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ABSTRACT

Background Preschool wheeze is an important
problem worldwide. No comparative population-based
studies covering different countries have previously been
undertaken.

Objective To assess the prevalence of early childhood
wheeze across Europe and evaluate risk factors focusing
on food allergy, breast feeding and smoke exposure.
Methods Infants from nine countries were recruited
into the EuroPrevall birth cohort. At 12 and 24 months,
data on wheeze, allergic signs/symptoms, feeding, smoke
exposure, infections and day care attendance were
collected using questionnaires. Poisson regression was
used to assess risk factors for wheeze.

Results 12 049 infants were recruited. Data from the
second year of life were available in 8805 (73.1%). The
prevalence of wheeze in the second year of life ranged
from <2% in Lodz (Poland) and Vilnius (Lithuania) to
13.1% (95% Cl 10.7% to 15.5%) in Southampton

(UK) and 17.2% (95% CI 15.0% 19.5%) in Reykjavik
(Iceland). In multivariable analysis, frequent lower
respiratory tract infections in the first and second years
of life (incidence rate ratio (IRR) 1.9 (95% Cl 1.3 t0 2.6)
and 2.5 (95% Cl 1.9 t03.4), respectively), postnatal
maternal smoking (IRR 1.6, 95% CI 1.1 to 2.4), day

care attendance (IRR 1.6, 95%Cl 1.1 to 2.5) and male
gender (IRR 1.3, 95% Cl 1.0 to 1.7) were associated with
wheeze. The strength of their association with wheeze
differed between countries. Food allergy and breast
feeding were not independently associated with wheeze.
Conclusion The prevalence of early childhood wheeze
varied considerably across Europe. Lower respiratory
tract infections, day care attendance, postnatal smoke
exposure and male gender are important risk factors.
Further research is needed to identify additional
modifiable risk factors that may differ between countries.

INTRODUCTION

Preschool wheeze affects approximately one-third of
children in the first 3 years of life placing a substan-
tial burden on healthcare resources."  Genetic
factors play a role in the aetiology of preschool
wheeze and asthma.® However, the Interna-
tional Study of Asthma and Allergies in Child-
hood (ISAAC) and European Community Health

What is the key question?

» How does the prevalence of early childhood
wheeze vary across Europe and what are the
key risk factors?

What is the bottom line?

» This study demonstrated that the prevalence
of early childhood wheeze varies considerably
across Europe and that lower respiratory tract
infections, postnatal maternal smoking, day
care attendance and male gender are important
risk factors.

Why read on?

» This is the first multicentre cohort study to
compare the prevalence of and explore risk
factors for early childhood wheeze across
Europe.

Respiratory Survey (ECHRS) recognised that envi-
ronmental factors are predominantly responsible
for geographical variations in the prevalence of
asthma. These studies examined international prev-
alence patterns of asthma symptoms in school-age
children and adults, respectively.** One study has
investigated preschool wheeze at age 4 years, but
this used data from 10 independent cohorts in eight
countries.® Further examining variations in prev-
alence rates of preschool wheeze within a single
multicentre cohort may provide new aetiological
clues.

Established risk factors for preschool wheeze
include male gender, a family history of allergic
disease, cigarette smoke exposure, respiratory
tract infections and day care attendance.* ® 7 ®
The role of breast feeding in the development of
allergic disease and asthma has been extensively
investigated with inconclusive findings.”*' Several
studies have reported that exclusive breast feeding
for at least 4months protects against childhood
wheezing.'* > However, others have suggested that
delaying the introduction of solids may increase the
risk."* ¥ Methodological differences may account

BM)

Selby A, et al. Thorax 2018;73:1049-1061. doi:10.1136/thoraxjnl-2016-209429

@ 1049

"1ybuAdoo Aq paroslold 1senb Aq 720z ‘0T |Mdy uo Jwoo fwg xeloyy/:dny wol) papeojumoq ‘8T0Z AN 0T U0 627602-9T0Z-|ulxeloyly9sTT 0T Se paysignd 1sii :xeloy L


http://crossmark.crossref.org/dialog/?doi=10.1136/thoraxjnl-2016-209429&domain=pdf&date_stamp=2018-010-13
http://dx.doi.org/10.1136/thoraxjnl-2018-211660 
http://dx.doi.org/10.1136/thoraxjnl-2018-211660 
https://www.brit-thoracic.org.uk
http://thorax.bmj.com
http://thorax.bmj.com/

Respiratory research

for discrepancies between studies. Therefore, large multicentre
studies would help to clarify the role of infant feeding practices
in the development of preschool wheeze. Another knowledge
gap that needs to be addressed is the relationship between food
allergy and preschool wheeze. Numerous studies have shown
that food allergy and asthma are closely linked.'® However, few
studies have investigated the relationship between food allergy
and preschool wheeze. In particular, studies using double-blind
placebo-controlled food challenges (DBPCFC) are lacking.

This study aimed to determine the prevalence of wheeze in
the first 2years of life across Europe. It further aimed to eval-
uate risk factors for wheeze, focusing on food allergy, infant
feeding and cigarette smoke exposure. We hypothesised that
early-onset food allergy increases the risk of early childhood
wheeze and that longer duration of breast feeding and increased
overlap between breast feeding and solids are protective. Many
other potential influences were considered, including exposure
to cigarette smoke during pregnancy and infancy, birth weight,
birth length and gestation.

METHODS

Study design

The EuroPrevall birth cohort was established between 2005 and
2010. The methodology and baseline characteristics have previ-
ously been reported.'” '*

Evaluation began at birth with follow-up of participants at
12 and 24 months using standardised questionnaires based on
those used in previous epidemiological studies such as ISAAC.
Questionnaires were administered via phone or in person by
trained personnel. Additional assessments, including skin prick
testing, measurement of specific IgE with or without a DBPCFC
were performed according to a standardised protocol whenever

parents reported symptoms suggestive of food allergy in their
children.'” ¥

Study population
Families were recruited antenatally and postnatally from
nine study centres: Reykjavik (Iceland), Southampton (UK),
Amsterdam (The Netherlands), Berlin (Germany), Lodz
(Poland), Vilnius (Lithuania), Madrid (Spain), Milan (Italy) and
Athens (Greece).!”

Inclusion criteria were a gestational age of at least 34 weeks and
a good condition at birth (Apgar score of at least 7 at 5 minutes).
Families unable to give informed consent and infants partici-
pating in other studies examining allergic disease were excluded.
Written informed consent was obtained from all parents.!” '

Follow-up questionnaires were not always completed at the
intended ages of 12 months and 24 months. Participants were
included in this analysis if data were collected between the
ages of 6 months and less than 18 months (1-year data) or 18
months and 30 months of age (2-year data).

Exposures

At recruitment, data were collected on birth details, maternal
diet, family history, maternal education (as a marker of socioeco-
nomic status) and environmental exposures, including cigarette
smoke and pet ownership.

The 12-month and 24-month questionnaires included an
extensive list of foods found in children’s diets. Parents were
asked if their child had tried each food and if so, when they
first tried it. Parents were also asked if their child had ever been
breast fed and, if so, for how long. Using these data, the age of

each child when solids were first introduced and the overlap (in
months) between breast feeding and solids was determined.

A number of dichotomous smoking variables were gener-
ated using data collected at baseline and 12 months. These are
described in appendix A, along with other baseline and follow-up
variables, which were assessed as potential risk factors. These
included day care attendance, respiratory tract infections and
eczema.

Food allergy was defined as a positive DBPCFC or clear history
of anaphylaxis to any food in the first 24 months of life. Chil-
dren with food allergy were subdivided into those with IgE-me-
diated and non-IgE-mediated food allergy. IgE-mediated food
allergy was defined as food allergy with a positive skin prick test
(=3 mm weal) or positive specific IgE (=0.35kU/L) at any time
during follow-up.

Outcomes

Wheeze in the second year of life was the primary outcome for
this analysis. Questions relating to wheeze included: ‘In the
last 12 months, has your child had wheezing or whistling in
the chest?” (12-month questionnaire) and ‘Between the ages of
13-24 months, has your child had wheezing or whistling in the
chest when they did not have a cold?’ (24-month questionnaire).
Children were defined as having wheeze in the second year of
life if parents answered yes to either of these questions within
the specified time range for 2-year data. A secondary analysis
comparing those with recurrent wheeze (wheeze in both the
first and second years of life) to a never wheezed group was
undertaken.

Statistical analysis

Statistical analysis was undertaken using STATA SE V.13. The
baseline characteristics and exposures of participants were
described for the whole cohort, separately for each centre and
those with and without wheeze in the second year of life. No
data were imputed. Differences between centres were exam-
ined, appropriate descriptive statistics were undertaken and
differences were compared using x> (dichotomous/categorical
variables), one-way analysis of variance (continuous, normally
distributed variables) or Kruskal-Wallis (continuous, non-nor-
mally distributed variables).

Poisson regression was used to identify risk factors for wheeze
in the second year of life. Variables associated with wheeze (P
value <0.1), food allergy and variables related to feeding and
cigarette smoke exposure were entered into a multivariable
model. A dummy variable for study centre (using Reykjavik as
the baseline centre) was included in the model to account for
heterogeneity between centres. Variables were not included if
they were explained by combinations of others, for example,
allergic disease and allergic rhinitis. Three alternative multivari-
able models were generated in a sensitivity analysis. Sensitivity
model one was derived by applying backward deletion to the
primary model; that is, variables were sequentially removed
(starting with the variable with the weakest association with
wheeze) until only those with a P value <0.05 remained in the
model. Sensitivity models two and three were similar to the
primary model and sensitivity model one, respectively, but did
not include study centre. Likelihood ratio tests were used to test
the goodness of fit of the multivariable models. Significant asso-
ciations from the primary model were entered into a separate
multivariable model to examine their importance in individual
centres.
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RESULTS

Participants

The EuroPrevall cohort included 12 049 infants. A total of
6189 (51.4%) were male. The baseline characteristics of partic-
ipants varied considerably between centres (table 1 and online
supplementary table $1)."® After excluding participants followed
up outside the specified age ranges for 1-year and 2-year data,
follow-up data were available in 8174 infants (67.8%) at 1year
and in 8805 infants (73.1%) at 2 years (figure 1). Follow-up rates
varied between centres (online supplementary table S2). The
baseline characteristics of those with 2-year data were similar to
those without (online supplementary table S3).

Prevalence of wheeze and potential risk factors

The prevalence of wheeze in the second year of life across all
centres was 7.8%0, ranging from 1.7% in Lodz to 17.2% in Reyk-
javik (table 2 and figure 2). Large differences in the prevalence of
recurrent wheeze were also seen, ranging from 0.3% in Vilnius
to 10% in Reykjavik (table 2).

Among children included in this analysis, the prevalence
of food allergy ranged from 0.1% in Athens to 3% in South-
ampton. The majority of cases of food allergy were IgE mediated
(table 3). The mean duration of breast feeding was 6.1 months
overall, ranging from 4.3 months in Athens to 8.5 months in
Reykjavik. The age at introduction of solids was similar across
Europe ranging from 5.0 months to 5.7 months. Maternal
smoking habits (during pregnancy and postnatally) also varied
considerably between centres (table 3).

Association of risk factors with wheeze in the second year of

life

Food allergy

21.5% of infants with food allergy had wheeze in the second
year of life compared with 7.6% of infants without. Although
food allergy was associated with wheeze in the second year of
life in univariate analysis (raw incidence rate ratio (IRR) 2.84,
95%CI 1.92 to 4.20, P<0.001) (table 4a), this association was
not consistent across centres (online supplementary table S6)
and was not significant after adjusting for potential confounders
(adjusted IRR 1.26, 95% CI 0.55 to 2.91, P 0.589) (table 4a).

Feeding practices

In univariate analysis, breast feeding, longer duration of
breast feeding and increased overlap of breast feeding/solids were
associated with a lower prevalence of wheeze in some centres
(online supplementary table S6). In the primary model, however,
none of these factors were statistically significant (table 4a).
Increased overlap of breast feeding/solids showed a small protec-
tive effect against wheeze (adjusted IRR 0.95, 95% CI 0.90 to
1.00) in sensitivity model one (table 4a).

Smoke exposure

Univariate analysis suggested that any maternal smoking
increases the risk of wheeze in the second year of life (raw
IRR 1.29, 95%CI 1.11 to 1.50, P 0.001), while having other
household smokers decreases the risk of wheeze (raw IRR 0.81,
95% CI 0.66 t0 0.98, P 0.033). However, neither of these factors
were independently associated with wheeze in the second year of
life (table 4a). Maternal smoking at 1-year follow-up was a statis-
tically significant risk factor for wheeze in multivariable analysis
(adjusted IRR 1.62, 95%CI 1.09 to 2.42, P 0.017) (table 4a).

Other potential risk factors

Other factors associated with wheeze in the second year of
life in univariate analysis included male gender, higher birth
weight, eczema, a family history of allergic disease, day care
attendance and frequent (=quarterly) respiratory tract infec-
tions. Dog ownership and longer birth length were associated
with a lower prevalence of wheeze (table 4b). In multivariable
analysis, only frequent lower respiratory tract infections (LRTIs)
in the second year of life (adjusted IRR 2.50, 95%CI 1.83 to
3.41,P<0.001), frequent LRTTs in the first year of life (adjusted
IRR 1.87, 95%CI 1.33 to 2.64, P<0.001), day care attendance
(adjusted IRR 1.63, 95%CI 1.08 to 2.45, P 0.020), maternal
smoking at 1-year follow-up (adjusted IRR 1.62, 95% CI 1.09
to 2.42, P 0.017) and male gender (adjusted IRR 1.33, 95% CI
1.03 to 1.70, P 0.027) were statistically significant risk factors
for wheeze (tables 4a and 4b). Male gender and frequent LRTIs
were also risk factors for recurrent wheeze, along with maternal
allergy and paternal asthma (online supplementary table S5).

Alternative models

When ‘study centre’ was removed from the primary model,
paternal allergy (adjusted IRR 1.36, 95%CI 1.01 to 1.83, P
0.004), frequent upper respiratory tract infections (URTIs) in
the first year of life (adjusted IRR 1.55, 95%CI 1.09 to 2.19, P
0.014) and frequent URTIs in the second year of life (adjusted
IRR 1.62, 95%CI 1.11 to 2.36, P 0.012) were identified as risk
factors for wheeze (online supplementary table S4).

The association between the risk factors identified by the
primary model and wheeze in the second year of life varied
between centres (table 5). In Southampton, for example, only
male gender (IRR 1.66, 95%CI 1.00 to 2.76, P 0.050) and
maternal smoking at 1-year follow-up (adjusted IRR 2.72,
95%CI 1.29 to 5.7, P 0.009) were statistically significant risk
factors for wheeze.

DISCUSSION

This study has demonstrated that the prevalence of parent-re-
ported wheeze in the first 2years of life varies considerably
across Europe with a broadly northwestern to southeastern
gradient. The strongest risk factors for wheeze were lower respi-
ratory tract infections, day care attendance, postnatal maternal
smoking and male gender. Many other potential risk/protective
factors including food allergy and breast feeding were evaluated.
None of these had a significant influence on the prevalence of
wheeze in the second year of life.

Wheeze prevalence

The prevalence of wheeze in the second year of life across all
centres was 7.8%. For the Netherlands, the estimated prev-
alence of wheeze (11%) was lower than in the Generation R
study. This estimated the prevalence of wheeze in Rotterdam
at 2 years to be 20%." Our estimates for Southampton (13%),
Berlin (12%) and Amsterdam (11%) were, however, similar to
the 129% estimate in the Pollution and Asthma Risk: an Infant
Study (PARIS) birth cohort.® Our study is the first multicentre
cohort study to assess the prevalence of early childhood wheeze
across Europe. The prevalence of wheeze in the second year
of life was nearly 10-times higher in Reykjavik and South-
ampton than in Lodz and Vilnius. In keeping with our findings,
the ISAAC study and ECRHS reported a high prevalence of
wheeze in Western Europe with lower prevalences in Eastern
and Southern Europe.*® Countries represented in EuroPrevall,
ISAAC and ECRHS included the UK, Germany, Italy, Spain and
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12049 infants enrolledinto
EuroPrevall cohort . . .
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Two-year questionnaire data A Data on wheeze available = § Tg
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Figure 1  EuroPrevall participants included in this analysis.
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Greece. Across these countries, the prevalence of self-reported Thle®w oo oo
wheeze/diagnosed current asthma (ECHRS) was highest in the = SIS - - B
UK and lowest in Greece in all three studies.”! ** This suggests
that common factors are driving early childhood wheeze and
asthma in later life. .8 SN 2
249 2 2 2
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Risk factors for early childhood wheeze e B g
The allergic march describes the progression from eczema in 8
early childhood to asthma and allergic rhinitis later on.”* ** The S §
role of food allergy in this is unclear’® though food allergy is /02 I 2 by
known to be associated with asthma at school age.25 A substan- N % < § - 5 o f g
tial number of children who wheeze in infancy later develop SEl=2 - o2 S
asthma.” ** Therefore, we hypothesised that food allergy is a . kS
risk factor for wheeze in the first 2years of life. Although food ~ [ E & B
allergy was significant in univariate analysis, when potential <2 s 9 2
confounders were considered, no association with wheeze was 30| § @ ; o E o
seen. According to the primary model, this was also true for mid Bald g
eczema. In keeping with our results, the Urban Environment and _ §
Childhood Asthma study reported no association between food £ 5 N & 5
allergy (diagnosed according to IgE levels =0.35and a history e S E = )
suggestive of food allergy) and wheeze in the first 2 years life,”’ 29 S %Moo 2
and in the Tuscon Children’s Respiratory Study, eczema was not abad R g
a risk factor for transient early wheezing.” A likely explanation - 2
for these findings is that early childhood wheeze is predomi- g TS 5 g
nantly driven by respiratory tract infections rather than atopy. _::Eu ES; S 3 % g
Indeed, LRTIs were associated with wheeze in all of the multi- 57|92 =3 oG S
variable models that we tested. AEIRY 2= ~o s
Day care attendance increases exposure to respiratory tract o _ g
infections.”® Therefore, as expected, this was associated with Ele | @8 & © B
wheeze in the second year of life. The PARIS and Prevention 3; aﬁ E ° % §
and Incidence of Asthma and Mite Allergy (PIAMA) birth = = T2 ; vl E y g
cohorts also found that early day care attendance is associated i Do £z
with increased wheeze before the age of 4 years.® 2 Several E = §§
studies have, however, reported a protective effect of day care s E_’ g S = e § s
attendance on asthma at school age,”~*! reflecting the fact that =3 g 2 e e g8
preschool wheeze and asthma are different entities. In a post Blzlles 2o =3 |g 8 z
hoc analysis, we investigated whether the relationship between @ % g E
day care and wheeze is influenced by age at entry to day care or f o g % =
the number of hours spent in day care in the first year of life. In @ = g g8
univariate analysis, entering day care later was associated with é s B E e f;:’
a lower risk of wheeze (IRR 0.98 (per month increase), P 0.26, E n = f §N§§
95% CI 0.97 to 1.00). However, neither age at entry to day care ° P = ‘© = g g
nor the number of hours spent in day care in the first year of life b= 5 % g (_% P
was significantly associated with wheeze in the second year of § Z & % z |gsg
life when included in the primary model. L 8 855 |28
Of the smoking variables evaluated, only maternal smoking = = = s :C% g - B ’_g 5
at 1-year follow-up was independently associated with wheeze ° é 2 % 2 2R g =
in the second year of life. Previous studies have demonstrated s £2 £ 282 g S
that maternal smoking during pregnancy is an independent risk = S = = - - -

Selby A, et al. Thorax 2018;73:1049-1061. doi:10.1136/thoraxjnl-2016-209429 1053

"1ybuAdoo Aq paroslold 1senb Aq 720z ‘0T |Mdy uo Jwoo fwg xeloyy/:dny wol) papeojumoq ‘8T0Z AN 0T U0 627602-9T0Z-|ulxeloyly9sTT 0T Se paysignd 1sii :xeloy L


http://thorax.bmj.com/

Respiratory research

s

* Reykjavik

Lithuania
@ Vilnius* (2%
*

Netherlands 2%

~ Kingdom % *
@ &  Amsterdam  Berlin Lodz
South \ g
— —
T %
«<>
5 italy 3%
Madrid Greece
; *

Figure 2 Map showing study centres and the prevalence of wheeze in
the second year of life in each centre (adapted from Keil et a/)."”

factor for wheeze in infancy.'” *** In this analysis, the number
of cigarettes smoked during pregnancy and the timing of smoke
exposure was not considered. This may account for the discrep-
ancy between our findings and those of other studies. Another
unexpected finding was that other household smokers were
associated with a lower risk of wheeze in univariate analysis.
However, once potential confounders were considered, there
was a non-significant trend for other household smokers to
increase the risk of wheeze.

Given breast milk contains antiviral antibodies, a protective
effect on early childhood wheeze is plausible.'! It has previously
been concluded that exclusive breast feeding for at least 4 months
reduces the risk of recurrent wheeze in childhood.’® ! However,
we found no association between breast feeding or breast feeding
duration and wheeze in the second year of life. This may be due
to the fact that the mean duration of breast feeding was more
than 4 months in all centres, making it more difficult to demon-
strate a protective effect. Nevertheless, when the relationship
between breast feeding duration and wheeze was analysed using
a categorical variable based on quartiles, the same effect was seen.
Increased overlap between breast feeding and solids showed a
small protective effect against wheeze in sensitivity model one.
Grimshaw et al previously demonstrated that concurrent feeding
with breast and cow’s milk reduces the risk of food allergy in
infancy,**while Snijders et al reported that delaying the intro-
duction of cow’s milk and solids increases the risk of eczema and
wheeze, respectively.'> A potential explanation for these findings
is that breast milk only has beneficial immunomodulatory effects
when the immune system is exposed to other dietary proteins.*®
Further research is needed to establish whether maximising the
duration of overlap between breast and complementary feeding
could help to prevent childhood wheeze.

Given that heterogeneity between centres in terms of
both baseline factors and potential risk factors for wheeze

was observed, the primary model and sensitivity model one
were adjusted for study centre. Study centre was significant
suggesting that unmeasured factors are operating in individual
centres. Furthermore, when significant associations from the
primary model were investigated by centre, their importance
varied. Confounding between centres and these variables
may partially explain differences between the unadjusted and
adjusted model estimates. Climatic differences may also be
important. For example, the colder climate in northern Europe
may predispose to more frequent respiratory tract infections
and hence wheeze.

Strengths and limitations

A potential limitation of any longitudinal study is loss to
follow-up. As outlined in online supplementary table S1,
follow-up varied between centres. The number of infants from
Milan with 1-year data was especially low because the dates
on which most participants’ 12-month questionnaires were
completed were not available. This made it impossible to deter-
mine the age of these infants at the time of data collection.
Overall, however, 2year’ data were available in over 70% of
participants, and the baseline characteristics of those with and
without 2year” data were similar.

At four centres, anonymous data on family history and educa-
tion were collected from 2320 parents who declined partic-
ipation. Parents who agreed to participate in the study had a
higher level of education and were more likely to have a history
of allergic diseases.’® %7 Given that paternal allergic disease and
maternal asthma were associated with wheeze in some models,
the prevalence of wheeze among infants in the EuroPrevall
cohort may be higher than in the general population.

Another important consideration is that wheeze prevalence
estimates were dependent on parents’ understanding of the term
wheeze.*® Similarly, some children with viral rashes may have
been wrongly classified as having eczema. This is suggested by
the fact that the prevalence of eczema in individual centres was
largely concordant with the prevalence of URTIs. To minimise
the potential for misunderstanding, study questionnaires were
translated from English into different languages and verified
with back translation. Furthermore, they were based on the
widely used ISAAC questionnaires, which have been validated in
many languages for assessing wheeze and asthma in school-age
children.* ** Recall bias is possible given that some question-
naires were completed 6 months after the period for which they
were intended to capture data.

Major strengths of this study are its size (allowing us to adjust
for multiple confounders) and the fact that diagnoses of food
allergy were confirmed by double-blind, placebo-controlled
challenges.

CONCLUSION

This birth cohort study provides unique data on the prevalence
of and risk factors for early childhood wheeze across Europe.
Early onset food allergy and infant feeding practices were not
associated with wheeze in second year of life. In keeping with
previous studies, lower respiratory tract infections, day care
attendance, maternal smoking in infancy and male gender were
identified as important risk factors. The relationship between
these and wheeze differed between centres, suggesting that
additional risk factors may be operating in individual coun-
tries. Further research is needed to identify these. Meanwhile,
preventing respiratory tract infections and minimising postnatal
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Table 5 Association of significant risk factors from primary model with wheeze in the second year of life by centre

Reykjavik Southampton  Amsterdam Berlin Lodz Vilnius Madrid Milan  Athens
n 829 494 569 1228 1084 1009 826
Male gender (vs female) 1.45 1.66 3.17 1.72 1.28 2.00 1.02 - -
(1.02 to 2.08) (1.00 to 2.76) (1.67t06.01) (0.84t01.63) (0.45t03.65) (0.74t05.32)  (0.46 t0 2.25)
(0.040) (0.050) (<0.001) (0.346) (0.643) (0.167) (0.966)
Mother smoking at 1-year 1.08 2.72 1.46 1.27 2.38 0.79 1.66 - -
follow-up (yes vs no) (0.64 to 1.83) (1.29t0 5.77) (0.75t02.86) (0.84t01.94) (0.75t07.55) (0.11t05.99)  (0.68 to 4.05)
(0.776) (0.009) (0.267) (0.258) (0.141) (0.823) (0.261)
Day care at any time in first ~ 1.30 1.16 1.7 1.67 1.91 3.66 0.69 - -
2 years of life (0.41t04.09) (0.69t01.95  (0.67t04.34) (1.01t02.77) (0.65t05.61) (1.47t09.13)  (0.31t0 1.53)
(yes vs no) (0.656) (0.570) (0.258) (0.047) (0.237) (0.005) (0.365)
LRTlIs in first year of life 1.83 1.85 233 1.30 2.48 24.9 2.42 - -
(=quarterly vs <one) (1.28 to 2.65) (0.82 t0 4.17) (0.56t09.63) (0.63t02.66) (0.32t019.18) (2.98 to 207.18) (0.86 to 6.80)
(0.001) (0.138) (0.243) (0.478) (0.384) (0.003) (0.093)
LRTIs in second year of life ~ 2.74 1.07 2.67 1.29 10.23 - 11.83 - -
(=quarterlyvs <one) (1.92 t0 3.92) (0.41 t0 2.75) (0.65t011.15)  (0.69t02.39)  (1.34t0 78.33) (4.27 t0 32.78)
(<0.001) (0.896) (0.174) (0.421) (0.025) (<0.001)

Values represent: adjusted incidence rate ratio (95% Cls) (P value)*.
Where no figures are entered, Poisson estimation was not possible.

*Only significant associations from the primary model (gender, mother smoking at 1-year follow-up, day care attendance and LRTIs in the first and second years of life) were

entered into the multivariable models for individual centres.
LRTIs, lower respiratory tract infections.

smoke exposure may help to reduce the burden of early child-
hood wheeze.
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