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ABSTRACT

Objectives: We investigated the effects of air pollution on allergic diseases (allergic rhinitis, asthma, atopic
dermatitis) in metropolitan cities in Korea, adjusting for meteorological factors.

Methods: Data on daily hospital visits and hospital admissions for 2003-2010 was obtained from the National
Health Insurance Cooperation. Meteorological data was obtained from the Korea Meteorological Administration.
We then calculated daily mean temperature, daily mean humidity, daily mean air pressure at sea level, and
diurnal temperature range. We used data on air pollution provided by the National Institute of Environmental
Research. Maximum daily eight-hour average ozone concentrations and the daily mean PM,, were used. We
estimated excess risk and 95% confidence interval for the increasing interquatile range (IQR) of each air
pollutant using Generalized Additive Models (GAM) that appropriate for time series analysis.

Results: In this study, we observed an association between ozone and hospital visits for allergic rhinitis, asthma,
and atopic dermatitis in all metropolitan cities, adjusting for temperature, humidity, air pressure at sea level, diurnal
temperature range, and day of the week. Ozone was associated with hospital visits for allergic rhinitis, asthma, and
atopic dermatitis across all metropolitan cities. However PM,, was associated with allergic-related diseases in only
select cities. Also, ozone and PM,, were associated with hospital admission for asthma in all cities except
Gwangju. Hospitalization for the other diseases failed to show consistent association with air pollutants.

Conclusion: In the findings of this study, there was a significant association between air pollutants and allergic-
related diseases. More detailed research subdivided age group or conducting meta-analyses combining data of
all cities is required.

Keywords: PM,,, Os, allergic diseases, hospital admission, hospital visit
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Fig. 1. A complex models of climate change and allergic-
related diseases.
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Table 1. The effect of air pollution on hospital visits for allergic diseases

Cities Diseases O; (Estimate %, 95% CI) PM,, (Estimate %, 95% CI)
Allergic rhinitis 5.26 4.67, 5.85 -0.32 -0.65, 0.00
Seoul Asthma 2.15 1.46, 2.85 -0.63 -1.02, -0.25
Atopy dermatitis 0.77 0.56, 0.99 -0.03 -0.16, 0.10
Allergic rhinitis 3.04 2.03, 4.05 1.1 0.50, 1.70
Busan Asthma 2.35 1.29, 343 1.52 0.89, 2.16
Atopy dermatitis 1.86 1.44, 2.27 1.32 1.04, 1.59
Allergic rhinitis 6.74 5.51, 8.00 1.03 041, 1.65
Daegu Asthma 3.03 1.79, 4.29 1.83 1.18, 2.48
Atopy dermatitis 2.70 2.19, 3.21 1.36 1.07, 1.66
Allergic rhinitis 4.10 3.19, 5.02 -0.53 -1.09, 0.02
Incheon Asthma 3.04 1.92, 4.18 -0.64 -1.31, 0.05
Atopy dermatitis 0.42 0.06, 0.79 0.06 -0.18, 0.29
Allergic rhinitis 8.65 6.99, 10.33 -0.61 -1.45, 0.24
Gwangju Asthma 6.02 432, 7.74 2.55 1.88, 3.22
Atopy dermatitis 3.08 2.47, 3.69 0.59 0.23, 0.95
Allergic rhinitis 6.65 5.05, 8.29 -0.06 -0.91, 0.81
Daejeon Asthma 4.73 2.83, 6.66 0.6 -0.33, 1.54
Atopy dermatitis 2.26 1.69, 2.83 0.1 -0.23, 0.43
Allergic rhinitis 457 348, 5.68 -0.05 -0.85, 0.76
Ulsan Asthma 3.26 1.96, 4.58 0.56 -031, 1.43
Atopy dermatitis 1.56 1.17, 1.96 0.1 -0.21, 0.41

Table 2. The effect of air pollution on hospitalizations for allergic diseases

Cities Diseases O; (Estimate %, 95% CI) PM,, (Estimate %, 95% CI)
Allergic rhinitis 1.62 -4.70, 8.35 231 -1.29, 6.04
Seoul Asthma 3.65 1.80, 5.54 2.77 1.93, 3.60
Atopy dermatitis 0.53 -8.51, 10.47 -0.14 -5.87, 5.94
Allergic rhinitis 7.11 -1.04, 15.93 3.68 -0.65, 8.19
Busan Asthma 6.75 452, 9.02 3.14 2.04, 4.25
Atopy dermatitis 3.87 -5.04, 13.63 3.65 -0.61, 8.10
Allergic rhinitis 9.15 -5.03, 2545 5.95 1.59, 10.50
Daegu Asthma 5.13 1.78, 8.59 1.64 0.10, 3.19
Atopy dermatitis 19.95 -7.39, 55.35 9.06 1.72, 16.93
Allergic rhinitis 1.01 -6.94, 9.65 341 -1.23, 8.26
Incheon Asthma 5.36 2.66, 8.12 1.90 0.37, 3.45
Atopy dermatitis -4.03 -17.85, 12.12 10.27 2.70, 18.40
Allergic rhinitis 6.50 -2.62, 16.48 -1.73 -7.59, 4.50
Gwangju Asthma 3.64 -0.08, 7.49 -0.30 -1.90, 1.34
Atopy dermatitis 0.39 -0.50, 1.29 -1.07 =791, 6.29
Allergic rhinitis 2.78 -11.95, 19.98 10.78 3.85, 18.17
Dagjeon Asthma 8.88 3.82, 14.18 4.15 1.55, 6.81
Atopy dermatitis 9.57 -14.31, 40.12 8.93 -1.42, 20.37
Allergic rhinitis 1.92 -8.45, 13.47 10.04 3.59, 16.88
Ulsan Asthma 6.08 2.64, 9.64 3.87 1.44, 6.35
Atopy dermatitis 6.55 -10.16, 26.37 8.32 -1.33, 1891

http://www.kseh.org/ J Environ Health Sci 2012: 38(3): 184-194



v.on &

2 AP e A 2 et FAARGefA e o
71940 LY =72 g) HXE G thale]
Atk A7 A, B PRl E BE A9
oA QFEo] L2714 vY, H4, oET TR
T3 JFL vHE Aow vehtony nAwX|
£ QR Aol MRt folslA Vreltt Byl
He FFE AT ol AeolM 23 vAEA|
7h Aoz gk WAYel fol JFS vAE

Y o

L g so 1 0B Mo

rd

e ox

Al
aﬂéﬂﬁfﬁlw}ﬂ}tﬁﬂ Aol 219 4
z o

= gl s v

0o o g e
BT

il

N

1

o

=2

o F

lr‘

N
2
o 12
re
-
i
1o
)
2
rr
plad
)
el
off
e
Jo
e
i)

3ol
Faw EgM Ael @A o=l dst
£ A02 HuEy gtk & dre 4
Hlgoz slo] FAE A7EA Ao %
FE AL Alnd FFo} Farzgel A

& ek 22 ek 20

o= /\}L LE}.

AFesle s Z1 g Al
e zeshe 2 W ohlet tyl & ek
Jote WslAA t)7leg 249 sekd wale
oA B EE oFe AU B4

il
<]
o]
=
o}
o}
N7 Aow A glom oF Ero =
il
<3
o
&
=
T

L’

olo

7he Aoz A FFd WS STPIRITE
FAFNE BRI YTERD 7|1E A3l =
ofsHERE oz, wl=ell A AFE e A
Aol gl ol#lolE o 3 FFE Aoa

pul

J Environ Health Sci 2012: 38(3): 184-194

EERI} R Agn

o e Aol A4

A S e
7} g u}o] BRSit s A7 43w QT Sk 9
Fo] =ZF3& A, FVC(Forced Vital Capacity) 3

FEVI(Forced Expiratory Volume in 1 sec)®] 4%
w 7|=HRIAY F7hel B Eo] Utk Pénard-
Morand C.¢] Z&2 1087 ShlZ5E 9-114] 6,672
ol SMAES Uiz It Ly =Eqd o
SPT(skin pick test), EIB(exercise-induced bronchial
reactivity), == I F-H 2| 3§ Le] Aol t)7|
LA FIFgS AHE A 2T wEo] 52 A
Aoxe thE AHo| Bl EIB, °LH]E7VE@, ok
Ede] fHEe] O 12 AoE Ui, uA
WA 9] 9 =Fo| E2 A YA EIBet & 271
A3gte] %33%01 =9kom, olksiste] 79~ EIBY]
&0l =2 Zo® Yeignt® & A7 A3 o
Al Ay ﬂ:r”éﬁrg} PRI R A 2ol A
Tk A2 2 G E7|HE ] o] 2Fo] Folgt
S mx= Zo® Yelgth vAHAR <ls A
7@l tigk Agdre vdsiAl FEoIA g
t}. Gaudeman £]¢] 7o) W=W PM,s, dioxide
o 71990 52 TR =29 ofdol= #H 9
webo] foatA #adte ZoZ YEHTh?
Schwartz 2]8] A= 654 o]5) thdRlofA] =
@] PM0ll tigt =Zo] 2o 2 g W] ¢
el ol dBde] e A= YepTE? U]
AR Y] FEZ7PE A2 AT & ¢

o
T
o
HH‘
}i
(o3

GAT AATANA 2 TS AT B
& 3715 Aok ARAE B4R okt o
£ guz/)dsnE dugel i oz § o
FoAE RIFI JTED # AT E AgEE
Aol AHolE RHOU VANATE HHOE 1%
B PR GUIM FOIE 9P VAL Zo
2 UERTE Table 32 ti7] %ol de=71d8
o vIAE Gl h B AFAz) e 8o
40]1-;]_16“)3334) Oﬂ?—ﬁ‘»]'——‘% }\EI-TJ‘% % %_ OL:]_?__Q]
R e M ES DR EREER
Fel8 GFL A At T FAOR fol3

2 gugte k] FAS Jepa ot o33 o
T AHEL viEre 2 sle] 7)TwsiE Ql

Yol dH27]|H S| mR|= ol gk B} 1A
Ao|aL AAAR] AT, F JHJAEH] e =
A8 g s, FA%E 7Y e T T

http://www.kseh.org/



- O|ZEY

Z]

180
Ok
ol

- 5{zlof - gt

Al

__o..._

~

191

AdOD Ul SISBAIDUL 94 ¢-7 YIM POJRIOOSSE
219M QD PUE {ON JO SOSBAIOUl UONBIASD pIepue)s -
usIA euownaud ul 9seaIOUl 94¢ B UM
g -
PAJBIDOSSE SeM U0QIRD O1URSIO YA JO dseatout w/3nl ¢

BIuownNAUJ
‘(suonogyur Aroyenidsar 1oddn)

JISIA Y] Ul SOSBAIOUI 9%¢-] UMM PJRIOOSSE dIom RN “(rsia oseasip Areuownd 0§ ‘0D ®|uepy ul siendsoy [€ wolj SIA ¥€)
A PUB ‘0D CON O JO SOseaIoul UONBIASP PIBPUE)S -  SANONISAO UOIYD) JdOD ‘Bwylst TON O ONd  uountedop AoudSIowd uoliw v J2 [99d
‘MdS Ul BWezI9
QIOAS PUB BWIEZID [BINXJ[} “BWAZOd YIN0od swinysiu
pue ‘yod pue M\ JS Ul BWISE AIOAIS VS pPuUe VdS ¢ oseyd
ur SUIZOoYM JULIND S YSIY B Y)IM PJRIDOOSSE Sem CON| - (OVVSI) pooypiiy) ul SISy
o) BUIOZOJ pue BWYISY JO ApmiS [eUONRUIdUL
ul SIUILY JO S YSIY B [HIM PIBIOOSSE d1oM QD) PUB £ - QIOASS ‘BUIDZID [BINXJ[) ‘BWAZOD (vod) 21391y 0u0d pue
‘A\dS Ul BUIBZOQ [RINXJ[J PUB ‘BUWIIZO ‘SPIANOUN[UOOOUIYT  ‘SIHUIYI QIOASS ‘SHIAIoUN[uUooouIy ‘(4D) eqnun) “(VS) 9ipuy ojues
Jo ¥t Y31y B (Im PIeIoosse alam QD Pue O - ‘reak Jse[ oy) ur SHIuIy ‘(Sds) wnos ojned ogs (MdS)
VS pue MdS UY3nod owmy3Iu ‘ewyIse dI9AS JSOM O[ned oeS woiy (SIA 4] (€¢)
ur 3uUIZadym JUALIND JO NSLI JuedIuSIs a1 Q) pue O - ‘Gurzooym juound : swoydwiAs - 0 TON ‘0D  -€1) swuQosqjope uelizerg 60791 v 12 9[0S
swojdwAs jo payodar ejuored
BUWIOZOY PIM PIJBIOOSSE SBM QN BUIOZOY/IISION[E 10A9) Ady ‘euryse S1K 9 e URIp[IYd 190°C (61)
udqjod 03 uoneznuss JISIS[[e pue IdAJ A3y ‘SHIYOUOIq ‘SpIYouOIq aAndNysqoonseds  TON ‘9dueqlosqe SIK ¢ 18 ULIp[IYd (98T o 12
OIBWIYISE M PIJBIOOSSE 2I0M 90UBGIOSqE SYNJ Jonewyise pasougerp-uerdisAyd SN “YNd AuewIon ul 1I0yod YMIq  UISISUSLON
(‘os
'Ad) 1ony [1ssof
(f0 “ON ‘00) swenjod eouoeaard spuryr (|0 “ON ‘0D) (81
Je PJR[AI-O1JRN YIM AUO PJR[ALIOd SHIUIYL JI1SId[[e  OISI9[R pauluLlop-alreuuonsanb pAje[aI-oIgen) UBMIB], ‘UIPIIYD SIAL-T] €/8CIE P 12 3]
Ausudul oujen pajodar (snruryx
-J19S ynm AJuo pjeroosse sem euwuyise Jo oouoeadld - ‘ewyise ‘ewosAydwd 10 SHIYoUOIq ON ‘INd
SOIUIYT UM PJBIooSse J1uoJyo) yyeay Aloyedsal uonnjod SJUOpISaI (L1

QIoM UOISSIWR JA|J JO S9[IIend) pue {QN pojewnss -

pauruLjep-aareuuonsanb

Ie paje[aI-ongen w0y sHnpe SILGS-ST 8816

‘[P 1o TUOIESA)

yser

AUojl JO ‘BUIDZO PISOUTBIP-I0JO0P YIIM UONRIIOSSE OU -
QI JO SIBAIK 7 ISIy Ay ul (Jueoiyrugis

-Uuou) ‘BWYISE PUB ZOJYM JO IIUSPIOUI PAsLIdU] -
suondayul A1ojendsar pue ewyise 3uizeaym pue syueinjjod

I Paje[aI-OlJel} Uddm)dq UONBIoosse dANISod [BIOASS -

BUWIOZOD PUB ‘BZUSN[JUI ‘SHIYOUOIQ
‘eunyise pasougerp-ueroisAyd -

YSel Urys ‘Suonodjur

(LN‘9) 1e01y) pue ‘@sou ‘Ied

Y3noo swmy3iu AIp ‘uizosym
pauruIiop-aeuuonsanb -

(b00s TON “INd)
Jigen
woy uonnjod Jre

(81K Z-0) syuegur 000y
SpUBISYIAN UI 1I0Y0d [IIq

(1))

v Jo Janelyq

Ssynsoy

awoNNO YyedH

samsodxyq sonsuoRIRy) ApniS

Q0UQIRY

saseasIp d1319[[e ul ainsodxa uonnjjod Jie jo joedwr ur sapm§ ¢ IqeL

http://www.kseh.org/

38(3): 000-000

J Environ Health Sci 2012



192 Z=A| - 5ot - 2=E - O|5H

og

AR =F-H-g H77} o]Fo] Aof & AoR AL
gdd
715¥stE 913 tr) L] Wale sl 2o

NS 7171 WA AL th7] 5 EA ke thaEA]l
29 X7 FEAZE WA AL 27
Hla71 ko] Eojun, b f de 228k
WY e ofsts 2T ke trled=
de YErIdSs dodled HE dedes
1= o meEbd 712 8 ke ol dEHE
718%e] WA= FF £ 4 FHolok s £
Aol E 7128 £33 St duat 5o 7%
8218 HAgRlo =T sl A3
E Aol L=
Eo] $2 wste]
El 2008 d7HA1 9] A d
71 &57E Bl dellx WddAee] 27t
Hpgo] S7kshe Ze® YedAR a3t
Qratint? £ A
VL= I el= = 8
A2l 71702 SRS AFREA] &
Age] 7ol 28% A

N

o 4U rR (L oo Jn
N l‘g dr o R
1

o g
g
v
W
N
it
1
i)
PO
tilo
2

o S} Yaarh
Vg ED FEE M e Aoz Yewt 3
F V3R] oIg Se=1ABe] 9T PG
o 9o} T AA7ke] Aolol thit AL FAm B
Ng "art 9L Ao AR

Ah, SR, S Q- FFAGNM, o
WA= 2 A el ThE A
om, 53] QA A2 711 T A|S
oM 4 Withe] sjeS Hole oz YEhst

2. & vARA] E E4A3 eFoM =
Bt A oA T Al vsl w27 =2
o2 Yepton, Agollx vlad v 2oz 1

J Environ Health Sci 2012: 38(3): 184-194

Ehgeh. A TlshAE Qe Eekow, 1
Aol she 7oz vehheh,

3. A A% AEALel dEie &
22714 WedelAE LR, Ao E 44, oheg)
o eI R S7h Beker), 99 B
ol TaIAE Fel=s)g wIel, A4, obEs) sy
WA A BE 202 et o] @ A
Aol F7H4Q AR ¥ TES 5
Lel 27188 GFS vIAE 200 et A45)e)
A3 AAHe) T TAHA AL Fato] F7H4
o= Felsjolof & Aot

4% W 6t A Aol o] L]y v
g, WA, ohEvlznge] e ] edl JFL
BoHe A, o7 F ) edBas) Skl o
B SR 2 99e) el Sk Ao
Uebieh.

e EE ERO L A EREE S
AGEE W) A% 2NRARA 2E B
WA} deEslge vAs 93 B A
Yrlesde] QB Fe WAE Aoz
erston], wrt B34l Rase) 9B B}
371 SsiME B PAEelR AAH A, 5
AAERe) 7109 wEAast g, SR
2 59 $9€ 59 PAH =20 B} of
Fo] Aok & Aow AlRHh

=

il 12

A2z Q13 71 FskE AAH o= A7

A R B Gage] zaAHT ARl 9 3
g WAL k. B ApaE 7o el o
e THAFGA, of ol A L2

=
A8 P2 v 5 Yk =2 A

http://www.kseh.org/



Mz

6 AAQ TIdeQls et H7|2%0]... 193

#ZAL| =

o] A= AT AU ol Zolmmlo] ALY

(No.412-111-002)°.2 A|¢u-e
& 27]

9,]

10.

12.

71538}l e
At AIFEEE e Ny

A2 =g

1=
SED

D
rak

0=

. Kim H, Bernstein JA. Air pollution and allergic dis-

ease. Current Allergy and Asthma Reports. 2009;
9(2): 128-133.

. IPCC: Climate Change 2007: Synthesis Report.

Contribution of Working Group I, II and III to the
Fourth Assessment Report of the Intergovernmen-
tal Panel on Climate Change [Core Writing Team,
Pachauri, R.K and Reisinger, A. (eds.)]. IPCC,
Geneva, Switzerland; 2007. p.104.

. Kim KH. Climate change and atopic dermatitis. J

Korean Med Assoc. 2011; 54(2): 169-174.

. Jang AS. Climate change and air pollution. J

Korean Med Assoc. 2011; 54(2): 175-180.

. D’Amato G, Cecchi L. Effect of climate change on

environmental factors in respiratory allergic dis-
ease. Clinical and Experimental Allergy. 2008; 38:
1264-1274.

. Jin HJ, Kim JE, Kim JH, Park HS. Impacts of cli-

mate change on aeroallergens. J Korean Med Assoc.
2011; 54(2): 156-160.

. Rossi O, Kinnula V, Tienari J, Huhti E. Associa-

tion of severe asthma attacks with weather, pollen,
and air pollutants. Thorax. 1993; 48(3): 244-248.

. D'amato G, Liccardi G, D'amato M, Cazzola M.

Outdoor air pollution, climatic changes and allergic
bronchial asthma. Eur Respir J. 2002; 20: 763-776.

. Rupa B. High ambient temperature and mortality: a

review of epidemiologic studies from 2001 to 2008.
Environmental Health: A Global Access Science
Source. 2009; 8: 40.

Liu L, Breitner S, Pan X, Franck U. Leitte AM,
Wiedensohler A, et al. Associations between air
temperature and cardio-respiratory mortality in the
urban area of Beijing, China: a time-series analy-
sis. Environmental Health. 2011; 10(1): 51.

. Park AK, Hong YC, Kim H. Effect of changes in

season and temperature on mortality associated with
air pollution in Seoul, Korea. J Epidemiol Commu-
nity Health. 2011; 65(4): 368-375.

Curriero F, Heiner K, Samet J, Zeger S, Strug L,

http://www.kseh.org/

14.

15.

16.

17.

20.

21.

22.

23.

24.

Patz J. Temperature and mortality in 11 cities of the
eastern United States. Am J Epidemiol. 2002;
155(1): 80-87.

. Peng R, Dominich F. Statistical Method for Envi-

ronmental Epidemiology with R. Springer 2008.
Cakman D, Dales R, Coates F. Dose air pollution
increase the effect of aeroallergens on hospitaliza-
tion for asthma. J Allergy Clin Immunal. 2012; 129:
228-231.

Heinrich J, Wichmann HE. Traffic related pollut-
ants in Eorope and Their effect on allergic disease.
Curr Opin Allergy Clin Immunol. 2004; 4: 341-348.
Brauer M, Hoek G, Vliet P, Meliefste K, Fisher P,
Wijga A, et al. Air pollution from traffic and the
development of respiratory infections and asthmatic
and allergic symptoms in children. Am J Respir Crit
Care Med. 2002; 166: 1092-1098.

Cesaroni G, Badaloni C, Porta D, Firastiere F,
Perucci C. Comparison between various indices of
exposure to traffic-related dir-pollution and their
impact on respiratory health in adults. Occup Envi-
ron Med. 2008; 65: 683-690.

. Lee YL, Shaw CK, Su HJ, Lai JS, Ko YC, Heang

SL, et al. Climate, traffic-related air pollutants and
allergic rhinitis prevalence in middle-school chil-
dren in Taiwan. Eur Respir. 2003; 21: 964-970.

. Morgenstern V, Zutavern A, Cyrys J, Brockow I,

Koletzko S, Kramer U, et al. Atopic diseases, aller-
gic sentization, and exposure to traffic-related air
pollution in children. Am J Respir Crit Care Med
2008; 177: 1331-1337.

Bernard S, Samet J, Grambsch A, Ebi K, Romieu 1.
The potential impact of climate variability and
change on air pollution-related health effects in the
united states. Environ Health Perspect. 2001;
109(suppl2): 199-209.

Peden DB. Effect of air pollution in asthma and res-
piratory allergy. Otolaryngol Head Neck Surg.
1996; 114(2): 242-247.

Strickland M, Darrow L, Klein M, Flanders W, Sar-
nat J, Waller L, et al. Short-term associations
between ambient air pollutants and pediatric asthma
emergency department visits. Am J Respir Crit Care
Med. 2010; 182(3): 307-316.

Stieb D, Burnett R, Beveridge R, Brook J. Associ-
ation between ozone and asthma emergency depart-
ment visits in Saint John, New Brunswick, Canada.
Environl Health Perspect. 1996; 104(12): 1354-
1360.

Meng Y, Rull R, Wilhelm M, Lombardi C, Balmes
J, Ritz B. Outdoor air pollution and uncontrolled

] Environ Health Sci 2012: 38(3): 184-194



194 Z

ol

R =

ar

og

- 0|z}

25.

26.

217.

28.

29.

30.

31.

asthma in the San Joaquin Valley, California. J Epi-
demiol Community Health. 2010; 64(2): 142-147.
Mar T, Koenig J. Relationship between visits to
emergency departments for asthma and ozone expo-
sure in greater Seattle, Washington. Annals of
Allergy, Asthma & Immunology. 2009; 103(6): 474-
479.

McConnell R, Berhane K, Gilliland F, London S,
Islam T, Gauderman W, et al. Asthma in exercising
children exposed to ozone: a cohort study. The Lan-
cet. 2002; 359(9304): 386-391.

Vagaggini B, Taccola M, Cianchetti S, Carnevali S,
Bartoli ML, Bacci E, et al. Ozone exposure
increases eosinophilic airway response induced by
previous allergen challenge. Am J Respir Crit Care
Med. 2002; 166(8): 1073-1077.

Pénard-Morand, Charpin D, Raherison C, Kopfer-
schmitt C, Caillaud D, Lavaud F. Long-term expo-
sure to background air pollution related to respiratory
and allergic health in schoolchildren. Clin Exp
Allergy 2005; 35: 1279-1287.

Gauderman W, Avol E, Gilliland F, Vora H, Tho-
mas D, Berhane K, et al. The effect of air pollution
on lung development from 10 to 18 years of age. N
Engl J Med. 2004; 351(11): 1057-1067.

Schwartz J, Slater D, Larson T, Pierson W, Koenig
J. Particulate air pollution and hospital emergency
room visits for asthma in Seattle. Am J Respir Crit
Care Med. 1993; 147(4): 826-831.

Gavett S, Koren H. The role of particulate matter in

J Environ Health Sci 2012: 38(3): 184-194

32.

33.

34.

35.

36.

37.

exacerbation of atopic asthma. Int Arch Allergy
Immunol. 2000; 124(1-3): 109-112.

Brauer M, Hoek G, Smit H, De Jongste J, Gerrit-
sen J, Postma D, et al. Air pollution and develop-
ment of asthma, allergy and infections in a birth
cohort. European Respiratory Journal. 2007; 29(5):
879-888.

Solé E, Camelo-Nunes IC, Wandalsen GF, Pas-
trorino AC, Jacob CMA, Gonsalez C, et al. Preva-
lence of symptoms of asthma, rhinitis, and atopic
eczema in Brazilian adolescents related to exposure
to gaseous air pollutants and socioeconomic status.
J Investing Allergol Clin Immunol. 2007; 17(1): 6-
13.

Peel J, Tolbert P, Klein M, Metzger K, Flander WD,
Todd K, et al. Ambient air pollution and respira-
tory emergency department visit. Epidemiology
2005; 16: 164-174.

Shea K, Truckner R, Weber R, Peden D. Climate
change and allergic disease. J Allergy Clin Immu-
nol. 2008; 122(3): 443-453.

Hong SY, Son DK, Kwon HJ. Climate change and
allergic disease. Pediatr Allergy Respir Dis. 2010,
20(3): 151-158.

Yoon BJ, Kim SH, Kim DH, Koh YI. Longitudinal
changes of sensitization rates to inhalant allergens
in patients with allergic diseases from gwangju and
chonnam areas: their association with annual
changes in temperature. Korean J Asthma Allergy
Clin Immunol. 2011; 31(2): 93-104.

http://www.kseh.org/



