example of dataset

EPIDEMIOLOGICAL DESIGNS TN Wme swm A s e P |

1. Survival analysis 1 460 0 74 1 49 20.5
2 360 0 68 1 54 49.4
. Repeated measures
3 455 0 56 2 84 30.6
. 4 1060 1 57 2 63 27.2
el: Cox proportional hazard model
5 210 0 60 2 59 29.6
exp(XTB) 6 833 1 74 1 74 59.4
+ xz*Bz +”.+ Xn*Bn) [ ] [ ] [ [] [ ] [] [ ]
N 788 1 68 2 56 32.2
-+ XnPBn)
Cox log(hazard) =y = b, + byx, + byx, + ... + b,Xx,
Age; + 0.12*Sex; + 0.2*Weight,) HR = exp(B) concentration-response relationship

Percent change = (HR -1) * 100 19
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Long-term health effects of air pollution

EPIDEMIOLOGICAL DESIGNS

1. Survival analysis

. Repeated measures

Uy
uq
Uu;

~N(0, %)

2. Repeated measures
Model: Mixed-effects model

Example of dataset

Mahidol University

Faculty of Public Health

1 2002 116 39.6589  20.2260 29 Male 18.9
1 2007 120 29.2569  14.9210 34 Male 20.3
1 2012 115 35.6256  18.1691 39 Male 19.8
2 2002 85 40.1256  20.4641 61 Female 23.6
2 2007 82 39.2564  20.0208 66 Female 25.6
2 2012 80 45.2658  23.0856 7" Female 251
3 2002 93 29.2658  14.9256 45 Male 20.8
3 2007 95 25.2655 12.8854 50 Male 21.6
3 2012 89 32.1265  16.3845 55 Male 221
4 2002 120 51.0256  26.0231 25 Female 19.3
4 2007 125 36.2546  18.4898 30 Female 18.9
4 2012 115 50.2658  25.6356 35 Female 19.5

20
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Long-term health effects of air pollution

Contents lists available at Science Direct

Environmental Research

ELSEVIER journal hemepage: www.alsavier.comilocatelenvres

Paoin et al., 2020

=N Long-term air pollution exposure and self-reported morbidity: A

longitudinal analysis from the Thai cohort study (TCS)

Kanawat Paoin *, Kayo Ueda =" Thammasin Ingviya“, Suhaimee Buya di Arthit Phosri®,
Xerxes Tesoro Seposo ', Sam-ang Seubsman *, Matthew Kelly ", Adrian Sleigh ", Akiko Honda ",
Hirchisa Takano ", Thai Cohort Study Team Thailand, Thai Cohort Study Team Australia

. . . . = -
Contents lists available at ScienceDirect -

Chemosphere
Chemosphere
S¥es -
ELSEVIER journal homepage: www.elsevier.com/locate/chemosphere
Long-term air pollution exposure and decreased kidney function: A G

longitudinal cohort study in Bangkok Metropolitan Region, Thailand from
2002 to 2012*

Kanawat Paoin ®, Kayo Ueda ®°, Prin Vathesatogkit ©, Thammasin Ingviya d.¢ Suhaimee Buya',
Racha Dejchanchaiwong “£, Arthit Phosri®, Xerxes Tesoro Seposo', Chagriya Kitiyakara °,

Nisakron Thongmung’, Akiko Honda 2P Hirohisa Takano®®, Piyamitr Sritara ©, Paoin et al.. 2022
.y
—

Perapong Tekasakul =

Mahidol University

Faculty of Public Health

Study META-ANALYSIS HR and95%C| % weight
American Cancer Society Study, 2002 —'I— 1.09(1.03,1.16) 16.66
Women's Health Initiative (WHI), 2007 ~ > 1.76(1.25,2.47) 1.62
Netherlands Cohort Study, 2008 — -o-—;— 1.04(0.90,1.21) 7.14
Health Professional USA, 2011 —-o-—i— 1.03(0.83,1.26) 4.22
Vancouver cohort, 2011 —-o-é— 1.07(0.86,1.32) 3.96
US trucking industry (Men), 2011 —-o-i— 1.05(0.93,1.19) 8.88
Canadian cohort, 2012 —I-o— 1.15(1.07,1.24) 14.63
Rome cohort, 2013 - I 1.06(1.04,1.08) 21.65
Harvard six cities study, 2012 | —— 1.26(1.14,1.40) 11.03
California teachers, 2016 ——-:— 1.07(0.96,1.20) 10.01
Overall (2= 61.2%, p= 0.006) o 1.11(1.05,1.16) 100.0
NOTE: Weights are from random-effects analysis i HR of CVD mortality per 10 ug/m? increase of PM, 5

0.404 1.000 2.470

Source: Hoek, et al., 2013. Environmental health, 12(1), 43 (https://doi.org/10.1186/1476-069X-12-43)

HR per IQR increase in PM,, % change per IQR increase glomerular filtration rate
HBP: 1.13 (95% CI: 1.04, 1.23) PM,;:-1.99 (95% CI: —3.33, —0.63)

HBC: 1.07 (95% CI: 1.02, 1.12) SO, : -4.89 (95% Cl: —6.69, —3.07)

DM: 1.05 (95% Cl: 0.91, 1.21) CO: -0.97(95% Cl: —1.96, 0.03)

Paoin et al., 2020 Paoin et al., 2022
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Health impact assessment

Application of exposure-response relationship (risk
function) from the health risk assessment model to
quantify public health burdens (number of morbidity
or mortality) attributable to air pollution exposure.

iven air pollutant

ble fraction

death
* Exposed population

Mahidol University
Faculty of Public Health

Algorithm (2)

1+a(1—exp¥€a €)% ifC, > C, }

RR\er(ca) = ‘[
1, else

This algorithm is used for PM, . with 5§ outcomes variable only!

- Acute lower respiratory infection

- Stroke

- Ischemic heart disease

- Chronic obstructive pulmonary disease
- Lung cancer

RR-1
AF="RR

Burden = AF * Number of death

Burden = AF * Death rate * Exposed population
22



SZUIAINYTIINAON
X

M3UsUHANIZNUYRINANHOINAAD VNN

Health impact assessment

Algorithm (3)

DALYs (Disability Adjusted Life Years)
Ys=YLLs +YLDs

v

YLL

Life
expectancy

Mahidol University
Faculty of Public Health

YLL: Year Life Lost Expectation of life at age category i
7
YLL =}, (number of death at age category i * AFp * EL,)
Z

Mortality rate at age category i * populations at age i

Assumed amount of time living with

YLD: Year Lived with Disability disability prior to death
7
YLD = number of case * AFp * Weighted , time)
\

Prevalence rate * number of populations

23
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Health impact assessment msilsziivmansznuvesnaiveimaneguaw ilumsinsizrideya
wieldlumsaadulosazmsnamumsaiugunaiy

E-R relationship

)

ed deaths (100%) Air pollution related deaths

Jd (¥ a a
aaﬂﬂszmmwanmmmiﬂsxmuwansxﬂummuawymmﬂﬁaqﬂjmw
a d 4 a
ulﬁalll!ﬂ' fni’J!ﬂi1”Tiﬂ'ﬂ?»ll%ﬁﬂiﬂﬁi%ﬁi]ﬁuﬁ‘wyﬂ"lﬂ]ﬂ!!ﬁ%ﬂﬂﬂi%ﬂ‘ﬂﬁiﬂ
ﬁ’sllﬂﬁ/‘l !‘]ﬂ! fnilWNﬂlMﬂlﬂQTiﬂ‘ﬂ1Qlﬂ‘H?ﬂﬂ1% Iiﬂ‘i’i’ﬂ% uauuugsaﬂaﬂ N3

1qu,muumwmsmmanauﬂsummmamﬂewansmumﬂﬂaﬂ 15U 19
uamﬂgamq
alth impact assessment studies are informative and

ﬂ"li!ﬂ!%ﬁﬁJ1ﬂ§ﬂ1§ﬂ’3ﬂﬂ3~l!ﬁﬂaﬂﬂaﬂi$ﬂﬂ smﬁamsﬁﬂmumms

effective tools of communication with the general public dufiuaunarmsvlsaulamenanisdszfiv sreldvnuaaui

. . . . M g \
as well as policymakers, in terms of impact magnitudes meavdesivayanasvoIutazidulszlavvlunisaaninuassuas

attributed to specific exposure (e.g., air pollutants). Usvilgspammermaieiniosgummwilszansu

Q Q
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Regional Federal
Government Partners

Private
Industry

https://hazards.colorado.edu/training/webinars/mapping-risk-th tional-risk-index-fe tural-hazards
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Email
arthit.pho@mahidol.ac.th

Contact
0-2354-8525

Location

Department of Environmental Health Sciences
Mahidol University Faculty of Public Health, Bangkok

Website
https://pheh.ph.mahidol.ac.th/
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