Effect of Air Pollution

on
COPD and Asthma.
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General Air Pollutants
2 groups

Y

Particle pollutants
PM0.1 PM2.5 Pm10

Gaseous pollutants
SO2 NO2 CO O3 VOCs



PM2.5 air pollution, mean annual exposure (micrograms per cubic meter),
2016

Population-weighted exposure to ambient PM2.5 pollution is defined as the average level of exposure of a population to
concentrations of suspended particles measuring less than 2.5 microns in diameter. Exposure is measured in micrograms per

cubic metre (ug/m?).
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Source: World Bank OurWorldinData.org/air-pollution/ « CC BY
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w With a premature death e...
https://news.un.org/en/story/...

A Welcome to the United Nations

Air pollution, the ‘silent killer’
that claims seven million lives a
year: rights council hears

4 March 2019 | Health

Shifting to renewable energy could save
up to 150 million lives by the end of the
century amid concerns that six billion
people regularly inhale air “so polluted
that it puts their life, health and well-
being at risk”, a UN-appointed

independent rights expert said on

WORLD
— ECONOMIC
= FORUM

Air pollution is the
world's top Kkiller,
according to new
research

Air pollution takes more years off your life
than smoking.
Image: REUTERS/Jason Lee

This article was originally published by
Reuters

21 Nov 2018

Landrigan PJ et al. Lancet2018;391:462-512



Absolute number of deaths from ambient particulate air pollution, 2015

Absolute number of deaths per year attributed to ambient (outdoor) particulate matter (PM2.5) air pollution
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Source: State of Global Air OurWorldinData.org/air-pollution/ « CC BY




Thailand, Estimated death related to PAb

THAILAND 2009
Death related to PM2.5 = 38,410 cases
= 6% total deaths

[GBD2015, globally =7.6% of total deaths,4.2 millions]

Decrease annual PM2.5 20% = Decrease death 22.2%

Table 4. Avoidable mortality and the percentage of deaths estimated to be caused by level of air pollutant in Thailand (2009).

Pollutants Mortality, in hundreds

Health outcome Current estimate (1) Decrease 20% of Avoided mortality Percentage of current estimate
pollutants concentration (1-2)
(2)
All-cause 126.9 96.2 30.8 24.3
4.9 1.6 24.4

Respiratory® 6.52
30.5 9.8 24.2

Cardiovascular® 40.24
All-cause
Cardiovascular®

na-cance 2 E————
NO, All-cause 36.5 29.2
Respiratory® 9.3 7.5

a The mortality numbers are not additive because these health outcomes are subsets of all-cause mortality.

Pinichka C et al. PLoS ONE2017;1292): e0189909



Temperatyre
arometric pressu




Pyramid of Health
Acute & Chronic

Admitted

ER visit Degree
Of

paired daily activiti health

pairment
Medication use

Symptoms/Quality of life |

ormal physiologic/biochemical/anatony

<«— Proportion of population affected —



K™ HX3 KxWy Th™ HTK

A Trel Hb eHTHob 3 SKH &
A TH@RKIGH Hier 3 T
Ay THHh b3 By




Recent CNX data analysis on seasonal haze

Daily mortality of CNX dwellers
Associated with daily PM2.5

Chiang Mai Time-series Study
Mar 2016-2018

Pothirat C et al. AAPs in CNX & Mortality & Serious acute health events2016-18(data analysis)



Daily death and Daily Average PN & PM2.5

- between Mar2016- Mar 2018
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Analysis of Air Pollution on Health




EVENT
(ER /HA/specific disease exacerbation/Dead)

AIR POLLUTANTS

FLU self report
Temperature

Tl
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The same population(CNX)
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Times-series analysis

Timesseriesanalysisis a statisticalapproachusedto examineassociationdetween
air pollution levels (usuallydaily concentrationsmeasuredat fixed monitoring sites)
and changesin morbidity or mortality of cardiopulmonarydiseasesfor a study
population in severalcities or even an entire country over a period (usuallyseveral
years)

It can also be applied to analyze associationsbetween personal air pollution
exposures(usuallirourly concentrationsmeasuredby either fixed monitoring sitesor
personal samplers) and changesin individual's physiologic functions (eg, blood
pressure heartrate, and heartrate variability)for a group of people (usuallyin tensto
hundreds)overa period (usuallydaysto months)

Suchanalysicanbe readilyperformedin standardstatisticalpackages

15



EVENT
(ER /HA/specific disease exacerbation/Dead)

AIR POLLUTANTS

FLU self report
Temperature
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The same population(CNX)
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Casecrossover study

Casecrossoveris a statistical approach used to examine acute effects (eg,

Increasesn daily mortality or morbidity) of air pollution episodes(eg, seasonal
smogdaysor unusualhigh pollution days)for a population (usuallythe patients
coveredby the serviceof hospitalsor all residentsin cities or entire country)
overaperiodtime (usuallyyears)

For eachstudy subject, this approachdefinesthe onsettime of their ililnessor
deathasd O I LASSNA ghdRlEe énatchedtime before or after their caseperiods
asthe @ O 2 ypérdsé

Thismethod canbe regardedasa variant of the traditional casecontrol design,
and hence, conditional logistic regressionscan be usedto estimate the odds
ratios for the study population Becauseboth @ O an8& O 2 y GoMBohehts
are from the sameindividuals,the casecrossoverdesignhasthe advantageof
eliminatingindividual'sconfoundingfactors(eg, age,sex,andeducationlevel)

17



EVENT
(ER /HA/specific disease exacerbation/Dead)

AIR POLLUTANTS

FLU self report
Temperature
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Cluster
of cases
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Daily death and Daily Average PN & PM2.5

- between Mar2016- Mar 2018
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Daily death and Daily Average PN & PM2.5
between Mar2016 Mar 2018

Every 10 mcg/cu.m increased daily PM2.5
was associated with

1.6% increased daily mortality
within a week

CNX populatlon (1 75 m|II|ons)

Daily PM2.5 Daily death
25 36

50 38 (+2)
90 40 (+4)
125 42 (+6)

Pothirat C et al. Int.J.Environ. Health Research(publication process)



Public Health and Air Pollution in Asia(PAPA)
(4 cities In Asia)
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Bangkok Hang Kang Shanghai Wuhan
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Wong CM et al. Environ Health Perspect2008;116:1195-1202
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Chiang Mai Time-series Study
Mar 2016-2018

Pothirat C et al. AAPs in CNX & Mortality & Serious acute health events2016-18(data analysis)



COPD
(I H Ky Xy h>XX X HK €HY HYy H X

3 h"1H " TpKH -v 6 RBIH TiH @ X K £ wHBEHB4W/E HYa9RD © K Y, 77.8-8.9%

Outcomes

P }Il 0

PM,; 5

Adjusted RR (95%CI)

Adjusted RR (95%CI)

0.988

(0.943-1.035)

1.012

(0.941-1.090)

0.975

(0.933-1.019)

0.991

(0.920-1.068)

[.011

(0.963-1.063)

1.013

(0.939-1.093)

0.984

(0.930-1.042)

0.943

(0.874-1.017)

0.979

(0.928-1.033)

0.941

(0.868-1.020)

1.015

(0.972-1.060)

1.029

(0.947-1.118)

1.069 (1.017-1.123)%*

1.089 (1.016-1.167)*

1.029

(0.990-1.069)

1.072 (1.001-1148)*

Pothirat C et al. Int.J.Environ. Health Research(publication process)
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Outcomes

Acute MI

HNTHE€K Yy T X @

3 h"1H " ThKH -v 0 RBIH TiH @ X Kk $ wiEGTHBW/E Hudldwe MI €K Y B.8% Y

PM;

PM; 5

Adjusted RR (95%CI)

Adjusted RR (95%CI)

Myocardial infarction

lag 0

1.026 (0.973-1.082)

1.017

(0.941-1.099)

lag 1

1.025 (0.979-1.072)

1.030

(0.951-1.116)

lag 2

1.019 (0.986-1.053)

1.008

(0.930-1.092)

lag 3

1.041 (1.004-1.081)*

1.013

(0.936-1.097)

lag 4

1.039 (0.991-1.088)

1.054

(0.980-1.134)

lag 5

1.032  (0.983-1.084)

1.030

(0.950-1.117)

lag 6

1.068 (1.015-1.123)*

1.086

(1.002-1.177)*

lag 7

1.057 (1.006-1.109)

1.065

(0.999-1.134)

Pothirat C et al. Int.J.Environ. Health Research(publication process)



Sepsis
(I H OIOHBWK™ T @3 Hyl i MR KE)

3 h"1®H " JbKH-v 0 RBIH TIHe X K 24 1 €KY H™ YHK
é HKBIFTHBEW/LLI H SEPSIS €K Y 5.4-6.196H

Outcomes PM;, PM; 5

Adjusted RR (95%CT) Adjusted RR (95%CT)
lag 0 1.007 (0.971-1.044) 1.024 (0.973-1.077)
lag 1 1.001 (0.969-1.033) 0.968 (0.921-1.019)
lag 2 1.033 (0.998-1.070) 1.042  (0.990-1.096)
lag 3 1.043 (1.006-1.082)* 1.057 (1.003-1.113)*
lag 4 1.045 (1.008-1.083)* 1.043 (0.999-1.088)
lag 5 1.066 (1.030-1.103)* 1.061 (1.008-1.117)*
lag 6 1.044 (1.007-1.083)* 1.059 (1.006-1.116)*
lag 7 1.043 (1.010-1.077)* 1.014 (0.962-1.068)

Pothirat C et al. Int.J.Environ. Health Research(publication process)



Daily death and Daily Average PNl & PM2.5
between Mar2016- Mar 2018

Every 10 mcg/cu.m increased daily PM2.5
was associated with

1.6% increased daily mortality R
within a week =

Chiang Dao District

(0.9941.005)

1.000
00 J000-1.0027 015 02881052 )52 (0.9941.005)
(0.9721.020) (1.0001.015)

1.014 (0.991 0.976 0.998
1.038) 1.009 (0.9281.029)
MDA (0.9931.004)

1.030 1.040 1.003 1.002 0.974 0.995

(0.9251.026
(1.0041.056" (1.006-1.074* (0.9781.028) (0.9941.011) (0.9961.000)

Pothirat C et al. Journal of Thoracic Disease(publication soon)
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Daily average PM10 and PM2.5
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Comparing daily admission between
Seasonal smog vs. Non-seasonal smog periods

Jan2 O-Ma&ch2 0 1 9

High pollution period Low pollution p-value
Jani Apr 2018 period
Jani Mar 2019 May T Dec 2018
Pollutants data
PM;, (Mg/m?®) (median, IQR) 56.2 (40.8 80.2) 32.0 (25.0- 39.0) <0.001
PM, s (ug/m?) (median, IQR) 42.7 (25.9 64.5) 16.0 (13.0- 22.0) <0.001
SO, (ppb) (median, IQR) 1.27 (1.62.0) 1.0 (1.0-1.0) <0.001
NO, (ppb) (median, IQR) 20.5 (15.11 29.0) 11.0 (6.0- 18.0) <0.001
CO (ppb) (Mearx SD) 1.09+ 0.27 0.98+0.18 <0.001
O; ( ppb) (median, IQR) 26.0 (37.00 43.3) 23.0 (18.0- 28.0) <0.001
Meteorological
Pressurenillibars) (Mean+ SD) 1,011.8+ 2.9 1,009.3+ 4.23 <0.001
Temperature (c) (Meah SD) 26.1+ 2.6 27.2+1.8 <0.001
Humidity (%) (Meant SD) 60.1+ 9.4 75.3+6.7 <0.001
Rain (millimeters) (median, IQR) 0 (0-0) 0(0-2.9 <0.001
Wind speed (km/hr) (Meah SD) 18.2+ 6.8 20.1+6.8 0.003
Admission diagnosis
COPD (median, IQR) 25(21.51 29) 19 (161 22) <0.001
Pneumonigmedian, IQR) 34 (28- 42) 29 (231 37) <0.001
Acute MI(median IQR) 3 (271 4) 3 (21 4) 0.505
HF (median, IQR) 8 (51 10) 6 (4-8.5) <0.001
CStroke (median |OR) Q (AT 10) 7 (6-10) 0 R2?2




Associations between PM,,, PM, ¢
and
COPD admission

PMj,every1l0mcg/m? PM,every 10 mcg/m

Outcomes — \ justed RR (95%Cl) Adjusted RR (95%Cl)
lag 0 0.996(0.9851.008) 0.996(0.985,1.008
lag 1 1.000(0.9881.012) 1.000(0.987,1.013
lag 2 1.011(0.9991.023)  1.014(1.001,1.028
lag 3 1.006(0.994,1.018 1.012(0.999,1.025
lag 4 1.004(0.992,1.016 1.010(0.9971.024)
lag 5 1.002(0.990,1.04 1.006(0.993,1.019
lag 6 1.005(0.993,1.007 1.010(0.997,1.024
lag 7 1.005(0.992,1.008 1.003(0.990,1.007

Interpretation:
every 10 mcg/cu.m of daily PM2.5 increased, COPD admission increased 1.4%



Associations between PM,,, PM, ¢
and

Heart fallure admission

PM,,every 10 mcg/m? PM, - every 10 mcg/m

Outcomes _ _

Adjusted RR (95%CI) Adjusted RR (95%Cl)
lag O 1.006(0.986,1.026 0.996(0.975,1.018
lag 1 1.003(0.981,1.024 0.998(0.974,1.021
lag 2 1.023(1.002,1.045 1.020(0.996,1.044
lag 3 1.019(0.997,1.091 1.018(0.994,1.042
lag 4 1.015(0.993,1.036 1.026(1.002,1.050
lag 5 1.014(0.992,1.036 1.016(0.992,1.040
lag 6 1.022(1.001,1.044 1.019(0.995,1.043
lag 7 1.031(1.009,1.055 1.026(1.002,1.05%

Interpretation:
every 10 mcg/cu.m of daily PM10 or. 2.5 increased, COPD admission increased 2.3-3.1%



Associations between PM,,, PM, 5 SO2 and

Stroke admission

PM,,every 10 mcg/n?® PM, - every 10 mcg/m SO, every 0.1 ppb
out

HEOmES Adjusted RR (95%CI) Adjusted RR (95%CI) Adjusted RR (95%CI)
lag O 0.982(0.963,1.002 0.978(0.958,0.999 1.007(1.001,1.01¢
lag 1 0.979(0.959,1.000 0.982(0.959,1.005 1.007(1.000,1.013
lag 2 0.994(0.974,1.015 0.999(0.976,1.022 1.009(1.002,1.018
lag 3 1.000(0.979,1.020 1.006(0.984,1.029 1.006(0.999,1.012
lag 4 0.996(0.976,1.02)7 0.999(0.977,1.022 1.009(1.002,1.018
lag 5 0.988(0.968,1.009 0.996(0.974,1.019 1.005(0.998,1.012
lag 6 0.990(0.970,1.011 0.986(0.964,1.009 1.009(1.002,1.018
lag 7 0.982(0.960,1.004 0.975(0.952,0.998 1.007(1.001;1.014

Interpretation:
every 0.1 ppb/cu.m of daily SO2 increased, Stroke admission increased 0.7-0.9%



