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here is a firm consensus that Earth’s climate has been changed and will be changed in

further future due to increasing greenhouse gas emissions. Climate change affects human
health and respiratory allergic diseases, such as asthma and allergic rhinitis, in various ways.
The increase in both the incidence of asthma and global surface temperature in the same period
suggests that climate change is a plausible explanation for the asthma epidemic. Additionally,
climate change could influence also the severity and acute exacerbation of asthma. Several
mechanisms were suggested to explain the effects of climate change on respiratory allergic
diseases: increased exposure to pollens and molds spores, aggravated air pollutions, direct
effects of extreme weather and thunderstorm and changes in respiratory infections. However,
data and evidences are lacking to answer what the net effects of climate on asthma and allergic
rhinitis and its mechanisms are. Great efforts and active roles are required for the physicians in
developing strategies to mitigate climate change and adaptation to its effects on respiratory
allergic diseases.
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(Table 1).
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Table 1. The suggested mechanisms of the impact of climate 2 Zzo| EX}
change on respiratory allergic diseases o ) )
| 1 — 713 Hs= 7R ofuet Aule] F8 d2713
1. Increase exposure to pollens: earlier pollen season, increa- _ B _ N
se in pollen season duration, pollen count and allergenicity, Z SRl Fgol o] AT Haldw Jgko] it HlE 7|5
advent of new pollen - . . s e, -
2. Increase exposure to mold allergens: higher temperature W37} wgolof R gk tisiAle E7hFell vl
and CO, concentration and damp environment AR o = o nlo BEsl Al Foo] ¥ ose
3. Affect types and extents of air pollution: increase in ozone o= A7 vike- REShA, F2e] HE e
and particulate matter concentration and interaction with o|gal oJake AE A o 7 Z=sla 9tk Wolf S[19]&
pollens ’
4. Induce extreme weather and thunderstorm ojg] T2 B9 o]akslel oA A sl EZolA ]

5. Change respiratory infection

FAY I FAdE EHF, =2 o] AdskEA F oA

1. 271%7 73787 7ol o B2 AT 22 ddz1dddS

A2 g2 rH o] B F74 axqle] e ARt 7HItR= A& skt
ox ti71g el 27 ol e Ho] WAs= 22k o=
AT A2g THE 243}, 71=dTol FH 7ot 3. Al
(11,12]. 7] ¢d271E do7|= del=7|3-<el sl BF 7 ek S A 2Vl AR Hfe]
=ZE A9 e T dd 2713l vk 2t A 71% saL, F7183S Fal shol 257] L= de
A, del=rH e 2AE AYshs Fa% A4 azolt FEFE = 7 ek F9 TS Bske AFE0IA
7| a A El ] 7 ol itetekae] ks AE A3} 557] 2ol WA=t Sae A8tk
o 7R = B ot RS S A, = (20 & FADAL wgo|ZA e} 22 Ajdde| 27t
7] ErE dodls T e s e A= FFE FL, Ll =713l thad gt 4, &
ST WAlo] S7HETH13). E2 71 o ilsteka 5 27]0] ¢ g of lolo] Hr21). #go] EA} ofel|e 715
7Fe El 715k 2R V1S 1AL 7Rkl A st SEE £-9-01 7

o] E7}Fol mFHE AL S7MIAIH. 292 vl 4 s
38 S9F WEE AR S7HE BUE ol B3] s AR B2 AIE AellM AgsH) sER 715 e}
b5 FORE ot A, GF Ao A AEH e T o] vlAE gl e e F B dalel
7FtIEH14]. of#1 volRE SRRl thaf o] 7|47 st

= A2} del27] vjde] B o] Skl Hrt

(15]. ¥t opuz} 7] 53t <l o Aol EAHA] %3k 4 to|eY

U o] A o3k A=) WAjo] 7kl w2 Ak A7) Fte] AA ST A48}, e 5 5
el 2713l Tk 2Hzko] A7} E &= QleHiel. 715 o] 52 e dEe) Hies S7HIA W71eds
sh=th7] 5 27F79) 78 S7HA A W ohvzt Sl =r )% AMBAIZIAL, of2] yetell A Aztel 2191 dE efskar 9l
W& S7HIA 27HF Fol S S7HI71aL, A on feluEhe del7t opunt, 71F sk uks, -9,
BE 7HAE 7 TH17). o7 371 =2 7ot g S T A P Tl 712 Ao P Aol dFS
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J Korean Med Assoc 2011 February; 54(2): 161-168 thstelaEdsixl 163



@
M Kim SH - Yoon HJ

455 FAAE 712 o] FEFs e 4 k. o o
71 FEA FollA 53] 2.&3) n]MHA](particulate mat-

il
w2
e Hu
)
to
rN
o
rlo
>,
L
[
o ofy
ol
v
3
>
=
>
)
ro
=
N
to
o

[o}

7|8k (volatile organic compounds)¥} 2Fsh2lA~0] 33
shepkgo 2 s, ol A3 B 2xv} Bast
Y. o) st v Aslold 2713t 1o, o)
T ES) AgE Ao A2, oL A

o2 QI d¢, TE|aL APES STMIRITH23). eE

1>
12
o
S

3P el A

52
2
[S9)
N
b
rl
©
2
i

m i
rlo
= e
EVR- TRV
TR A )
‘>|.1_|‘
&
ﬂﬁ‘i{ o
[> _
off
2
=
%
)
i
2
=
X
of
{0
oy
L)

4
i
X
S
9
ot
Jutl
r o]
&
>

)
&
S
09:,‘
o
R

W, mlA A el e EH e Balel Wasich viA
A 5 0231 37 2 g3to] of IS FHAL 5 )
o] ekl 715 sl <lgt vlv] .9 stol )8
Fh 0., wIAIHA Alo]e] 5o
cH26), ti7 2 B4e 2 AR 557
2 zefelar, ol Slstel F94 39 Wrel 4
A B0 2g3tel FAHE 3
53 387) Qel=rla%e) BAE Qosre
o

T dnple BT S

L R

oo (&

o,

A2 Fgste] dY2r|FLL ee Agsr|w
gt
5. 38t i o] IR0l Fgt

2h7o} 710 de 58 9T ool 715k Ao
Ho g a2 25kAe) NS B3 W2) Zdo iy

Folx] Z1 Ao & 7|
S o] AWds BAsH e, ST SAE A
o3lE A 0 7| A= QAR H2o] i Aol 37 U
o] folaHAl F7Ieh= A#E Hol, A 28Al= 7| $HslE
gk o 342 wstol Fokek AP AAFSEAL 9
TH28], 2 el 28s o7 |3 Aol s 2 7]
o= Qlgh 357Agke] JFFS A8k lEHl, 53] 754

HH=0H30).
= A2 ofzte] F4%F AT ¢do] ltk(thunder-
storm asthma)[31], ¢ d*o] X2

W S doivhe v 19850l F=rellx] A

d 7o ArHar Slok33]. £7FFE ofyzt
Alternaria 5 530| Ao 20| ZVEE= 29X F8
& 71d 5 ol ng, bRt wgo] dH =717 Sl
AbgrellA G5 o7 d e siet34],

7] e Ao WA el JFS vl FAdetst
of Tag dlofrt. 71F sk 257] Al ¢S =
S 2 Ao A} ol FRE v = Sl S 3
7] 5 upelEx e gl =& PSS Hola3s),
6541 old ZdelM= Aol A oFsk= A Jezt AL

o
finj
¥
ol
o,
b
il
)
e
1>
)
=2
2
}O‘l
oy
N
ol
o2
)
o
bt
[
A

J Korean Med Assoc 2011 February; 54(2): 161-168



= A ol9fe= IEFAte
Zlglel| e JEFS FoT= FdE0] Aok 2o QIEF4l
A npolg 0] A& F-3-F A (haemagglutinin) 2} Freh| Y
toAl(neuraminidase) 9] o} tlkslrt Aot Al7|7}
16-19A4)7] B¢t 7] 20] A3}l A1S}17](little ice age)
o} AAJskaL ek ARl 278k, - 7]~r“1§1'7]' u}o]
2] 2o] a7} ekl A wolof T 5}:@‘ 33}]3}@] 7l
1 [e]

o°"

A2 uh$ T QPP Mol B Astoln], W2
of ol ofe] 7)ol gt 15 st B
& o12] Bgjo|1, ofe] Qelbol vl A s}
= vephe e, 215 sk A vk
Pk Ze 44 ek oleid AlgH Tzl 7]
3 gl vl o vl mstel 55
1

A= Gl thigk BAalo] Wit ¢

lo
of
%
L

[e)
=

ot
Hob of
E o
oty

N
2
o2

o}
Ay
o
2
=)
A

=

rlot
2
=
N
o

(o]
Ir
z

o r2 o oE
f

N
% e
N
117
=&,

[t
~N
i)
ot
=2
=
R
rr
o,
ook
fllo
o,

N
N
ok
X

r
O:

(oY
[e¢]
o2

_/':
2] #3302 Amsz Aokt
A A A s 2 %

ey

17

)

il

N

i

ol ok

o,
N
N

filo

gg
N
P
:|:‘.
é;
(o
XN
C
}.
o
5
a3
lo
>t<}14
Tu
M
Fl
o
— O
=
e
N

& °J, x| Hlﬂl*i“ ?7541%] A57t Ad oz Rtk
Ao}, 71FHsk= Aol whet vhe AdE 29T 5 3l
on g wEha] 7|FHske] JEFS AAH R BAE] 9
A= 54 A Holx o] A ofet AlA| 2 A
717l AR Z71F B3| 3t ZUE Y AFg A o] &
T-Hc}, =g 71enste] 3k Hrkehr] fls AlAl o=
A oA Fdgk el ofal 7|1kl AX AR A2
G278 Ae] gl tigh 2AL A3 d a3ttt
715 ste] JEs Hrkehet ofels T shvks 27k

J Korean Med Assoc 2011 February; 54(2): 161-168

°
Climate change and respiratory allergic diseases %

= AEo] OMB} wﬂl%l%ﬂcﬂ] *14*6}
2150 JARH Tl ol -4 o] & A= S-2luet H
oA =8k 7 4l E’ﬂ%%li Z TS AL
TH391. A9H o2 557] dul2r)dske] Ul dH=]
Fof 7Hzhgo] Apo|7} = @E aefatelof gt -
vieke} o] Yl o] opd Fow EA9} FE, A
Al 540l whe 217 del2r13d e g Atols
Kol glth40], o]2fgk AP et |9 o2 7|5 H3)
o] JFE o= A= H]s=aHA| HretE A 920 ofe] 8
zfolel| ofste] Y=g el et Haka Ak o]
2= GgFo] th2A vEhE F S AARRIE ST
O LR A3t L 9ol 191 mAIste} 7AYo
A 7V 229l B0l 93-S Fb. web 7|1 FHst
F7HR A= FE W7EE o o] gk Q19 dF T
< ajste] Hrletefof stEE Aol ofelge] Uk 1
2} H2je] QIR 1S fshs Fa ddhoa, AlE] 7
AA Fto] eks aefshd So R 715 sk 32
UIZIL °16;}°ﬂ gk ghksl oJghA <dgte} 71T 8
o},

sht}, WA 7)$ste] A2l YRle] He 2VkE
A=37] S8 W ES AAE] 918 ¢sK(mitigation)
TS AT AR 4 YR HEA A9 SRE 5
datelol st} agja A AAIZS) 3F =8y FF B
o .

o
2
ot
1o
ot
1o
il
b
Y
ol
T

ChetelAr2lx|

|
(]

165



@
M Kim SH - Yoon HJ

vernmental Panel on Climate Change)$} 7] 33} 2
3 A 87|12 2K (United Nations Framework Con-
vention on Climate Change) «] ZZlo] AAx|o] &
skaL Qlom, 715 mst Ao ] 9l Tt 765‘-]17]1‘%
5o HAE kL X Wtk Rt 23T 7t
o] Ak Y of 2R S88taL ot olgH
=EE F3] Z1Eoltets, dAle] 715 R} ARk @)
2ol HEE)7]= of et whebA] 715 RSt 1%
&, 53 557) G271l nlA=
7] g #-3- FH)7F D 2 sfrh41],

7153kl gk o]2fgk -8} FHl oA QA
g5 fofof {’”7}? 7153} 7l A= o oééék"ﬂ
3] F2gh 72 A A, ol gk 3 Al
NA A= ZH3} 7] Hstol thek Ake]A HAls %ﬂ"l
Aok gt} aejal 247k AE Ee] S8 o2 A
‘;]'Oﬂ A= g gskaL AlF-AR1 A ey ol ghks] &

o] HEH, AAA g-gegs Sstolo} ¢

‘«] olglgt RFe A= ARlIE
Ak, &gk 7] 2 o) BUE P 271 A
3l 715 Hste] o3RS Z7) o Adt & =

& st ?a ef3tolo} sk, 3t Al

P

L
°n‘.1

]

o

-

n&
_0|L
B3

f
o0

~
>,

Tu

R

o
il

=¥ o2

oo o i

mlodlmgigi[ﬁ I;
SET Mo
oot [ Lo

S o 4y

lo
o,
ot
2
N
_]O
§£
ot
)
P
o
rx
i)
ol
f1
N
N
=2
Ho
o
>
% fo

2719 5 557] del2r)dske] ATt Btels 3%
& o, ol E7hRel Bgo] T FHUEYR =E T
7k i1 57, =3 I < ”d 4°J %, ‘371 4

£ Fo]7] 918 AT Weo] ol ol glor 2o
A QA4 MEA, 494 tlag 27E . 7159
sh2 Qlgh 557] Lel=s)aee) Rt 7)ae Hieka

REFERENCES

. Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt

KB, Tignor M, Miller HL. Climate change 2007: the physical
science basis. Contribution of working group | to the fourth
assessment report of the Intergovernmental Panel on Climate
Change. New York: Cambridge University Press; 2007 996 p.

. Trenberth KE. Climate variability and global warming. Science

2001;293:48-49.

. McMichael AJ, Woodruff RE, Hales S. Climate change and

human health: present and future risks. Lancet 2006,367:859-
869.

. Beggs PJ. Adaptation to impacts of climate change on aeroal-

lergens and allergic respiratory diseases. Int J Environ Res
Public Health 2010,7:3006-3021.

. Eder W, Ege MJ, von Mutius E. The asthma epidemic. N Engl

J Med 2006;355:2226-2235.

. Lee SI. Prevalence of childhood asthma in Korea: international

study of asthma and allergies in childhood. Allergy Asthma
Immunol Res 2010;2:61-64.

Linneberg A, Jorgensen T, Nielsen NH, Madsen F, Frolund L,
Dirksen A. The prevalence of skin-test-positive allergic rhinitis
in Danish adults: two cross-sectional surveys 8 years apart.
The Copenhagen Allergy Study. Allergy 2000;55:767-772.

. Strachan DP. Family size, infection and atopy: the first decade

of the “hygiene hypothesis”. Thorax 2000;55 Suppl 1:52-S10.

. Beggs PJ, Bambrick HJ. Is the global rise of asthma an early

impact of anthropogenic climate change? Environ Health
Perspect 2005;113:915-919.

. Beggs PJ. Impacts of climate change on aeroallergens: past

and future. Clin Exp Allergy 2004;34:1507-1513.

. Min YG. The pathophysiology, diagnosis and treatment of

allergic rhinitis. Allergy Asthma Immunol Res 2010;2:65-76.

. Holgate ST. Pathogenesis of asthma. Clin Exp Allergy

2008;38:872-897.

. Wayne P, Foster S, Connolly J, Bazzaz F, Epstein P Production

of allergenic pollen by ragweed (Ambrosia artemisiifolia L.) is
increased in CO2-enriched atmospheres. Ann Allergy Asthma
Immunol 2002;88:279-282.

J Korean Med Assoc 2011 February; 54(2): 161-168



)
Climate change and respiratory allergic diseases % |
(=]

14. Frei T, Gassner E. Climate change and its impact on birch 28. Khalaj B, Lloyd G, Sheppeard V, Dear K. The health impacts of
pollen quantities and the start of the pollen season an exam- heat waves in five regions of New South Wales, Australia: a
ple from Switzerland for the period 1969-2006. Int J Biome- case-only analysis. Int Arch Occup Environ Health 2010;83:
teorol 2008;52:667-674. 833-842.

15. Bjorkstén F, Suoniemi I. Time and intensity of first pollen 29. Michelozzi P Accetta G, De Sario M, D’lppoliti D, Marino C,
contacts and risk of subsequent pollen allergies. Acta Med Baccini M, Biggeri A, Anderson HR, Katsouyanni K, Ballester
Scand 1981;209:299-303. F Bisanti L, Cadum E, Forsberg B, Forastiere F, Goodman PG,

16. D’Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano |, Hojs A, Kirchmayer U, Medina S, Paldy A, Schindler C, Sunyer
Behrendt H, Liccardi G, Popov T, van Cauwenberge P J, Perucm_CA; EHEWE CoIIa_boratlve Group. ngh temperature
Allergenic pollen and pollen allergy in Europe. Allergy 2007: gnd hospnahzanops for cardmvascglar gnd respiratory causes
62:976-990. in 12 European cities. Am J Respir Crit Care Med 2009;179:

17 Ahlholm JU, Helander ML, Savolainen J. Genetic and 383T389' )
environmental factors affecting the allergenicity of birch 30. Delfino RJ, Brummel S , Wu J, Stem H, Ostro B, Lipsett M,
(Betula pubescens ssp. czerepanovii [Orl.] Hamet-ahti) pollen. Winer A, Street DH, Zhang L, Tjoa T, Gillen DL. The rela-
Clin Exp Allergy 1998:28:1384-1388. tlon;hlp of r:splra(;[ol?l an caﬁgfvasctilazrogc;spgal adelsspns

) , ) to the southern California res o . Occ nviron

18. Cecchi L, D’Amato G, Ayres JG, Galan C, Forastiere F, Med 200&;66'189—19|7 a i up Envi
Forsberg B, Gerritsen J, Nunes C, Behrendt H, Akdis C, Dahl T '

R, Annesi-Maesano |. Projections of the effects of climate 31. Taylor PE, Jonsson H. Thunderstorm asthma. Curr Allergy
change on allergic asthma: the contribution of aerobiology. Asthma Rep 2004;4:409-413.
Allergy 2010;65:1073-1081. 32. Packe GE, Ayres JG. Asthma outbreak during a thunderstorm.

19. Wolf J, O'Neill NR, Rogers CA, Muilenberg ML, Ziska LH. Lancet 1985;2:199-204.

Elevated atmospheric carbon dioxide concentrations amplify 33. D’Amato G, Liccardi G, Frenguelli G. Thunderstorm-asthma
Alternaria alternata sporulation and total antigen production. and pollen allergy. Allergy 2007;62:11-16.
Environ Health Perspect 2010;118:1223-1228. 34. Pulimood TB, Corden JM, Bryden C, Sharples L, Nasser SM.

20. Fisk WJ, Lei-Gomez Q, Mendell MJ. Meta-analyses of the Epidemic asthma and the role of the fungal mold Alternaria
associations of respiratory health effects with dampness and alternata. J Allergy Clin Immunol 2007;120:610-617
mold in homes. Indoor Air 2007;17:284-296. 35. Ayres JG. Seasonal pattern of acute bronchitis in general

21. Jaakkola MS, Laitinen S, Piipari R, Uitti J, Nordman H, Haapala practice in the United Kingdom 1976-83. Thorax 1986;41:106-
AM, Jaakkola JJ. Immunoglobulin G antibodies against indoor 10.
dampngss—relatgd Amlcrobes and adult—onsgt asthma: a 36. Flerning DM, Cross KW, Sunderland R, Ross AM. Com-
population-based incident case-control study. Clin Exp Immu- parison of the seasonal patterns of asthma identified in gene-
nol 2002;129:107-112. ral practitioner episodes, hospital admissions, and deaths.

22.Chen KS, Ho YT, Lai CH, Tsai YA, Chen SJ. Trends in Thorax 2000;55:662-665.
concentration of ground-level ozone and meteorological con- 37 Gatherer D. The Little Ice Age and the emergence of influenza
$lt_lons dJuXh?/\?lgh ,cijone GXISOdeQSOI&tQE 3I<glo4—f|3:’|ng Airshed, A Med Hypotheses 2010;75:359-362.

. 1 ,54:36-43.
anwvan. JArvtaste ianag Assoc 2555 , 38. Ayres JG, Forsberg B, Annesi-Maesano |, Dey R, Ebi KL,

23. Uysal _N, Schapira RI\/I._ Effects of ozone on lung function and Helms PJ, Medina-Ramon M., Windt M, Forastiere F; Environ-
lung diseases. Curr Opin Pulm Med 2003;9:144-150. ment and Health Committee of the European Respiratory

24. Ren C, Williams GM, Mengersen K, Morawska L, Tong S. Society. Climate change and respiratory disease: European
Does temperature modify short-term effects of ozone on total Respiratory Society position statement. Eur Respir J 2009;
mortality in 60 large eastern US communities? An assess- 34:295-302.
ment using the NMMAPS data. Environ Int 2008;34:451-458. 39. Kim CW, Lee JH, Jung HW, Choi SR, Cheong JW, Park JW,

25. Ebi KL, McGregor G. Climate change, tropospheric ozone and Hong CS. Changing patterns of skin reactivity to inhalant
particulate matter, and health impacts. Environ Health Pers- allergens in asthmatic patients. J Asthma Allergy Clin Immu-
pect 2008;116:1449-1455. nol 2001;21:205-215.

26. Valavanidis A, Loridas S, Vlahogianni T, Fiotakis K. Influence of 40. KimTB, Kim KM, Kim SH, Kang HR, ChangYS, Kim CW, Bahn
ozone on traffic-related particulate matter on the generation of JW, Kim YK, Kang HT, Cho SH, Park HS, Lee JM, Choi IS, Min
hydroxy! radicals through a heterogeneous synergistic effect. KU, Hong CS, Kim NS, Kim YY. Sensitization rates for inhalant
J Hazard Mater 2009;162:886-892. allergens in Korea: a multi-center study. J Asthma Allergy Clin

27 Bartra J, Mullol J, del Cuvillo A, Davila |, Ferrer M, Jauregui |, Immunol 2003;23:483-493.

Montoro J, Sastre J, Valero A. Air pollution and allergens. J 41. Shea KM, Truckner RT, Weber RW, Peden DB. Climate change

Investig Allergol Clin Immunol 2007;17 Suppl 2:3-8.

J Korean Med Assoc 2011 February; 54(2): 161-168

and allergic disease. J Allergy Clin Immunol 2008;122:443-453.

ChetelArE2lx|

167



@
M Kim SH - Yoon HJ

© | Peer Reviewers’ Commentary

2 E=E2 B2 ED R

=
B U=t 7y B3 29102 ME A H5, 7|

ol =

ML

| =

I'_E
_\T

i
o
N
ne
o

| S
-

71280l DIXk= Felol| et ==0Ict 22 57| Yel=7 128
=] o

=550 gt SHeH S Y [2F0| 2D UCH Cio] A=F0] &

OfM Lt211 QU= &E0I0 & =20z Ol2fer Relut 57| L=7|2ate] Sekdof thsll KMo 2EsiEM 2

He & Rl At Ok=d| 7|=Halz Qlet 557| Lel=7|2et 210 of2Zu} oof thet S|zl 2 M XtM|7EX]

THMeR HEskr AT 2 =2 /et 57| Yell=7 |20l DIxl= &t ololl thet 71 ofstioll 24| ==
ol f

168 7IsHstet 557

o272

XtEsts 2011E 183 (ai2i2Ee| R4 2IX))

1.® 6.®
2.2 7.0
3. @ 8. @
4.® 9.®
5. @ 10. @

J Korean Med Assoc 2011 February; 54(2): 161-168



