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Executive Summary

Rationale

Researches worldwide have shown that ambient particulate matter (PM) levels are related
to morbidity and mortality from respiratory system, acute and chronic cardiovascular diseases,
specifically in the compromised patients such as elderly, children and respiratory disease patients.
Chiang Mai is one of the air-polluted cities especially it has been affected from fine PM originated
from open burning, traffic problems. The statistics has shown that the out-patients and in-patients with
respiratory and cardiovascular problems in the Maha Raj Nakhon Chiang Mai hospital have been
increasing which might be related to air pollution, but until now it has not been proven yet. This study
was to investigate the associations between the ambient air pollutants and signs, symptoms and lung
capacity of the respiratory system affected patients, i.e., asthmatic patients by making a comparison
between two affected areas: Muang districts in Chiang Mai and Lamphun provinces, including the
evaluation of economic losses due to illness of these patients. The outcomes obtained from this study

would be the basic information for air quality management assessment in the future.

Material and Methods
The study design was a panel study in asthmatic patients to investigate the associations
between the ambient air pollutants and lung capacity (Peak Expiratory Flow Rate-PEFR), signs and
symptoms, including the evaluation of economic losses due to illness of these patients, who lived in
Muang district and perimeter of Chiang Mai totally 152 patients and that of Lamphun totally 56
patients. The study period was around 1 year. The instruments of data collections were a log book for
daily air quality records of fine PM less than 10 microns in size (PM,), ultra fine PM less than 2.5
microns in size (PM, ), carbon monoxide (CO), ozone (O,), nitrogen dioxide (NO,), and sulphur
dioxide (SO,); and a log book for daily meteorological records, i.e., pressure, temperature, relative
humidity, rain quantity, and sunlight. However, the air quality data in Lamphun contained only PM,,
and PM, .. The data collection in patients was conducted using a log book consisting of personal
profile, daily PEFR, and asthmatic symptoms. The study procedures were
1. Collecting asthmatic patients registered to Faculty of Medicine, Chiang Mai University and
Lamphun hospital, who lived in Chiang Mai Muang district and its perimeter totally 152 cases

and lived in Lamphun Muang district and its perimeter totally 56 cases.



2. Recording daily signs and symptoms of the respiratory system, bronchodilator usage and
frequency in the log book designed by the investigators by the guardians of young patients or
patients themselves, including their PEFR twice daily (morning and evening) with Mini—Wright
peak flow meter.

3. Collecting air samples and making analyses for daily PM levels (24-hour average) with mini
volume air sampler for two locations in Lamphun Muang district, i.e., Ban Klang Tambon
Administration Organization and Wat Kai Keaw.

4. Recording daily PM,, and PM,, and other pollutants, i.e., CO, O,, NO,, and SO, (24-hour
average) obtaind from air quality monitoring station located in the Yuparaj Vithayalai school.

5. Recording meteorological data, i.e., pressure, temperature, relative humidity, rain quantity, and
sunlight obtained from Northern Meteorological Center in Chiang Mai and Lamphun.

6. Analysing the data obtained for steps 2-5 using Linear Mixed Effects Model (Repeated Measures)
(for daily peak flow) and Generalized Estimating Equation (GEE) (for daily asthmatic
symptoms). The covariance structure of peak expiratory flow for linear mixed effects model
(repeated measures) statistics was ARMA (1, 1).

7. Evaluating the economic losses due to illness of these patients by collecting treatment expenses
and costs for opportunity loss from illness such as income loss from the Faculty of Medicine,

Chiang Mai University using interview technic.

Results

The sample size of this study was 208 cases from Chiang Mai 152 cases and Lamphun 56
cases. Most were females (53.3 and 66.1%, respectively). Their hometown were Muang districts in
Chiang Mai and Lamphun. Their occupations were students and work as employee. Most aged 51-60
years in Chiang Mai but 41-50 years in Lamphun with average * standard deviation of 39.89 * 23.38
and 46.55 + 15.11 years respectively. The asthmatic severity was categorized as mild persistent in
Chiang Mai and moderate persistent in Lamphun. The duration of illness was 0-10 years both in
Chiang Mai and Lamphun with average *+ standard deviation of 16.87 £ 16.83 and 14.66 = 14.07
years respectively.

The associations between average daily PEFR and personal profile, air quality and
meteorological data were found statistically significant in Chiang Mai for age, asthmatic severity,
weight, height, PM,  (lag 2), and CO (lag 6), and in Lamphun for asthmatic severity, height, and

relative humidity (lag 4).



The associations between morning daily PEFR and personal profile, air quality and
meteorological data were found statistically significant in Chiang Mai for age, asthmatic severity,
weight, height, and sunlight (lag 4), and in Lamphun for asthmatic severity, height, and relative
humidity (lag 4).

The associations between evening daily PEFR and personal profile, air quality and
meteorological data were found statistically significant in Chiang Mai for age, asthmatic severity,
weight, and height, and in Lamphun for asthmatic severity, and height.

The associations between average cumulative daily PEFR (centered moving average,
span 3) and personal profile, air quality and meteorological data were found statistically significant in
Chiang Mai for age, asthmatic severity, weight, height, PM2.5 (lag 0), pressure (lag 2), and rain
quantity (lag 0), and in Lamphun for asthmatic severity, day of week, height, and temperature (lag 1).

The associations between average daily PEFR in young group (aged less than or equal to
12 years) and personal profile, air quality and meteorological data were found statistically significant
in Chiang Mai for height, CO (lag 6), pressure (lag 2), and rain quantity (lag 0). In Lamphun therer
were no young patients.

The associations between average daily PEFR in adult group (aged more than 12 years)
and personal profile, air quality and meteorological data were found statistically significant in Chiang
Mai for gender, age, asthmatic severity, weight and CO (lag 6), and in Lamphun for asthmatic
severity, height, and relative humidity (lag 4). (This was the same as average daily PEFR group due
to all subjects in Lamphun were adults.)

The associations between average daily PEFR in rainy season (1" June to 30" September)
and personal profile, air quality and meteorological data were found statistically significant in Chiang
Mai for age, asthmatic severity, weight and height, and in Lamphun for asthmatic severity, day of
week, and height.

The associations between average daily PEFR in dry season (1" December to 31" March)
and personal profile, air quality and meteorological data were found statistically significant in Chiang
Mai for age, asthmatic severity, day of week, weight, height, and PM, ; (lag 2), and in Lamphun for
asthmatic severity, day of week, and height.

The associations between average daily PEFR in mild group (level 1: intermittent, and

level 2: mild persistent) and personal profile, air quality and meteorological data were found
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statistically significant in Chiang Mai for age, weight, height, and PM,, (lag 0), and in Lamphun for
age,weight, and height.

The associations between average daily PEFR in severe group (level 3: moderate
persistent, and level 4: severe persistent) and personal profile, air quality and meteorological data
were found statistically significant in Chiang Mai for age, and height, and in Lamphun for day of
week, pressure (lag 3), temperature (lag 0), sunlight (lag 3), and rain quantity (lag 2).

The associations between daytime asthmatic symptom and personal profile, air quality and
meteorological data were found statistically significant in Chiang Mai for asthmatic severity, day of
week, and relative humidity (lag 0), and in Lamphun for PM,, (lag 0).

The associations between nighttime asthmatic symptom and personal profile, air quality
and meteorological data were found statistically significant in Chiang Mai for gender, asthmatic
severity, weight, height, and rain quantity (lag 3), and in Lamphun for asthmatic severity,
temperature (lag 0), and sunlight (lag 0).

The economic data showed that the average unit cost for asthma treatment per capita per
month was 1,247.45 Baht (14,969.40 Baht/person/year). For the patients in Chiang Mai, it was
1,396.45 Baht (16,757.39 Baht/person/year): and for the patients in Lamphun, it was 628.53 Baht
(7,542.35 Baht/person/year). In case of Chiang Mai results, the unit cost was 3 times higher than that

of general Chiang Mai residents (425 Baht/person/month).

Discussion

In Chiang Mai, considering PM, it was found to be related to PEFR at lag 2. This
association was also found when analyzing for dry season period (1" December to 31" March) and
considering the average cumulative daily PEFR (centered moving average, span 3), but for the later it
was related to PM, ; at lag 0. It implies that the changes of PM, ; level influence the lung capacity 2
days later or it takes effects on the same day when considering the average cumulative daily PEFR
(centered moving average, span 3). For PM,,, it was found associated with PEFR in patients
categorized as mild group (level 1: intermittent, and level 2: mild persistent) at lag 0. For other
pollutants, this study revealed that CO (lag 6) was associated with PEFR in both young and adult
patients. When considering the entire group, both PM, . and CO were related to PEFR denoting that
both pollutants synergistically affect the PEFR in asthmatic patients.

In Lamphun there was no association between PEFR and PM regardless considering any sub-

group (severity of asthma) or any season (dry or wet), but there was with personal characteristics such



as height, weight and meteorological data such as relative humidity, temperature, sunlight. This might
be the fact that the PM levels were not high enough to make change the PEFR, or the air quality data
collected from only 1-2 stations in such a wide area (as the subjects resided dispersively around the
city and perimeter) might not be accurate enough. This finding was the same as most studies
worldwide.

For the asthmatic symptoms both in daytime and nighttime, it was found only that PM ; was
associated with the daytime symptom in Lamphun.

As discussed previously that both PM, , and PM, ; were statistically associated with PEFR and
asthmatic symptoms, it indicates that the epidemiological study design play a major role on the study
outcomes. In this study a panel study was selected to follow the subjects for a certain period of time
and to collect air quality data and health data, i.e., PEFR and asthmatic symptoms daily so-called time
series, which is suitable for acute health effects because the association is easily detected.
Furthermore, study group selection is another key success (as asthmatic patients were selected for this
study) to detect the association; this is due to the fact that asthmatic patients are usually sensitive to
stimulants; therefore, only a minor change of air quality is able to affect lung capacity and asthmatic
symptoms. The important of the findings confirm that air quality campaign must continue stringently,
otherwise the high risk group such as the asthmatic patients will get the negative impacts to their
health, which in turn deteriorate their quality of life and their economy including their family and the
nation as a whole. This can be seen that the treatment expenses and personal expenditure of each
patient per month in Chiang Mai were 3 times higher than the average expenses of general northern

residents.

Recommendations for Further Study

1. A longitudinal cohort study be conducted on other concerned diseases, e.g., patients with
chronic obstructive lung disease, patients with cardiovascular diseases, etc on orther health outcomes
such as acut exacerbration, rate of admission to the hospital, mortality, etc.

2. A study to investigate the association between lung cancer and ambient air pollutants

particularly in Chiang Mai.



Policy Recommendations

1. An automatic real-time air quality monitoring station be installed in Lamphun. This study
showed that PM10 was related to daily asthmatic symptoms, so air quality data can be used as an
index for efficiency evaluation of air quality management.

2. Health surveillance on respiratory and cardiovascular diseases including cancers of the
respiratory system be employed.

3. The stringent air quality control measures be continued, including mitigation measures to the
sources of pollutants such as improvement of garbage gathering system and more effective garbage

disposal, and mass transportation.



YNAAYD

= Aq gan = 91 A & A A v o
M3AnIN1HITMIANYIWUY Panel study Tugirendlulsaveuiiamoriinnudunus
JZHINITZAVVBINTNONANBUADZFHANUAINNUYLDA (Peak expiratory flow) 1N13UAZOINT
a = a 4 < 1 @ A I A
waad  uazlssiuanuguiaemuas v gmansveImsugduiiennnmsiulsaveuia
Y A = [ ] o =\ [ = 1 o
voudileviovia Geoidvedluundunamoaazsuama Saialelnl 910U 152 au uag
) A o v o o = < 9 ~
gunolioazSuama 3aniaa 1y 91U 56 A Taslszeznarlumsimnuveyalssuna 13
A A A = A g A A A o = o Y 1 @
oo 1 lumsAniasstiudailu wielonldlumstuiingunimermasietu ldun szau
1 < ' [ < 1
duvinaannn 10 luaseu  (PM,), szauduvinednnin 2.5 luaseu  (PM,)),
4 -4 4 @ 4 -4
mivouueuenlwa (CO), Tolwu (0,), lulaswulasenlyd (NO,), nazdamles lavon e
A A v =KX 9 a a Y a dy [ v d
(S0, uazAyesleluindeyangaionIne laun anunaed guugl ANUFUFNWNS
I o 4 { I 1 o ] 1 9 %
Yy vasuaailusieiy wieslonlinudeyalunquatedis laun ayatiufindoya ¥4
1 I [
Uszneudae doyadiuyana uazdoyaniuyleauazeimsneviaiugieii
= ¥y v v A oA A o o =
pamsanpaadlimiun ludsiadedyl ennsuuamzaulsszauduazidon
1A v o Jdo J . A L n'dyw 1 A
PM, . WUNUANUANUNUTNUAT Peak expiratory flow 0 lag 2 ANudunusHdinuae liile
WTUURMIZFNOGUAT (1 FUNAY D3 31 Tuan) uaza1 Peak expiratory flow HUUAL HNINAY
@ 1 v 3 1 1 @
3189U (Centered Moving Average, Span 3) ualunsalvauilu PM, il lag 0 UEANNTEAUNIT
nasunasues PM,, azlimaneman)dounilasvesnnugealudn 2 Juaeun wieluiu
AEINUAIMTUNTANONTUIA Peak expiratory flow UUUALAUNAST1YIU (Centered Moving
4 a Y Y < 1 o v o 1
Average, Span 3) oW 1sammizanlsszauduvIa@En PM,, WUNIANNFUNUSAUAT Peak
v ] 9
expiratory flow mW1zHTeNTZAUANUFULIIA [52A 1 T0IN15UIUY AT (Intermittent) 11AZ
v ] 9 9
5¥AU 2 ©INMIFUNTINOY (Mild persistent)] 7 lag 0 AIMSUVETUANBIUMIANBIATIUNUNTZAY
¢ ¢ ~ @ o o 1 4 ! ! <
m5vouNouonlsa (lag 6) IANNANWUSAUA Peak expiratory flow Nalunquithamniay
[ a g.ll 1 [ 1 3’, @ 4 I
Alvg TaommzInNsaINIgoInquIIuAUNDIING PM,, 1agIzaumSuaunouen luai
o v o 1 g’; 1 1 a g’; U [ J a
ANMUANRUSAUAT Peak expiratory flow M99 LaAIN@IsHANENIdoITWNUND ITINANANTEND
Aof1 Peak expiratory flow Gluwi}ﬂﬁﬂﬁﬂﬂﬁﬂ

[

o v o 1 T o v o [ (B
Tudandadyulinudim Peak expiratory flow Ianuduiusnuszaudusedy Tudee

q

a U Y [ A A ~ A A
W%TSEMTLQWT%ﬂﬁlIIZ{ﬂ’JEJ (38ﬂﬂﬂ??ﬂ?ﬂlliﬂ“ﬂ@ﬁiﬁﬂﬁ@‘ﬂﬁﬂ) ‘Viﬁ’ﬂi]ﬁ]ﬂTﬁﬁUfN‘ﬂ (qauawsaqsﬂﬁu)

Q

o o (%

1 1 [ 1 ¥ o A a ' X
!L@]ﬁﬂ'ﬂll u uf U%}@Haﬁﬁuuﬂﬂa MU AIUEY UINUD uaz%uﬂam”ldq@]‘uﬂu’mm YU ANUTU
o ) < Y ¥R < 9 o o A Y Y @
UNND QUYU LIEILLAA Wuau ‘VNLlf‘J"ﬁ]lﬂJuWaiﬂﬁ]"lﬂ"]lﬂﬂa!ﬂﬁgﬂ'ﬂPJU‘V]“Q%WﬂﬂTﬁ@ﬁ”Jﬂ'Jﬂ@ﬁ]%%EN

1 = o Y I a . Y 1 o A 9y
ligananenagi ldviums/asundasves Peak expiratory flow lApe1e¥aly 13emsly

e



9 [ d’d = = 43' d‘ = d' 9 1Y d' 1 Y ]
UVBYANITATIVIAAUNINDINIANUINGY 1-2 g0131 JuNuUNMSANEINNIIUIN (m‘nﬂqumamq

o & o A vy AN P & o =
i’ﬂﬁfl@gﬂﬁgGUWEJTI'JLGUQE’]TLﬂ@LN@QLLagﬂ%Nm“ﬂﬁ) m%“lmayjam'luazma@m FINTINUNIIFANBN

A < ~ Y = o
auq M Taninuluuwr luaeny

9

9
mmuamﬁmuﬁmwmumﬂaw’Juuazﬂmqﬁu Tu 2 dwda wunaals PM,, 1l

o J

ANuduiuiiuoIMIne Ui uneuna1iy Tudiiadiyu

Y 4 1 9 [ < U [ A A = 1
VDUAUATHIMAATWUN GIU‘VIUﬂ'Iiiﬂ'H'lﬂ'J’lllLﬁ]Uﬂ'ﬁﬂﬂuluﬂﬂﬁ]’lﬂiiﬂﬂ@ﬂﬁﬂlﬂﬁﬂﬂﬂﬂu

K1) q

[

A T W 1 a dy A ~ = g 9 1
ADIADUVDINQUAIDYNANIUIYUY AD 1,247.45 UM (14,969.40 ‘UTVI/‘ﬂu/ﬂ) GNL‘l]u"UfNEJ.ﬂ’JEJGlu

T iamodInaniny 1,396.45 v (16,757.39 vauil) tazvesdihelunquatediessania

o 1

Ay 628.53 11 (7,542.35 mwauAl) Tunsaidihedaniadsandaldaeainangana

'
|7

' = ' A = A =2 '
AnnagaamanueInumed vl 11 425 vi/musden) 94 3 1
) '
PoraupUUzMIUMIANEIAGILAD  AITAUTUNIATNMIAILANADNINDINANTA Y
v '
riuaaaell sauismsninasmImsud lufymmsduiiavesasnevaiiuidumg 1wy ms

'
@

1Y < ¥ o o A a A 1% 1 1 <
%ﬂﬁ%‘ﬂ‘ﬂfﬂilﬂ‘ﬂﬂlﬂgi?uﬂﬂﬂ?ﬁﬂW%ﬂﬁﬁﬂi%ﬁﬂ'ﬁﬂWW fnﬁ{ﬂﬂ33UUmuaﬂuﬂa“ﬁu‘ﬁﬂ'ﬂaﬂlmgiﬂﬂiﬂ



Abstract

The study design was a panel study in asthmatic patients to investigate the associations
between the ambient air pollutants and lung capacity (Peak Expiratory Flow Rate-PEFR), signs and
symptoms, including the evaluation of economic losses due to illness of these patients, who lived in
Muang district and perimeter of Chiang Mai totally 152 patients and that of Lamphun totally 56
patients. The study period was around 1 year. The instruments of data collections were a log book for
daily air quality records of fine PM less than 10 microns in size (PM,), ultra fine PM less than 2.5
microns in size (PM, ), carbon monoxide (CO), ozone (O,), nitrogen dioxide (NO,), and sulphur
dioxide (SO,); and a log book for daily meteorological records, i.e., pressure, temperature, relative
humidity, rain quantity, and sunlight. The data collection in patients was conducted using a log book
consisting of personal profile, daily PEFR, and asthmatic symptoms.

Our findings show that in Chiang Mai, considering PM, it was found to be related to PEFR
at lag 2. This association was also found when analyzing for dry season period (1" December to 31"
March) and considering the average cumulative daily PEFR (centered moving average, span 3), but
for the later it was related to PM, ; at lag 0. It implies that the changes of PM, . level influence the
lung capacity 2 days later or it takes effects on the same day when considering the average cumulative

daily PEFR (centered moving average, span 3). For PM, , it was found associated with PEFR in

100
patients categorized as mild group (level 1: intermittent, and level 2: mild persistent) at lag 0. For
other pollutants, this study revealed that CO (lag 6) was associated with PEFR in both young and
adult patients. When considering the entire group, both PM, , and CO were related to PEFR denoting
that both pollutants synergistically affect the PEFR in asthmatic patients.

In Lamphun there was no association between PEFR and PM regardless considering any sub-
group (severity of asthma) or any season (dry or wet), but there was with personal characteristics such
as height, weight and meteorological data such as relative humidity, temperature, sunlight. This might
be the fact that the PM levels were not high enough to make change the PEFR, or the air quality data
collected from only 1-2 stations in such a wide area (as the subjects resided dispersively around the
city and perimeter) might not be accurate enough. This finding was the same as most studies
worldwide.

For the asthmatic symptoms both in daytime and nighttime, it was found only that PM,, was

associated with the daytime symptom in Lamphun.



The economic data showed that the average unit cost for asthma treatment per capita per
month was 1,247.45 Baht (14,969.40 Baht/person/year). For the patients in Chiang Mai, it was
1,396.45 Baht (16,757.39 Baht/person/year): and for the patients in Lamphun, it was 628.53 Baht
(7,542.35 Baht/person/year). In case of Chiang Mai results, the unit cost was 3 times higher than that
of general Chiang Mai residents (425 Baht/person/month).

It is recommended that the stringent air quality control measures continue, including
mitigation measures to the sources of pollutants such as improvement of garbage gathering system

and more effective garbage disposal, and mass transportation.
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NI AY, o cda o] ; a AAUIUIU -
PP WNARANBN IR (BLH] (’uga) dsuan3IN Fhidan u1m§§1um 50
pg/m Hg/m” aav PM,,
:f'z‘lka”e“ et PEFR 1211 14 (10, 23) NO, 0 §u -2.71 (-6.57, 1.15)
Gielen et al.*® PEFR 12 30.5 (16, 60) Ozone 13 1.39 (-0.57, 3.35)
Romieu et al. PEFR 121 166.8 (29, 363) Ozone 15u —4.70 (-7.65, —1.70)
Romieu et al.® PEFR 1h (12, 126) Ozone 15y -0.65 (-5.32, 3.97)
Peters et al.”* PEFR 127 47 (29, 73) S0z ;‘i'fate' 1%u | -0.84 (-1.62, ~0.06)
22
Peters et al. PEFR 121 55 (2, 71) S0 ;‘i'fate' 1% | -1.30 (-2.36, ~0.24)
Gielen et al.'® PEFR 121 30.5 (16, 60) Ozone 2 5u 0.34 (-1.78, 2.46)
Romieu et al.> PEFR 121 166.8 (29, 363) Ozone 2 5u —4.90 (—8.40, —1.50)
Romieu et al.® PEFR w1h (12, 126) Ozone 2 5u 2.47 (-1.75, 6.75)
Gielen et al.*® PEFR Lfiu 30.5 (16, 60) Ozone 0 ju -0.30 (-2.24, 1.64)
Romieu et al.? PEFR \fiu 166.8 (29, 363) Ozone 0 5u -4.80 (-8.00, —1.70)
Romieu et al.®° PEFR \fiu (12, 126) Ozone 0 ju -1.32 (-6.82, 4.17)
zf'z‘lka”e" et PEFR ifiu 14 (10, 23) NO, 0 §u -0.35 (-4.31, 3.61)
25
Peters et al. PEFR Lfiu 112 SOZ'PSS”/'\fate' 0%u | -1.03 (~1.98, -0.08)
24
Peters et al. PEFR Lffu 47 (29, 73) S0 ;‘i'fate' 0%y | —0.92 (-1.96, 0.12)
22
Peters et al. PEFR 1fiu 55 (2, 71) S0z ;‘i'fate' 0 fu ~0.37 (~1.82, 1.08)
Timonen &
Pekkanen?®® PEFR \fiu 18 (?, 60) NO,, SO, 0 fu -1.10 (-5.20, 3.00)
Urban
e PEFR 1fiu 13 (2, 37) NO,, SO, 0% | —1.66(-8.26, 4.94)
Gielen et al.'® PEFR 1fiu 30.5 (16, 60) Ozone 2 5u -2.32 (-5.36, 0.72)
Romieu et al.” PEFR \fiu 166.8 (29, 363) Ozone 2 5u -3.65 (-7.20, 0.03)
Romieu et al.® PEFR \fiu (12, 126) Ozone 2 5u -0.04 (—4.29, 4.21)
Segala et al.” PEFR 12 34.2 (9, 95) S0,, NO, 2 5u -0.62 (-1.52, 0.28)
:f'z‘lka”e“ et PEFR ifiu 14 (10, 23) NO, 2 5u 0.14 (-6.97, 7.25)
Peters et al.22 PEFR (fiu 55 (2, 71) S0 ;‘i'fate' 2 3u ~2.31 (-4.53, -0.10)
Timonen &
Pekkanen?®® PEFR wfiu 18 (?, 60) NO,, SO, 2% -1.13 (—4.75, 2.52)
Urban
llenQI?:r?Qn?G PEFR 1fiu 13 (2, 37) NO,, SO, 2 fu 0.38 (-6.37, 7.13)
Peters et al.” PEFR 1fiu 112 SOZ'PS;SL‘Afate' 59u | -1.12 (-2.13,-0.10)
Peters et al.”* PEFR 1fiu 47(29,73) | O ;‘i'fate' 1-5%u | -1.34 (-2.83, 0.15)
Timonen &
Pekkanen?® PEFR ifiu 18 (2, 60) NO,, SO, 1-4 Ju -0.73 (-7.90, 6.44)
Urban
;;”Qli’;‘rfgnﬁ PEFR (fiu 13 (2, 37) NO,, SO, 1-4 3y ‘4'1f2(_;§§"94'
Hllztsermann et PEFR LQE;]EIL‘]J’] 39.7 (16, 98) Ozone, NO,, 1 %u —0.90 (~3.84, 2.04)
al. uagLiiu SO,
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Hiltermann et

PEFR ta&awh

Ozone, NO,,

al.28 uamﬁlu 39.7 (16, 98) 50, 2 7u -0.50 (4.22, 3.22)
Hllztsermann et PEFR LQE;]EIL‘]]'] 39.7 (16, 98) Ozone, NO,, 1-7 54 2.20 (~10.43, 6.03)
al. uavLiy SO,

Vedal et al.? PEFE@‘;?QE""’I“ 19.1 (1, 159) hig 14 % | —1.35(-2.70, —.05)
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Peters et al.22 PEFR 1211 50.8 (9, 347) | 0% ;‘i'fate' 1 5u -0.71 (-1.30, 0.12)
Romieu et al.? PEFR 12 85.7 (23, 177) Ozone 2 u -3.68 (-9.37, 2.00)
Peters et al.” PEFR 12 50.8 (9,347) | O ;‘i'fate' 1-5%u | -1.19 (-1.18, 0.57)
Romieu et al.? PEFR 1fiu 85.7 (23, 177) Ozone 0 Ju -4.27 (-7.12, -0.85)
Peters et al.22 PEFR (fiu 50.8 (9,347) | SO ;Li'fate' 0 $u -0.75 (~1.66, 0.17)
Romieu et al.? PEFR ifiu 85.7 (23, 177) Ozone 2 3u —-2.55 (-7.84, 2.740
Peters et al.2 PEFR ifiu 50.8(9,347) | O ;‘i'fate' 1-5%u | -1.79 (-2.64, -0.95)
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fe v = szauaunIaiu . . Wanianleusu
Juidaards, v o I o Fuuiu o
P . WNRANBNIA 1waa (2029) A1suaiiesIn 44 uas51uN 50
SiNUY 3 Adan 3
Hg/m Hg/m’ a9y PMy,
Vedal et al.?® Odds Ratio | 4q 4 (4 150 Lid 0 %u 1.40 (1.04, 1.88)
2ada1nsla
Gielen et al.!® Odds Ratio 30.5 (16, 60) Ozone 0 $u 2.19 (0.77, 6.20)
Aavannsla
Hiltermann et Odds Ratio Ozone, NO,, .
2128 ammnmla 39.7 (16, 98) 56, 0 $u 0.93 (0.83, 1.04)
Peters et al.2 Odds Ratio 55 (2, 71) S0y, sulfate, 0 ¥u 1.32 (1.16, 1.50)
Aavannsla H
Peters et al,7 | 0dds Ratio 47(29,73) | SOu sulfate, 0 %u 1.01 (0.97, 1.07)
2a9a1n15'la H
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Odds Ratio

Romieu et al.?° (12, 126) Ozone 0 u 1.21 (1.10, 1.33)
2adainsla
Romieu et a2 | OddsRatio | 000 99, 363) Ozone 0 %u 1.27 (1.16, 1.42)
2avannsla
Vedal et al.? OddsRatio | 1q 4 (1 150 Lif 2 $u 1.40 (1.13, 1.73)
Aavannsla
Gielenetale | QddsRatio 1 3,5 16 60y Ozone 2 %u 2.19 (0.47, 10.24)
Aavainsla
Odds Ratio (values not given
Segala et al.” aagannsla 34.2 (9, 95) S0,, NO, 2 Ju because not
AaUNRIAY significant)
. Odds Ratio (values not given
§|e3%k|rch et aavannsla 34.2 (9, 95) SO,, NO, 37u because not
) AAUNRIAY significant)
Romieu et a2 | OddsRatio |00 g 09 363) Ozone 2 3u 1.27 (1.07, 1.50)
Aavainsla
Romieu et al.20 | ©dds Ratio (12, 126) Ozone 2 %u 1.00 (0.92, 1.10)
2avannsla
31 Odds Ratio 47 (11, 119)
Ostro et al. aaannisla 24 7m0 Ozone, NO, 37u 1.32 (1.12, 1.55)
Hiltermann et Odds Ratio Ozone, NO,, o
31,25 I 39.7 (16, 98) 50, 1-7 $u 0.94 (0.82, 1.08)
Peters et al.22 Odds Ratio 55 (2, 71) SOy sulfate, | 4 g5 1.30 (1.09, 1.55)
2adannsla H
Peters et al.” Odds Ratio 47 (29, 73) SOy sulfate, | 4 g 5, 1.10 (1.04, 1.17)
Aavainsla H
a Odds Ratio 102 (47, 360) .
Ostro et al. wavannsla 1 fTaagoan ozone, NO, 37 1.05 (1.02, 1.18)

%

Mm519hl 4 saasddeianmeimsiaungludiheveutianemsiiaduves PM,, 50 pg/m’

v szduaun1aiu . . wanianlausu
NIUYREATIAY, I Y | A - AAUIUIU e}
St WAAWENIR way (219) asuaniusm | 4 oa uIns5I1UN 50
pg/m? pg/m® aas PMyg

Vedal et al.2? OddsRatio | 194 (1 159) i 0 %u 1.28 (0.86, 1.89)
AINTULIUNNS

Peters et al.” Odds Ratio 47 (29, 73) SOy sulfate, 0 %u 1.13 (1.04, 1.23)
ADINTNLRUUE H

Romieu et a0 | Odds Ratio (12, 126) Ozone 0 ¥u 1.05 (0.83, 1.36)
AINTULIUNY

Romieu et a2 | OddsRatio | 000 ng 363) Ozone 0 ¥u 1.21 (1.00, 1.48)
AINTULRUNY

Vedal et al.? Odds Ratio 19.1 (1, 159) i 2 $u 1.40 (1.03, 1.90)
AIATULRUWNY

Romieu et 1,20 | Odds Ratio (12, 126) Ozone 2 3u 1.00 (0.86, 1.16)
AINTULINNY

Romieu et a2 | OddsRatio |00 g ng 363) Ozone 2 %u 1.16 (0.91, 1.49)
AINATULRUWNY

Peters et al.”” Odds Ratio 47 (29, 73) SOy sulfate, | 4 g5 1.17 (1.09, 1.27)
AINTNLRNNE H

U

d‘ a d‘d a ! J Al A A\l
A1319N S HAA9IH smﬁn‘y191nﬁmaaﬁ:mJ°n1emuma‘lamume‘luﬁgﬂmmmmmmﬁ

(NAIUYDI PM,, 50 pg/m’

fe v szauaunIaiu . . wanianleulsu
VuIduaneay, o i o) ; L MUY o
. . WadNsNIa w@aau (229) ASUANHSIU 44 055 un 50
GILKUY 3 Nnidau 3
Hg/m Hg/m” aav PM,,
ANUNARUNG (o .
Vedal et al.® - 19.1 (1,1 it Ju 1.10 (0.82, 1.4
dal et a BBV 9.1 (1, 159) 0 0(0.82, 1.48)
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walagiuai

Gielen et al.'?

ANMNAnUAG
AINILAU
walagiuany

30.5 (16, 60)

Ozone

1.26 (0.94, 1.68)

Romieu et al.?°

ANUAALAG
AINILAU
mwalagiuany

(12, 126)

Ozone

1.00 (0.95, 1.05)

Romieu et al.”

ANUARLAG
AINILAU
walagiuany

166.8 (29, 363)

Ozone

1.21 (1.10, 1.42)

Vedal et al.?®

ANUAAUAG
AINIILAU
malagiuaie

19.1 (1, 159)

aidi

1.16 (1.00, 1.34)

Gielen et al.'®

ANUAAUAG
ADINIILAU
malagiuaie

30.5 (16, 60)

Ozone

1.05 (0.74, 1.48)

Segala et al.”’

ANNAnUAG
AINILAU
walagiuany

34.2 (9, 95)

S0O,, NO,

1.66 (0.84, 3.30)

Romieu et al.?°

ANNARUNG
AINILAU
walagiuany

(12, 126)

Ozone

1.00 (0.93, 1.08)

Romieu et al.”

ANUAAUAG
AINILAU
walagiuany

166.8 (29, 363)

Ozone

1.10 (0.98, 1.24)

Delfino et al.*

ANUAAUAG
AINIILAU
walagiuan

24 h 26 (6, 51)

Ozone

1.47 (0.90 — 2.39)

8-h 43 (23-73)

Ozone

2.17 (1.33 - 3.58)

1-h 57 (30—
108)

Ozone

1.78 (1.25 - 2.53)

U

= Aw A v Y Ay A &
719199 6 UAAINHI Sl"ﬂﬂﬂ‘lsl1ﬂTﬂ‘UEI1éllﬂ1ﬂﬁai’)ﬂaﬂdcl1«!§jlhﬂﬁi’)ﬂ‘ﬂﬂﬂi’)ﬂ]‘i!‘WN“Uu‘Ui’N PM,, 50

3
pg/m
Y ' o A o 1o
fe v = szauaunIaiu . . Wanianleusu
Nuidaatede, o cde i o Uiy .
. . HAANEIR waw (2029) A1TUANHSIN a4 a U155 I1U 50
sinunie 3 day 3
pg/m Hg/m’ a9y PMy,
Odds Ratio
Gielen et al.*® 2adnslzden 30.5 (16, 60) Ozone 0 ju 0.94 (0.59, 1.50)
AN EVRAARN
. Odds Ratio
;’I"Ztgerma”” et | gaemstan | 39.7 (16, 98) 0202% NO., 0 %u 1,03 (0.93, 1.15)
' AN EVRAARN 2
Odds Ratio S0,, sulfate
Peters et al.'” aasnslden 47 (29, 73) 2 P 0 u 1.06 (0.88, 1.27)
AN EVRANAN
Odds Ratio
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Romieu et al.?®

Odds Ratio

85.7 (23, 177)
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1.27 (1.08, 1.42)

2a9a1N1s'la
T||’§t6anen et Odds Ratio 15 (3, 55) NO,, SO,, CO, 0 $u 1.04 (0.86, 1.20)
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Romieu et a2 | OddsRatio | a0 5 53 57y Ozone 2 %u 1.16 (0.98, 1.33)
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AuIUnaN6IaLiny (N = 208 au)
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sy | sawaz | swu | sawar
ANUFUUSY
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Mild persistent 60 39.5 21 37.5
Moderate persistent 53 34.9 26 46.4
Severe persistent 7 4.6 1 1.8
afrvarurviluavnisitluisariauiin

0-10 1 74 48.7 25 44.6
11-20 1l 38 25.0 16 28.6
21-30 1l 13 8.6 8 14.3
31401 11 7.2 54
41-50 1l 4 2.6 1 1.8
51-60 1 6 3.9 2 3.6
61-70 1 5 3.3 1 1.8
71-80 1l 1 0.7 0 0.0
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0-100 1 0.7 0 0.0
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A%Iag 2 puff 17 — Ly 3 2.0 3 5.4
A%eay 1 puff Aauuauy 1 0.7 0 0.0
a%oay 1 ifin nauuau 25 16.4 14 25.0
as9as 1 uia 12h — fu 10 6.6 7 12.5
afvay 1 uin 120 — nanvtu — Liu-— Aauuau 0 0.0 1 1.8
A%oay 1/2 im 12h — fu 9 5.9 1 1.8
136l 94 61.8 27 48.2
dayalusguysal 1 0.7 0 0.0
1S nenTsallulsyinaiiani 3
gndinafiauenavaanau 13 8.6 0 0.0
efiaudasudsanfiu 1 0.7 0 0.0
ENWUNRUALALTALGLRSEN UL LURDAAN 0 0.0 1 1.8
ENWUBLAULNLNRDARN 0 0.0 1 1.8
136 el 138 90.8 54 96.4
Aaunaennldsnuisadludssiruiian 3
asvay 1 uie Aauuau 8 5.3 0 0.0
A%aag 1 puff 17 — Ly 0 0.0 1 1.8
aseay 1 uia 12h — Lfiu 4 2.6 0 0.0
A%oay 1/2 in 12h — fu 2 1.3 0 0.0
asvay 1 ufia Aauuay 0 0.0 1 1.8
136 laf 138 90.8 54 96.4
g ldSne1sadluilsyinaiian 4
gndinafiauanavaanau 1 0.7 0 0.0
edianiasudsanfiu 1 0.7 0 0.0
136l 150 98.7 56 100.0
Aauraennldsnuisadlulsriruiian 4
asvay 1 uia Aauuau 2 1.3 0 0.0
Tai'leilaf 150 98.7 56 100.0
g1l dlasiannsuiien 1
ENNWULUAUENLNRDARN 90 59.2 46 82.1
gdinafiaumanaanay 18 11.8 2 3.6
gMinAiauENaNaanaN 3 2.0 0 0.0
136l 41 27.0 8 14.3
auraunlddiadain1suiian 1
As9ay 1 puff Wafians 85 55.9 37 66.1
A%aag 2 puff fafiains 17 11.2 10 17.9
A39ay 4 puff Wafians 1 0.7 0 0.0
as9ay 1/2 uia afiannis 2 1.3 1 1.8
asas 1 uie Wiafiaans 2 1.3 0 0.0
as9ay 1/2 dauw iafiaans 1 0.7 0 0.0
asvay 1 dauwn dafiaans 3 2.0 0 0.0
Tai'leilal 41 27.0 8 14.3
gl iflasiannisuiiai 2
gndinafiauaavaanay 6 3.9 1 1.8
e UfinuEENRAAN 2 1.3 0 0.0
136 el 144 94.7 55 98.2
auraenildgiadann1sdiian 2
asay 1 ie Wiafiaans 3 2.0 1 1.8
as9ay 1/2 uia afiannis 3 2.0 0 0.0
asvay 1 dauwn lafiains 2 1.3 0 0.0
136 lal 144 94.7 55 98.2
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NINYIAY 2548 B9 31 NOUAIAN 2549 (57 334 Tu) Tanwasudruauysaiduanluaisei 10

1 o ' ] ] a g o [ [ 9 {
WUNTZAY PM,, d3U11008 11529 0-50 pg/m’ Antludnuiune 261 11 (Fovaz 78.1) (13190

11) dmfuszan PM,, dumneglusg 0-50 pg/m’ Aadluiauiude 205 Ju (Fevaz 61.4) (g

A1 19N 12)

H o d Ly Y v
M3190 10 HAAI3IHIULAZTOHAZVDINNINANYSUVBINSTUNNAT Particulate matterly 33% 30

o \l

AMNPHITTIIN 2 NINYIAN 2548-31 NN AN 2549

%i'\mu"iuﬁ"m;m’im (N :;‘gz 5)

(N = 334 3u) GEUTET sauay ‘Liguysai sauay
PM, 5 332 99.4 2 0.6
PM;, 333 99.7 1 0.3

M39N 11 HaaetayarIveIszal PM,, 18TUTINIASINUIZHING 2 NsngIan 2548-31

NeENINN 2549

aua.uunane o e e d
S Ja'lnuA awgu Wway
szinn (N = 334 $u) (N = 334 ju) (N = 334 ju)
Fu | dauay Fu | sauar Fu | sauar

yeus1aiu PM, s (ug/m3)
0-50 251 75.1 230 68.9 261 78.1
50.01-100 46 13.8 78 23.4 68 20.4
100.01-150 2 0.6 8 2.4 2 0.6
150.01-200 0 0.0 1 0.3 1 0.3
dayaliguysal 35 10.5 17 5.1 2 0.6
ANRa + HHuLdaeiuuuIassIu 30.08 + 21.33 36.83 + 24.89 33.14 + 22.58
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NHENINN 2549

aun.dunag o W v o J
S Ja'lnunn awgu Wway
Uszinn (N = 334 $u) (N = 334 ju) (N = 334 ju)
Fuu | dauay Fuu | sauar Fuwnu | sauar

viius1a3u PMyo (ug/m?3)
0-50 198 59.3 190 56.9 205 61.4
50.01-100 89 26.6 114 34.1 108 32.3
100.01-150 11 3.3 23 6.9 19 5.7
150.01-200 1 0.3 2 0.6 1 0.3
dayaliguysal 35 10.5 1 0.3 1 0.3
ARl + dHuldaiuuNIns5 U 43.20 + 26.10 51.33 + 30.29 47.79 + 27.94
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PM, s 276 90.2 30 9.8
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INeNdy 9 IAFLIN MU 521319 29 TN 2548-30 MY 2549

13915 UL NI BWINLNA Y
szian (N = 306 ju)
U | sauaz
szeiu PM, s 57a¥u (ug/m?)

0-50 203 66.3
50.01-100 55 18.0
100.01-150 14 4.6
150.01-200 3 1.0
200.01-250 1 0.3
dayalisguysal 30 9.8

ARl + dHuldaiuuNInssIu 43.75 + 31.03

M9 15 uaaatoyarIsvesszay PM,, 518U faoiinsiaianumueimalsuseugnsy

INeNdy 9 Il 521319 29 TN 2548-30 AU 2549

T augns 1A INeNA el
dszian (N = 306 ju)
FUU | sauay
szeiu PMyo 57a13u (ug/m?)

0-50 160 52.3
50.01-100 113 36.9
100.01-150 23 7.5
150.01-200 5 1.6
200.01-250 2 0.7
dayalusguysal 3 1.0

ARdn + si’amﬁmmummig’m 58.07 + 32.76
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[ v A 1T a d o 9 ] ] a = [ o
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o a

<3| o Y
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2548-31 AINHIAN 2549

AuIUnFu6IaLing (N = 208 au)

v e al anu
(N =152 au) (N =56 au)

I | sawar | swu | Sauar

a1 peak flow 1adusieiu (das/u1ii)

0-100 0 0.0 1 1.8
100.01-200 20 13.2 5 8.9
200.01.300 51 33.6 25 44.6
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300.01-400 48 31.6 18 32.1
400.01-500 27 17.8 5 32.1
500.01-600 5 3.3 2 3.6
600.01-700 1 0.7 0 0.0
Aads + SHuldaviuuunassiu (das/uiii) 316.46 + 98.42 290.57 + 87.80
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