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Summary primary school children, those living in the formere
. ] ) Germary had a higher pralence of current asthma (5.9%)

. 1. The importance of early life emonmental anq AHR (8.3%) than those living in former East Gerynan
influences on the aetiology of asthma is implied by thghere the preslence vas 3.9% and 5.5%, respeety.®
obsered geographic and temporalaniation in the oher studies showed substantiatigtion in the preslence
prevalence of the disease among children. of asthma symptoms among children living iarious

2. There is evidence pointing to the role @besure orthern, central and eastern European courftries.
to allergen, arious aspects of diet and/diene-related gjimjjarly, the predlence of eer having wheeze or asthma
factors in the aetiology of asthma. . among ethnic Chinese children in Hong Kong and in a
. 3. There is also evidence that heritablactdrs pearpy city in southern China was 11.6% and 1.9%,
influence the impact of hygiene-related exposures on tF@spect’rer.S These regionalariations strongly support the
risk of having asthma. Polymorphism within genes codingeay that fctors related to lifestyle or the local
for the TLR-LPS signalling pathay may underlie ariation  enyironment influence the risk of\doping asthma.

in eflects of hygiene-related exposures, including If changing ewmironmental factors contribute to the
specifically endotoxin, on the risk of wioping allegic  4etiology of asthma then, potentialfarther changes can
sensitisation and allergic disease. be implemented to pvent asthma. The search for specific

4. At present there is no unifying theory ®p&in  epjironmental &ctors that cause asthma, particularly those
the childhood origins of asthma and hence no solid basis {f5; are potentially modifiable, was stimulated by the need
da/elopmg. preventative interientions. Progresswards this {5 male public health recommendations for the yertion
goal requires better understanding of the heterogeneqySihe disease. afgeting these interventions to high-risk
nature of the disease in early childhood, i groups most likely to benefit requires kviedge of the
characterisation of refent environmental xposures, and jneraction among environmental factors and between
long-term follav-up of birth cohorts with reliable andid  onyironmental exposures and hereditary attributes.
measures of allergy and asthma outcomes. The heterogeneity of asthma and the comptural
history of the disease both contrib to the contdual
framevork within which potential contriltors to the

Asthma is a complex, heterogeneous disorder that hagtiology and course of asthma must be assessed. While
proved difficult to define and classifyDescriptions of the mary cases of asthma arise in childhood and petsist,
disorder focus on characteristic symptoms of wheeze, che#iers the disease remits and may later relapse. There is
tightness, shortness of breath and sometimes cou@so evidence that asthma may first arise in adulfdité.
accompanied by evidence of veesible, variable or Furthermore,een anong children with asthma, éfrences
inducible obstruction to airfl® in the presence of between transient early wheeze, which remits before age
underlying airway inflammatioh. six, and late-onset wheeze, which starts after age three

There is a substantial burden of illness attributable ¥gars, and persistent wheezevéhdieen describetf. There
asthmé&3 and evidence of a rising trend during the 1980 also variability in the pathological basis of the disease.
and 1990s led to widespread concetrAmong primary Eosinophilic inflammation has long been recognised as a
school children in Belmont, Ne South Wales, Australia, characteristic feature of asthma which underpins
the predlence of reported wheeze in the preceding 1@pproaches to treatment of the disofdeHowever, in
months increased from 10.4% in 1982 to 27.6% in 199pecent years there is increasing recognition of Kigtence
Over the same period, the paEnce of airvmy Of a non-eosinophilic inflammation, in which neutrophils
hyperresponsieness (AHR), an objes neasure closely play a ley mle, which is associated with an illness
related to asthma, increased from 9.8% to 19 8Phis Otherwise indistinguishable from asthiMeEinally, there is
rapid rise in predence implied that changing clearly substantialariability among people with asthma in
environmental factors must be responsible. the triggers that elicit airay narrowing and symptoms, the

At the same time, vidence emerged of substantialunderlying seerity of the disease and in thefeftiveness of
geographic variation in the prence of asthma and other various modes of thergs1>16
allemgic disorders, some of which seemed unrelated to  In this paper | will summarise the basis @frious
racial, ethnic or genetic factors.off example, among hypotheses for the role of environmental factors in the
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Aetiological hypotheses for asthma

aetiology of asthma, some of whichvbBaeen, or are being, avddance are less ceimcing. A randomised controlled
tested in randomised controlled trials. | wilkamine trial on house dust mite alfgn aoidance implemented
evidence that hereditabladtors influence the likelihood of from birth in children with admily history of asthma in
an asthmatic response tovigEnnmental factors and finally Sydneg showed no change in the patence of asthma-lik
conclude by describing a proposed model for furthesymptoms at age three yedtsSimilar findings were
investigation of the impact of the environment on asthma. obsered in the Manchester Asthma and AdigrStudy
which was also conducted in high risk children and which
used stringent allergew@dance measures.

One of the earliest clinical observations about asthma | IT_fhere tls Tlmeylng ewdfence that aIIF:rgtte_n e?(pistl:]re n
was that it is closely linkd, either within individuals or early fite actually may conter some protectioraagt the
within families, to hay feer and eczema and that all threeda/elopment of allergic |Ilngs§§ The observation that .
of these illnesses are strongly associated with the preseR gple who own pets, Sn m&qrtantt sotu;ce Of. d?rtr;]esnc
of specific IgE antibodies directed against commo €Igen exposure, may be reledy protected against the

environmental proteing’ The strong association between dg/elopmgntb?; allctejrglc ﬂ:llnets]s, d|_nclud|fngthasth_ma, IS
allegy to proteins arising from house dust mites, |scutise_ €% under the heading 0 € ybiene
cockroaches, domestic animals, fungi, and pollens and t@éoo esis.

presence of asthma or AHR haswnbeen replicated in . With the p_re_sent_ state .Of kmtedge, it seems
mary dclinical studies®2! Furthermore, it is well unlikely _that \{arlatlon in envwonmenta[ exposure to
established that indiduals who are sensitised to specificallergen is a major contributor to geographical and temporal
allegens and he ron-specific AHR, deelop acute variation in the prealence of asthma. The ultimate role of

bronchoconstriction and a prolongedaeerbation of allegen aoidance as a clinical tool to prent asthma in

asthma, after inhalation of that allergen in a Iaborator)b—'gh risk children will be clearer when the randomised

based challeng®& This has been also demonstrated aft‘?(‘rontrolled trials referred to abe report the findings of
natural exposure to specific atien?324 Finally, athough onger-term follow-up.
clinical trials testing allergervaidance interventions within pjat hypotheses
the house hea largely been unsuccessful in impiog
outcomes in people with asthrf®rthere is evidence that Diet varies considerably with life-style and culture
effectve removal from allergen ®posure, for example by and has changedver recent decades. Hence, diet is a
moving to an allergen-free environment at altitude, leads fausible candidate to explaianation in the predence of
improvements in the clinical manifestations of asti#h® asthma. There are obsatonal studies to suggest that
The importance of allergy and allergens in tkgression of dietary intale of salt3® anti-oxidant vitamins and trace
asthma is well established. element¥-3% and fish oif® may all influence the risk of
The role of allergen>@osure in causing asthma ishaving asthma. More convincing evidence, in the form of
less clearin the special case of occupational asthma, therandomised controlled trials conducted in an at-risk
is little doubt that exposure to the occupational géaris a population, is generally lacking. Early results from a trial
prerequisite for the delopment of occupational asthmaof fish oil supplementation from iaficy show a reduction
and early remeel from exposure reduces the risk ofin cough but no difference in the palence of wheeze or
acquiring persisting asthni@. Early studies in Europe diagnosed asthma at age three yé&hrAlthough anti-
suggested that a similar phenomenon magtdor natural oxidant vitamin supplementation has not bedpatife in
exposure to domestic allergens. In Denmark, higheglde improving clinical outcomes in people with established
of house dust mites (HDMs) were found in the homes alsthmé’! no clinical trials hee been conducted to test the
children with asthma than in the homes of those withoeffect of this intervention in puenting the onset of asthma
asthma? In southern England, among children born tan high risk individuals.
atopic parents, those who were exposed to > 10ug/g HDM  Aspects of diet remain as potentially important
allemgen in their beds at age one year had a 4.8 times higfemtors in the aetiology of asthma. The final conclusion on
risk of having asthma at age 11 years compared witheir role avaits the results of furthervestigations.
children with lower lgels of HDM allegen in the bed! An . )
early randomised controlled trial, conducted in the Isle éiygiene hypothesis
Wight, lent further support' to they;bothesis that e{;\rly life The term “hygiene hypothesis” is atuited to Daid
aIIergenzfgxposure was |mportapt in the .aetlology 0étrachan, who coined it in 1989 tepéain his obseration
asthma’* Ampng 1.20 mfants at .|ncreas§d r|§k of aier that hay fger was less common in children who grap in
dug o a posrge family hlS'FOfy an htenention dlrgcted at large families??> Since then a considerable body of
avddance of inhaled and ingested allergens during the fir E)idemiological eidence has accumulated around the

n:lne months .(:.f “f[?’ Ie(iot%; rseéi L;g/tmn '3 thcej\/;attgncg c;L protectve dfect of ewironmental and life-style factors that
allemgen sensitisation (10.9%630.7%) and reduction in the seem to hee a Ink with hygiene.

0, = . .. .
prevlence of wheeze (14%527%, p = 0.08) and nocturnal Among the most consistent associations is Strashan’

COUghS(l;lo/NS?)Z%, Ip - OI'OZ.) Iat ang eightg/ears._ " original observation thatxposure to other children reduces
ubsequent clinical trials of house dust mite géer the risk of being allgic, and consequentlyof having

Allergen hypothesis
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allemic illnesses such as asthma and hagrf&4°In the protected against subsequenveiepment of wheeze and
absence of a lge family, exposure to children in early AHR during childhood in those with a family history of
child caré®4” has a similar protest? efect. Childhood allemgjic diseas& However, in those without a posite
exposure to animals also reduces the risk of acquirifgmily history there was no protection. In fact, among this
allemic disease. This exposure may occuramb e.d’®*° sub-group there was a trendvawds increased wheeze and
or in the domestic emronment®®%2 The findings AHR in BCG vaccinated subjects. The observation that a
concerning exposure to domestic pets are comgid, in  family history of allegic disease modifies the response to
some cases conflicting, in relation to the specific pets ahggiene-related environmental factors implies that there are
the specific outcomesveated. Havever, there is some genetic determinants of this proteetidfect.
consisteng among all these hygiene-related exposures that ) _
it is early life exposure that confers protectién. Genes that modify responses to the environment

Other exposures such as enteric infectRSnsse of
antibiotics®* and mycobacterial exposure in the form OEeII
Bacille Calmette Guerin (BCG)agcinatioR® have dso
been proposed as retmt to the hygiene ypothesis.
However, the data for these exposures is less consistent
its interpretation as vidence for a ¥giene-related
protective factor is less straight forward.

One candidate for this protegi dfect is the CD14
surface protein, which is part of the receptor for
bacterial LPS. Expression of CD14 on the surface is
cofrelated with ainay inflammation following inhalation of
terial endotoxin® Polymorphisms in the promoter
region for CD14 gene h& keen linked to the presence of
. .. atopy in somé®¢7 put not allf® populations. In a population-
The nature of the actuakgosure that is responsible based cohort folleed from primary school age, itas

for the protectie dfects remains unknown. Much attentionf_Ound that CD14 -159CC genotype was associated with an

has focused on the role of microbial pathogens and, iN-reased risk of early onset (i.e. before age 12)yatnd

partiqular bacterial endotpxin, a_Iipoponsac_:charide (LPSQAHR (Figure 1)%° Subjects with CD14 -159CC had an odds
that is known to actite innate immunological patiays i of 2 2 (950 CI = 1.2-4.2; p = 0.018) for early-onset
via Toll-lik e receptor (TLR) £% Among children living in atopy compared with subjects with genotype -159CT and

L"’?”L“”gl a(;]d nfonfi(;mtmg epwrorgnentsdm tcentral Eut;;?.e'JSQTT Polymorphisms in the TLR4 geneveadso been
Igner [&vels of endotoxin In matlress aust Were profeell . qiated with an increased risk of asthma in Swedish

against th_e ceslopment of atopic Wheei@.Howe/er, the schoolchildren’® As CD14 and TLR4 form part of the
evidence |s.compllcated by thq adverse resp|rat.o‘@ct=3‘ TLR-LPS signalling pathay, it has been proposed that
of e”d"tog"” exposure bot.h. in_early .ﬁ*Feand n _the polymorphisms in these genes underlggiation in efects

workplace® so that both posite and neyaive associations hygiene-related >@osures, including  specifically

between endotoxin exposure and allergic and respiratoe(xd tOXi the risk of delopi lerai itisati
symptoms hee keen reported (véewed in Liu, 20020) andoaﬁ()e(lrgicodr;seaeggs of tieloping aflergic sensitisation

Indeed, the same central European stGdigoved that the
prevalence of wheeze among non-atopic childremsw
higher at high teels of endotoxin exposure. It is not kno 100 —
whether these epidemiological associations with endotoxin 1

exposure indicate a specific action of LPS aternatively,

that endotoxin is simply a marker forposure to general or

specific microbes or microbial components. The mechanisr B W 15077
by which actation of the innate immune systewa this g ] [ -1secT
pathwvay protects against allergic iliness remainsgL o] [ -1s0cc

unknown®! However, there is experimental evidence to £
suggest that this pathway is critical to therallgoment of
Th2 responses to inhaled allergén.

20

Evidence that heredity modifies the response to o- ‘ ‘

environment Early onset Late onset Never
Atopy onset

While it has long been kmm that predisposition to
asthma runs in families and considerable effort has been
expended in identifying genetic riskdtors for the disease, Figure 1. Relation between polymorphismsin the gene for
recent evidence has highlighted the potential importance @P14 and the presence and timing of onset of atopy in
gene-emironment interactions in aetiology of asthmapPrimary school age children, Belmont, New South Wales,
Among adults and children with a family history of ajier Australia. “Early onset” refers to @opy onset befer age
illness, exposure to cats protectsaiagt the presence of 12. “Late-onset” efers to d@opy onset betweerge 2 and
allergy to cat®®54However, anong people without afmily 25 years. Source: O’Donne#t al®® Am. J Respit Crit.
history of a||egy1 there is no prote&é dfect. S|m||ar|y in Care Med. 2003;169:615-22, Official Journal of the Amer
a whort of Australian-born children of ethnic Chineseican Thoracic SocietyoAmerican Thoracic Society.
Vietnamese or Filippino origin, neonatal BC@&ceination
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Conclusions 4. Burng P, Chinn S, Rona R. Has the pakence of
) ) ) ) asthma increased in children? Evidence from the
This brief oerview summarises some aspects of a national study of health and growth 1973-8.
possible model for iestigating the impact of Med. J.1990:300:1306-10.

environmental and genetiaétors on the asthma. Ared®t 5 peatJK van den Begy RH, Green WE Mellis CM
and useful model should encompass a broad range of | geder SR. Woolcock AJ. Changing yalence of

exposures and outcomes napt to asthma. It should also asthma in Australian childrerBr. Med. J 1994-
allow for interacting dects of environmental and genetic 308(6944)1591-6.

factors and should encompass intermediate phenotypgs.\on Mutius E, Martinez FFritzsch C, Nicolai T Roell
which are important both in understanding basic G, Thiemann H-H. Prelence of asthma and atop

mechanisms and in providing measurable attributes that can  , wvo aeas of Wst and East GermanAm. J
be used in population studies. The elements of the model Respir Crit. Care Med.1994;149:358-64.
carvassed in this ndew are necessarily limited A more 4 Bjorkstén B, Dumistrascu D, Foucard , Tet al.

comprehense model for asthma must accommodate a Prevalence of childhood asthma, rhinitis and eczema
wider range of gposures, genes, intermediate phenotypes in Scandinavia and Eastern Eurofir. Respit J.
and outcomes (Figure 2).eSting this model requires 1998:12:432-37.

cooperatie research in populations, clinical settingsg LeungR, Ho P Asthma, allegy, and atopy in three
animal models and molecular studies. Studigssiigating south-east Asian populations.Thorax 1994;
gene-emironment interactions will need data fromdar 49:1205-10.

well-characterised populations in a variety of settings. 9. Sears MR. Greene JM. \llan AR. et al. A
Longitudinal, population-Based, cohort study of
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