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INTRODUCTION 



Particle pollutants 

PM0.1 PM2.5  PM10 
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Gaseous pollutants 

SO2  NO2  CO  O3  VOCs 

General Air Pollutants 
2 groups 



4 



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

Risk Factors To Global Mortality 

9  
6.5 (AAP4.2+HAP2.9) 
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Thailand, Estimated death related to PM2.5 

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% 

Pinichka C et al. PLoS ONE2017;1292): e0189909 
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Air éthe most important food for life 
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Å҃ҴҥҾҬҷҤҌҷҩҶҗҥҴҤҩҳқҙҷӆҾҠҶӆң҄ ҸӮқ 

 
Å҃ҴҥҾҊӅҜҝӤҩҤ҄ ҳӮқҥҺқҿҥ҉ҙҷӆҬһ҉҄ ҸӮқ 

Ҟҧ҃ҥҲҙҜҗӤүҬҺ҄ҢҴҠ҄ҳӮқҥҺқҿҥ҉ 

ÅүҴҤҺ҄ҳҤҙҷӆҬҳӮқҧ҉ 



 
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)  

Recent CNX data analysis on seasonal haze 



Daily death and Daily Average PM10 & PM2.5 
 between Mar 2016- Mar 2018 

mcg/m3 

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar    

2016 2017 2018 

 PM 2.5  

PM 10 

Daily death 



Analysis of Air Pollution on Health  
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TIME 

EVENT 

(ER /HA/specific disease exacerbation/Dead) 

AIR POLLUTANTS 

FLU self report 

Temperature 

The same population(CNX) 



 Times-series analysis is a statistical approach used to examine associations between 
air pollution levels (usually daily concentrations measured at fixed monitoring sites) 
and changes in morbidity or mortality of cardiopulmonary diseases for a study 
population in several cities or even an entire country over a period (usually several 
years).  

  

 It can also be applied to analyze associations between personal air pollution 
exposures(usually hourly concentrations measured by either fixed monitoring sites or 
personal samplers) and changes in individual's physiologic functions (eg, blood 
pressure, heart rate, and heart rate variability) for a group of people (usually in tens to 
hundreds) over a period (usually days to months).  

        

       Such analysis can be readily performed in standard statistical packages 

15 

Times-series analysis  
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TIME 

EVENT 

(ER /HA/specific disease exacerbation/Dead) 

AIR POLLUTANTS 

FLU self report 

Temperature 

The same population(CNX) 



Case-crossover study 

       Case-crossover is a statistical approach used to examine acute effects (eg, 
increases in daily mortality or morbidity) of air pollution episodes (eg, seasonal 
smog days or unusual high pollution days) for a population (usually the patients 
covered by the service of hospitals or all residents in cities or entire country) 
over a period time (usually years).  

 

 For each study subject, this approach defines the onset time of their illness or 
death as άŎŀǎŜ ǇŜǊƛƻŘǎέ and the matched time before or after their case periods 
as the άŎƻƴǘǊƻƭ periods.έ  

 

 This method can be regarded as a variant of the traditional case-control design, 
and hence, conditional logistic regressions can be used to estimate the odds 
ratios for the study population. Because both άŎŀǎŜέ and άŎƻƴǘǊƻƭέ components 
are from the same individuals, the case-crossover design has the advantage of 
eliminating individual's confounding factors (eg, age, sex, and education level). 

17 
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Daily death and Daily Average PM10 & PM2.5 
 between Mar 2016- Mar 2018 

mcg/m3 

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar    

2016 2017 2018 

 PM 2.5  

PM 10 

Daily death 



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

1.6% increased daily mortality 
within a week 

 

Ҋ.ҾҌҷҤ҉ӁҭңӤ 

CNX population (1.75 millions) 

 
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) 

Daily death and Daily Average PM10 & PM2.5 
 between Mar 2016- Mar 2018 



Wong CM et al. Environ Health Perspect2008;116:1195-1202 

Public Health and Air Pollution in Asia(PAPA) 
 (4 cities in Asia) 

҃ҙң.ҾҬҷӆҤ҉җӤү҃ ҴҥҾҬҷҤҌҷҩҶҗҬһ҉҃ҩӤҴҾҠҹӆүқ үҴҊҾҝӅқҾҠҥҴҲ 
1. ңҷ҃ҶҊ҃ҥҥңқү҃үҴ҆ҴҥқҴқ҃ҩӤҴҾңҹү҉ҭқҴҩ 

2.  ӁқүҴ҆ҴҥңҷҾ҆ҥҹӆү҉ҝҥҳҜүҴ҃ҴҪқӥүҤ҃ҩӤҴ 

3. ңҷҢҴҩҲҭҥҹүӀҥ҆үҹӆқӄҥӤҩңҖӥҩҤңҴ҃҃ҩӤҴ 

4. ңҷ҆ӤҴ PM2.5 Ҭһ҉҃ҩӤҴ 



 
ҬҴҾҭҗҺ҃ҴҥҾҬҷҤҌҷҩҶҗҥҴҤҩҳқ҄ ү҉ҌҴҩҾҌҷҤ҉ӁҭңӤ 

ҙҷӆҬҳңҠҳқҚӨ҃ҳҜңҧҠҶҫҟҺӤқҊҶӉҩ 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)  

ҾҊҴҲҧҸ҃ҩҶҾ҆ҥҴҲҭӨ҄ӥүңһҧ҄ү҉Ҋҩ.ҾҌҷҤ҉ӁҭңӤ 



COPD 
(Ӏҥ҆ҝүҖүҺҖ҃ҳӇқҾҥҹӇүҥҳ҉ҭҥҹүӀҥ҆ҘҺ҉ҧңӀҝӤ҉Ҡү҉) 

ҙҺ҃ӄ 10 ң҆.҃/ҧҜ.ң -vôPM2.5 ҥҴҤҩҳқҙҷӆҾҠҶӆң҄ҸӇқéңҷҞһӥҙҷӆҾҬҷҤҌҷҩҶҗҊҴ҃Ӏҥ̓COPD ҾҠҶӆң҄ҸӇқ 7.2-8.9% 

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



Acute MI 
(Ӏҥ҆҃ҧӥҴңҾқҹӇүҭҳҩӁҊ҄ҴҖҾҧҹүҖ) 

ҙҺ҃ӄ 10 ң҆.҃/ҧҜ.ң -vôPM2.5 ҥҴҤҩҳқҙҷӆҾҠҶӆң҄ҸӇқéңҷҞһӥҙҷӆҾҬҷҤҌҷҩҶҗҊҴ҃Ӏҥ̓Acute MI ҾҠҶӆң҄ҸӇқ 8.6% 

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



Sepsis  
(Ӏҥ̓җҶҖҾҌҹӇүӁқ҃ҥҲҿҬҾҧҹүҖҭҥҹүӀҧҭҶҗҾҝӅқҠҶҫ) 

ҙҺ҃ӄ 10 ң҆.҃/ҧҜ.ң -vôPM2.5 ҥҴҤҩҳқҙҷӆҾҠҶӆң҄ҸӇқé 
    éңҷҞһӥҙҷӆҾҬҷҤҌҷҩҶҗҊҴ҃Ӏҥ̓ SEPSIS ҾҠҶӆң҄ҸӇқ 5.7-6.1% 

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



  Adjuste

d RR 

(95%CI) 

Adjuste

d RR 

(95%CI) 

Adjuste

d RR 

(95%CI) 

Adjuste

d RR 

(95%CI) 

Adjuste

d RR 

(95%CI) 

Adjuste

d RR 

(95%CI) 
   lag 

0 

1.003 

(0.963-1.044) 

0.989

 

(0.935-1.046) 

1.005

 

(0.982-1.028) 

1.000

 

(0.992-1.008) 

1.005 

(0.956-1.057) 
1.006    

  (1.000-1.011)*  

   lag 

1 

1.008 

(0.968-1.049) 

1.012

 

(0.958-1.070) 

1.018

 

(0.994-1.042) 

1.004

 

(0.996-1.012) 

1.041 

(0.990-1.095) 

1.002

 

(0.997-1.008) 

   lag 

2 

0.983 

(0.943-1.024) 

0.973

 

(0.919-1.030) 

1.009

 

(0.986-1.032) 

1.003

 

(0.995-1.010) 

1.010 

(0.960-1.063) 
1.007    

  (1.001-1.012)*  

   lag 

3 

0.999 

(0.959-1.040) 

0.993

 

(0.939-1.050) 

1.006

 

(0.983-1.030) 

1.007

 

(1.000-1.015) 

0.984 

(0.935-1.035) 

1.003

 

(0.998-1.009) 

   lag 

4 

1.022 

(0.983-1.063) 

1.028

 

(0.974-1.085) 

0.998

 

(0.974-1.022) 

1.008     
 (1.000-1.015)*  

0.981 

(0.932-1.033) 

1.000

 

(0.994-1.005) 

   lag 

5 

1.027 

(0.988-1.069) 

1.029

 

(0.980-1.080) 

0.996

 

(0.972-1.020) 

1.007

 

(1.000-1.015) 

0.999 

(0.948-1.052) 

1.000

 (0.994-1.005) 

   lag 

6 

1.030      
(1.004-1.056)*  

1.035      
(1.002-1.070)*  

1.014 (0.991-

1.038) 
1.009     

 (1.001-1.017)*  

0.976 

(0.928-1.027) 

0.998

 

(0.993-1.004) 

   lag 

7 

1.030      
(1.004-1.056)*  

1.040     
(1.006-1.074)*  

1.003

 

(0.978-1.028) 

1.002

 

(0.994-1.011) 

0.974 

(0.925-1.026) 

0.995

 

(0.990-1.000) 

Ҋ.ҾҌҷҤ҉ӁҭңӤ 

ү.ҾҌҷҤ҉ҖҴҩ 

Pothirat C et al. Journal of Thoracic Disease(publication  soon) 

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

1.6% increased daily mortality 
within a week 

 

Chiang Dao District 

Community dwellers, daily mortality increased 3.5% 

Hospitalized patients, daily mortality increased 15% 

Daily death and Daily Average PM10 & PM2.5 
 between Mar 2016- Mar 2018 



 
Å҃ҴҥҾҬҷҤҌҷҩҶҗҥҴҤҩҳқҙҷӆҾҠҶӆң҄ ҸӮқ 

 
Å҃ҴҥҾҊӅҜҝӤҩҤ҄ ҳӮқҥҺқҿҥ҉ҙҷӆҬһ҉҄ ҸӮқ 

Ҟҧ҃ҥҲҙҜҗӤүҬҺ҄ҢҴҠ҄ҳӮқҥҺқҿҥ҉ 

ÅүҴҤҺ҄ҳҤҙҷӆҬҳӮқҧ҉ 
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High pollution period  

Jan ï Apr 2018 

Jan ï Mar 2019 

Low pollution 

period 

May ï Dec 2018 

p-value 

Pollutants data   

   PM10 (µg/m3) (median, IQR) 56.2 (40.8 ï 80.2) 32.0 (25.0 - 39.0) <0.001 

   PM2.5 (µg/m3) (median, IQR) 42.7 (25.9 ï 64.5) 16.0 (13.0 - 22.0) <0.001 

   SO2 (ppb) (median, IQR) 1.27 (1.0-2.0) 1.0 (1.0 - 1.0) <0.001 

   NO2 (ppb) (median, IQR) 20.5 (15.1 ï 29.0) 11.0 (6.0 - 18.0) <0.001 

   CO (ppb) (Mean ± SD) 1.09 ± 0.27 0.98 ± 0.18 <0.001 

   O3 ( ppb) (median, IQR) 26.0 (37.0 ï 43.3) 23.0 (18.0 - 28.0) <0.001 

Meteorological  

   Pressure (millibars) (Mean ± SD) 1,011.8 ± 2.9 1,009.3 ± 4.23  <0.001 

   Temperature (c) (Mean ± SD) 26.1 ± 2.6 27.2 ± 1.8 <0.001 

   Humidity (%) (Mean ± 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) (Mean ± SD) 18.2 ± 6.8 20.1 ± 6.8 0.003 

Admission diagnosis 

   COPD (median, IQR)    25 (21.5 ï 29) 19 (16 ï 22) <0.001 

   Pneumonia (median, IQR) 34 (28 - 42) 29 (23 ï 37) <0.001 

   Acute MI(median, IQR) 3 (2 ï 4) 3 (2 ï 4) 0.505 

   HF (median, IQR) 8 (5 ï 10) 6 (4 -8.5) <0.001 

   Stroke (median, IQR) 8 (6 ï 10) 7 (6 -10) 0.322 

Comparing daily admission between 
Seasonal smog vs. Non-seasonal smog periods 

(Jan 2018 - March 2019)  



 

Outcomes 
PM10 every 10 mcg/m3 PM2.5 every 10 mcg/m3 

Adjusted RR  (95%CI) Adjusted RR  (95%CI) 

   lag 0       0.996(0.985, 1.008) 0.996(0.985,1.008) 

   lag 1       1.000(0.988, 1.012) 1.000(0.987,1.013) 

   lag 2       1.011(0.999, 1.023) 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(0.997, 1.024) 

   lag 5       1.002(0.990,1.014) 1.006(0.993,1.019) 

   lag 6       1.005(0.993,1.017) 1.010(0.997,1.024) 

   lag 7       1.005(0.992,1.018) 1.003(0.990,1.017) 

Associations between PM10, PM2.5  

and  

COPD admission 

Interpretation:  

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



 

Outcomes 
PM10 every 10 mcg/m3 PM2.5 every 10 mcg/m3 

Adjusted RR  (95%CI) Adjusted RR  (95%CI) 

   lag 0 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(0.997,1.041) 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(1.002,1.051)*  

Associations between PM10, PM2.5  

and  

Heart failure admission 

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



 

Outcomes 
PM10 every 10 mcg/m3 PM2.5 every 10 mcg/m3 SO2 every 0.1 ppb 

Adjusted RR  (95%CI) Adjusted RR  (95%CI) Adjusted RR  (95%CI) 

   lag 0 0.982(0.963,1.002) 0.978(0.958,0.999) 1.007(1.001,1.014)*  

   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(1.002,1.016)*  

   lag 3 1.000(0.979,1.020) 1.006(0.984,1.029) 1.006(0.999,1.012) 

   lag 4 0.996(0.976,1.017) 0.999(0.977,1.022) 1.009(1.002,1.016)*  

   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(1.002,1.016)*  

   lag 7 0.982(0.960,1.004) 0.975(0.952,0.998) 1.007(1.001,1.014)*  

Associations between PM10, PM2.5 ,SO2 and  

Stroke admission 

Interpretation:  

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


