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Epidemiological Studies of Childhood Wheeze
Risk Factors and Long-term Outcome

Emma Goksor
Department of Paediatrics, Institute of Clinical Sciences,
Sahlgrenska Academy, University of Gothenburg

Wheezing with viral infections is common in childhood and both genetic and environ-
mental factors have been reported to influence the risk of subsequent asthma develop-
ment. The overall aim of this thesis was to study the factors influencing the risk of wheez-
ing at preschool age and the long-term outcome following severe wheezing in early life.

In a prospective study of 5,600 children born in the region of western Sweden in 2003
questionnaires were answered at six and 12 months and at 4.5 years of age. Data were
also obtained from the Swedish Medical Birth Register. Special reference was made to
the effects of prenatal paracetamol exposure, antibiotic treatment during the first week
of life and feeding strategies in infancy. Possible differences between multiple-trigger
and episodic viral wheeze were analysed.

In a prospective study of 101 children hospitalised due to wheezing bronchitis before
the age of two years, the long-term prognosis and factors influencing the risk of sub-
sequent asthma were explored. A re-investigation at 17-20 years of age included a
questionnaire and tests for allergy, bronchial hyper-responsiveness (BHR) and airway
function. The study group was compared with age-matched controls.

We were able to confirm known risk factors for recurrent wheeze at age 4.5 years, such
as atopic heredity, male gender, eczema and doctor-diagnosed food allergy in infancy.
In addition, neonatal antibiotic treatment increased the risk, while the introduction of
fish before nine months of age reduced the risk. Paracetamol exposure in utero in-
creased the risk of preschool wheeze treated with inhaled corticosteroids. The risk was
more pronounced among those with multiple-trigger wheeze.

An increased risk of asthma at age 17-20 years was seen in subjects with early viral
wheeze. Current allergy, BHR and active smoking increased the risk of current asthma.
In addition, female gender was an independent risk factor. Wheeze was more prevalent
among boys in early childhood, but more boys than girls became symptom free as they
grew up. Girls had more persistent asthma and relapsing symptoms during adolescence.

Signs of reduced airway function were seen in the study group and were most pro-
nounced among females with current asthma. However, a difference was also seen
among symptom free subjects. Prenatal smoke exposure was associated with reduced
airway function and independently increased the risk of BHR at 17-20 years of age.
On the other hand, postnatal smoke exposure was associated with becoming an active
smoker, which in turn increased the risk of current asthma.

In conclusion, paracetamol exposure during pregnancy and treatment with antibiot-
ics neonatally independently increased the risk of wheeze at age 4.5 years. The early
introduction of fish had a protective effect.

Individuals with severe viral wheeze in early life run an increased risk of asthma and
have signs of reduced airway function at age 17-20 years. The highest risk of asthma
is seen among those with current allergy or BHR and among females. Prenatal smoke
exposure increases the risk of subsequent BHR and asthma, while smoke exposure in
infancy and childhood increases the risk of becoming an active smoker.
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Introduction

Introduction

Wheezing in early childhood is common. In the salient American Tucson
Study, the prevalence of wheezing with a respiratory infection was 34% dur-
ing the first three years of life (Martinez et al. 1995). In Sweden, 20% report
wheezing and about 4% medicate with inhaled corticosteroids during infancy
(Alm et al. 2008). Wheezing is a heterogeneous disorder, with some children
becoming symptom free, while others develop allergies and asthma as they
grow up (Wennergren et al. 1997, Taussig et al. 2003, Piippo-Savolainen et
al. 2004). Over the past few decades, asthma and allergies have increased in
the western world (Anderson et al. 2007, Asher et al. 2006). Lately, a stagna-
tion in the increase in asthma prevalence has been reported (Anderson et al.
2007, Wennergren ef al. 2010). Huge efforts have been made to understand
the underlying causes of disease and which factors influence the occurrence.
Models predicting the prognosis for children with wheezing and hypotheses
about the underlying mechanisms have been presented. Heredity constitutes
a major risk factor for wheezing and subsequent asthma (Castro-Rodriguez et
al. 2000, Melén et al. 2004). Exposure during pregnancy, to tobacco smoke,
for example, maternal medication and dietary factors has been reported to play
important roles (Prescott 2010). Furthermore, it has been suggested that feed-
ing habits and environmental factors present during infancy affect the risk of
subsequent allergic disease (Bjorkstén 1999).

To explore risk factors of wheezing in early life, a birth cohort is being pro-
spectively followed in the “Children of Western Sweden” study. Alm et al.
have previously reported on factors affecting the risk of wheeze treated with
inhaled corticosteroids, ICS-treated wheeze, during infancy (Alm et al. 2008).
Treatment with antibiotics during the first week of life, male gender, preterm
birth and a family history of asthma or eczema increased the risk, while breast-
feeding had a protective effect. One objective of this thesis was to analyse the
prevalence of wheezing at age 4.5 years and the factors influencing the risk of
wheezing at preschool age, in the same birth cohort.

The majority of children with wheezing in early life will have transient symp-
toms, but some will develop persistent asthma as they grow up (Taussig et al.
2003). Therefore, the long-term prognosis and factors influencing the risk of
subsequent asthma are explored in a prospective study of children hospitalised
due to wheezing bronchitis before the age of two years (Wennergren et al. 1992).
In this study, Wennergren et al. report an increased risk of asthma at age five
and 10 years (Wennergren et al. 1992, Wennergren et al. 1997). Another objec-
tive of this thesis was to analyse the prevalence of asthma at age 17-20 years and
the factors influencing the risk of subsequent disease in the same cohort.
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Introduction

Wheezing and asthma: definitions

Wheezing can be described as a high-pitched sound, characteristic of intra-
thoracic obstruction usually caused by turbulent flow in narrow airways (Watts
and Goodman 2007). Airway obstruction is a common symptom of lower re-
spiratory viral infection, but can also be triggered by other factors such as aller-
gic inflammation or exercise. Children with wheezing run an increased risk of
developing asthma and allergies, but not all children who wheeze have asthma.
In the many studies exploring the risk of wheeze and asthma, the frequency
and sometimes severity of wheezing symptoms differ, which might affect the
results and conclusions of the studies.

“Any wheeze” can be considered to be too unspecific to define children with
asthma, at least in questionnaire-based studies. Recurrent wheeze has been
used to identify children with more severe symptoms as a proxy for asthma
(Castro-Rodriguez et al. 2000, Lannerd et al. 2006, Simoes et al. 2007, Bea-
sley et al. 2008). However, the number of episodes required varies between
studies. In the Tucson Study, as well as in a study by Sonnappa et al., four
or more episodes during the last year are considered to be a proxy for asthma
(Castro-Rodriguez et al. 2000, Sonnappa et al. 2010), while Simoes et al. con-
sider three or more episodes to be enough (Simoes ef al. 2007). Others con-
sider three to four episodes or more during the first two to three years of life to
define recurrent wheeze (Thomas et al. 2006, Kummeling et al. 2007).

In several studies, doctor-diagnosed asthma is used instead of recurrent
wheeze. This can either be an actual doctor diagnosis during a clinical exami-
nation by a physician as part of the study or, as in many questionnaire-based
cohort studies, a parental report of doctor-diagnosed asthma (Lannerd et al.
2006, Shaheen et al. 2005). In addition, a report of medication with inhaled
corticosteroids during the past 12 months can be regarded as a proxy for doc-
tor-diagnosed asthma, since these children have been evaluated by a physician
as being in need of asthma treatment (Alm et al. 2008). In some studies, both
recurrent wheezing and wheezing treated with inhaled corticosteroids are used
to define asthma. For example, in the re-investigation at four years of age in
the BAMSE Study, asthma is defined as four or more wheezing episodes dur-
ing the last year or at least one episode of wheezing and treatment with inhaled
corticosteroids (Kull ez al. 2004).

It has been suggested that these differences in definition explain the divergent

results relating to the impact of risk factors and prognosis seen in different
studies (Kang et al. 2009)
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Introduction

Wheezing phenotypes

Several attempts have been made to classify children with wheeze in order
to better identify groups with different underlying pathophysiological mecha-
nisms and children at risk of subsequent disease. For example, symptom pat-
terns over time, trigger factors and risk factors present in early life have been
used for different classifications (Castro-Rodriguez et al. 2000, Taussig et al.
2003, Brand et al. 2008, Piippo-Savolainen and Korppi 2008).

Transient and persistent wheezing

In the Tucson Study, a classification into transient wheeze (wheezing before
the age of three years but not at six years of age), persistent wheeze (wheez-
ing both before three years and at six years of age) and late-onset wheeze (no
wheezing before the age of three, but wheezing at six years of age) has been
suggested (Taussig et al. 2003). Differences in airway function, IgE levels and
the prevalence of allergic heredity have been demonstrated between the groups
(Taussig et al. 2003).

Transient wheezing was the most common syndrome, seen in more than 80
per cent of the infant wheezers. Heredity for asthma or other features associ-
ated with allergic disease, such as atopic dermatitis, eosinophilia or high IgE
levels, were no more evident in transient wheezers than in children who had
never wheezed (Martinez et al. 1995, Taussig et al. 2003). However, the chil-
dren with a transient wheeze had reduced airway function (maximum flow at
functional residual capacity, V_FRC) already in infancy and, even though
their airway function improved during childhood, it did not reach the levels
of never wheezers (Martinez et al. 1995). Transient wheezers did not have
any increased risk of wheezing in adolescence, but it has been speculated that
these children might run an increased risk of Chronic Obstructive Pulmonary
Disease (COPD) as adults (Taussig et al. 2003).

The children in the Tucson Study with wheezing at six years of age were clas-
sified into non-atopic and atopic wheezers.

The children with non-atopic wheeze at age six had persistent wheezing with
an onset before the age of three years. The atopic wheezers presented as early
persistent wheezers, with an onset before the age of three, or late wheezers,
with an onset after the age of three years. Early persistent atopic wheezers and
late atopic wheezers had the same prevalence of sensitisation at six years of
age, but early persistent wheezers were found to have higher IgE and a reduced
V__ FRC at age six and 11. Early onset thus indicated a poorer prognosis,
with more severe disease and affected airway function (Martinez et al. 1995,
Taussig et al. 2003).
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Introduction

Episodic viral wheeze and multiple-trigger wheeze

In a report from The European Respiratory Society (ERS) task force in 2008,
the definitions based on duration of wheeze (transient, persistent and late-onset
wheeze) were suggested to be of less importance when predicting the long-
term outcome in a clinical setting, since the definitions are made retrospec-
tively. Instead, a classification based on the temporal pattern of symptoms was
suggested (Brand et al. 2008). Children with intermittent wheezing only in
response to viral infections, with no wheezing in between, were classified as
having episodic viral wheeze (EVW). Children with wheezing also between
viral infections in response to other trigger factors such as allergens and exer-
cise were classified as having multiple-trigger wheeze (MTW). The response
to treatment is believed to differ between the two groups, with MTW being
more susceptible to long-term treatment with inhaled corticosteroids. EVW
is suggested to be transient with less risk of subsequent asthma, while MTW
is believed to reflect chronic airway inflammation with an increased risk of
developing allergic asthma (Brand et al. 2008). Airway function abnormali-
ties, especially in the conductive airways, have been reported in children with
MTW compared with those with EVW, independent of current symptoms or
atopic status. Furthermore, children with MTW were more frequently treated
with inhaled corticosteroids and had more exacerbations than children with
EVW. In addition, they had a higher fraction of exhaled nitric oxide (FENO)
than healthy control subjects. To summarise, these findings support the more
persistent and allergic nature of MTW (Sonnappa et al. 2010).

However, the classification is often dependent on retrospective reports from
the parents and patients have also been reported to move from one phenotype
to another over time (Schultz ef al. 2010). In addition, the differences seen in
clinical features may be obvious when comparing groups but not when classi-
fying individual patients (Sonnappa et al. 2010). Furthermore, the phenotypes
have been suggested to reflect the severity and frequency of wheeze rather
than different pathophysiological mechanisms, with MTW representing more
severe disease, more susceptible to external exposure and thus triggered more
frequently than the milder EVW (Garcia-Marcos et al. 2010).

The discussion on how to best classify the clinical types of asthma is ongoing.
Recently, the term asthma endotypes was suggested to describe subtypes of
asthma with different phenotypes and distinct pathophysiological mechanisms
(Lotvall et al. 2011).
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Cohort studies exploring asthma and allergy development
Birth cohorts

There are several prospective birth cohort studies exploring the development
and prevalence of asthma and allergy in childhood.

The Tucson Study is a population-based un-selected birth cohort initially com-
prising 1,246 children followed into adulthood. Detailed questionnaires, blood
samples and airway function were obtained in infancy. During the first three
years of life, data were obtained during respiratory infections. Re-investiga-
tions were made throughout childhood and adolescence with the skin prick
test (SPT), airway function measurements, questionnaires and blood samples.
The study has identified different wheezing disorders in early life, developed
the Asthma Predictive Index (API), described the outcome after early RSV-
induced wheezing and reported on numerous risk factors for both early and
persistent asthma and atopy (Taussig et al. 2003).

The National Child Development Study is a British National birth cohort of
17,414 children born in 1958. Information is available from the perinatal peri-
od and re-investigations made between age seven and 23 years. The incidence
of and the risk factors for asthma and other allergic manifestations have been
studied (Anderson et al. 1992).

The Dunedin Multidisciplinary Health and Development Study is a birth co-
hort initially made up of 1,037 individuals born in 1972 and 1973 in Dunedin,
New Zealand. Re-investigations were performed every second year between
age three to 15 years and then at age 18, 21 and 26 years. Questionnaires were
distributed and assessments of airway function, BHR, reversibility and atopic
sensitisation were performed from nine years of age (Sears et al. 2003).

In the Avon Longitudinal Study of Parents and Children (ALSPAC), almost
14,000 children enrolled during early pregnancy were also followed by ques-
tionnaires and from school age with annual clinical examinations. Detailed data
on both parents were collected before the child was born and DNA from both
children and parents has been collected. The study aims to continue through
puberty (Shaheen et al. 2005, Shaheen et al. 2010).

The Swedish BAMSE Study is a prospective, longitudinal study of a birth
cohort born between 1994 and 1996. More than four thousand eligible study
subjects were identified at three months of age and have been followed with
questionnaires and clinical examinations while growing up. The aim of the
study is to identify risk factors for asthma and other allergic disease in child-
hood.
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Interesting results have been reported in areas such as smoking during preg-
nancy, dietary factors, breast-feeding and gender differences (Kull et al. 2004,
Melén et al. 2004, Kull et al. 2006, Lannerd et al. 2006, Lannerd et al. 2008,
Kull et al. 2010).

The Swedish prospective, longitudinal Children of Western Sweden Study is a
birth cohort of more than four thousand children born in 2003 in the region of
Western Sweden and investigated at age six and 12 months and 4.5 years. The
prevalence of and factors influencing the risk of wheeze and allergic manifes-
tations in infancy and at preschool age have been reported (Alm et al. 2008,
Alm et al. 2009, Alm et al. 2011).

The Isle of Wight Study is a birth cohort of about 1,500 children enrolled at
birth and re-investigated with questionnaires up to school age. Cord blood IgE
was collected at birth and an SPT was performed at age four years. The natural
history of childhood asthma and the risk factors associated with the develop-
ment of asthma are studied (Kurukulaaratchy et al. 2003).

In the Perth infant asthma follow-up study, 253 infants were recruited from a
full-term normal population. Airway function and airway responsiveness were
evaluated in infancy at one month of age. Re-investigations were performed at
six and 12 years of age to evaluate the impact of early infant airway function
(Le Souéf et al. 2002).

The Dutch KOALA Study is a birth cohort study consisting of one “conven-
tional subcohort” (n=2,343) of the children of mothers recruited during preg-
nancy when they were enrolled in another study of pelvic girdle pain. In addi-
tion, 491 children of mothers with an “alternative” lifestyle (anthroposophic,
homeopathy users and so on) were included. Re-investigations with question-
naires were performed during infancy, preschool and school age. In addition,
blood samples for total and specific IgE were collected at two years of age and
airway function was assessed at school age (Kummeling et al. 2007, Noten-
boom et al. 2011).

Some of the studies focus primarily on high-risk children, with heredity for
asthma or allergy. For example, the German Multicentre Allergy Study (MAS)
is a birth cohort of 1,314 healthy, mature infants followed frequently during
the first two years of life and then once every year until age 13. One third of
the children included had risk factors for atopy (elevated cord blood IgE and/
or two atopic family members) (I1li ef al. 2004, Illi et al. 2006). In addition, the
Childhood Origins of Asthma (COAST) Study consists of 287 children with
an increased risk of developing asthma, with at least one parent having allergy
and/or asthma. The study aims to evaluate the influence of the dysregulation of
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the cytokine response present at birth and the effect of lower respiratory tract
viral infections on the risk of subsequent asthma. The children are therefore
followed closely with clinical examinations, sampling of blood and assessment
of airway function. Outcome at six and eight years of age has been published
(Lemanske et al. 2005, Jackson et al. 2008, Zhang et al. 2010).

In addition, some of these studies include interventions, studying possible ef-
fects on asthma and allergy outcomes.

In the National Asthma Campaign Manchester Asthma and Allergy Study
(MAAS), over one thousand children were recruited prenatally and divided into
different risk groups depending on the atopic status of their parents and whether
pets were kept at home. The high-risk infants were randomly assigned to a mite-
allergen avoidance programme. In addition, data were collected prenatally, cord
blood samples are available and airway function measurements have been per-
formed in early life (3 years) (Murray et al. 2004, Thomas ef al. 2006).

In the Childhood Asthma Prevention Study (CAPS), the effectiveness of avoid-
ing house dust mites and of modifying the fat composition of the diet during
the first five years of life in an initial group of 616 high-risk children is being
studied (Almqvist et al. 2007, Almqvist et al. 2010). The outcome at eight
years was recently reported (Toelle ef al. 2010).

In the Prevention and Incidence of Asthma and Mite Allergy (PIAMA) Study,
855 children born to allergic mothers were enrolled in a trial evaluating the
effect of mite-reducing measures in the home. In addition, 3,291 children born
to both allergic and non-allergic mothers were enrolled in a so-called “natural
history” study to assess the role of dietary and environmental factors in child-
hood allergy (Caudri ef al. 2009, Scholtens et al. 2009).

Cross-sectional studies

There are also cross-sectional studies analysing the prevalence of asthma and
allergy and associations with possible risk factors.

The large multi-centre (20 countries) ISAAC Study is based on questionnaires
and clinical examinations with SPT and focuses on different outcomes of asth-
ma and allergies in childhood. The study is being conducted in three phases.
Phase 1 assesses the prevalence and severity of asthma and allergic disease.
Phase 2 focuses on identifying aetiological factors and phase 3 is a repetition
of phase 1 after at least three years. The age groups of 6-7 years, 8-12 years
and 13-14 years of age have been studied (Asher et al. 2006, Tabak et al. 2006,
Beasley et al. 2008, Nagel et al. 2009, Flohr et al. 2011).

17



Introduction

The West Sweden Asthma Study is a questionnaire-based survey of asthma and
respiratory symptoms in adults aged 16-75 years. A random sample of 30,000
of the inhabitants of the western region of Sweden was included and the preva-
lence of asthma and respiratory symptoms and risk factors relating to those
outcomes were analysed (Eriksson et al. 2010, Wennergren et al. 2010).

The Obstructive Lung Disease in Northern Sweden (OLIN) longitudinal pae-
diatric study started in 1996 and included a cohort of 3,430 schoolchildren
aged seven to eight years. Questionnaires were distributed at inclusion and
annually until age 19 years. SPT was performed at inclusion and at age 11-12
and 19 years. Blood samples and tests for airway function and BHR have been
performed in subsamples of the cohort (RGnmark et al. 2008). The study was
repeated in 2006 with a new cohort aged seven to eight years (n=2,585), rein-
vestigated with questionnaires and SPT in 2010 (Andersson et al. 2010). The
study aims to longitudinally study the development and incidence of asthma
and allergy in children.

Prospective studies of virus-induced bronchiolitis or
obstructive bronchitis

The long-term outcome after early wheezing has been studied in follow-up
studies of children with severe obstructive disease in early life, i.e. children
admitted to hospital due to virus-induced bronchiolitis or obstructive bron-
chitis in infancy. There are four Nordic follow-up studies, with two Finnish
studies from Koupio started by Korppi and two Swedish studies started by
Wennergren and Sigurs respectively (Korppi ef al. 1986, Wennergren et al.
1992, Sigurs et al. 1995, Wennergren et al. 1997, Reijonen et al. 2000, Sigurs
et al. 2000, Kotaniemi-Syrjdnen ef al. 2003a, Kotaniemi-Syrjanen et al. 2003b,
Piippo-Savolainen et al. 2004, Hyvirinen ef al. 2005a, Hyvirinen et al. 2005b,
Sigurs et al. 2005, Routsalainen et al. 2010, Sigurs ef al. 2010). Re-investiga-
tions have been made up to adolescence and adulthood. Procedures relating to
the four follow-up studies are summarised in Table 1.

Definitions

Airway obstruction with wheezing is a common symptom of lower respiratory
viral infection. Acute bronchiolitis has been described as a viral respiratory
infection associated with bronchial obstruction, oedema and mucus, causing
crepitations with or without wheezing on auscultation (Court 1973, Watts and
Goodman 2007). The disease can become severe with hypoxia and hypercap-
nia requiring hospital care. Bronchitis is defined as a non-specific bronchial in-
flammation, with acute bronchitis being caused by a viral infection, sometimes
associated with wheeze (Court 1973, Watts and Goodman 2007).
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However, both bronchiolitis and bronchitis are used in different studies to de-
fine infants or older children with wheezing during respiratory infection. Most
commonly, bronchiolitis is defined as wheezing during viral respiratory infec-
tions in children aged less than two years (Wennergren ef al. 1992, Reijonen et
al. 2000 ). However, in some studies, it has been suggested that bronchiolitis
should only be considered in connection with viral wheeze before the age of
12 months or only respiratory infections caused by RSV (Sigurs et al. 1995,
Schauer et al. 2002).

Others have defined wheezing with a viral respiratory infection as wheezing
bronchitis, independent of age or viral agent (Wennergren et al. 1997, Thom-
sen et al. 2000). As a result, both definitions are used for children with viral
wheeze (Court 1973, Elphick et al. 2007). In the follow-up studies described
below, children with severe viral wheeze requiring hospitalisation are consid-
ered in all four studies, but somewhat different terminology is used.

Finnish post-bronchiolitis study

In the post-bronchiolitis study by the Korppi group, 130 children hospitalised
due to wheezing bronchiolitis or pneumonia before the age of two years were
followed until adulthood and compared with a control group (Korppi et al.
1986, Piippo-Savolainen et al. 2004, Hyvérinen et al. 2005a, Routsalainen et
al. 2010).

An increased risk of asthma was seen in the bronchiolitis group in childhood
and in adulthood. In the follow-up at age 18-20 years, the prevalence of doctor-
diagnosed asthma was 30%, while at 27 years it was 20% among the children
with early bronchiolitis. When self-reported symptoms of asthma were also in-
cluded, the prevalence was 41% both in adolescence and in adulthood (Piippo-
Savolainen et al. 2004, Routsalainen et al. 2010). In addition, individuals with
early bronchiolitis had a reduction in airway function at age 18-20 compared
with controls. Current atopy in late adolescence was associated with current
asthma and BHR (Piippo-Savolainen ef al. 2004). Furthermore, children with
atopic dermatitis or elevated total serum IgE before the age of two years had
more asthma in adolescence (Piippo-Savolainen et al. 2006).

Early predictive factors of asthma at age 18-20 years were parental asthma,
early signs of atopy, early repeated wheezing and wheezing during non-RSV
infection. In addition, reduced airway function in adulthood was seen in chil-
dren exposed to tobacco smoke in early life (Piippo-Savolainen 2006).
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Finnish viral wheezing study

The other prospective Finnish cohort study from the Korppi group has fol-
lowed 100 children hospitalised due to viral wheezing before two years of age.
The children have been re-investigated at 18 months and at four, six and 12
years of age (Reijonen et al. 2000, Kotaniemi-Syrjinen et al. 2003a, Kotanie-
mi-Syrjadnen et al. 2003b, Hyvérinen et al. 2005b).

At 12 years, 40% had current asthma and 36% were using inhaled asthma med-
ication (Hyvérinen et al. 2005b). Twenty-five per cent had persistent asthma
from infancy to 12 years of age, with asthma on all re-investigations (Hyvérin-
en 2009). Subjects with teenage asthma had signs of reduced airway function
(Hyviérinen et al. 2007).

Atopic eczema and sensitisation to inhalant allergens in infancy predicted teen-
age asthma (Hyvérinen et al. 2005b). Furthermore, an association was seen
between maternal smoking during pregnancy and current bronchial hyper-re-
sponsiveness (BHR) (Hyvirinen et al. 2007).

At admission, one third of the cases were caused by RSV and another third
by rhinovirus. As it turned out, having a rhinovirus infection at first admis-
sion was associated with elevated eosinophilic markers and atopic dermatitis
in infancy. In addition, teenage asthma and atopy was more common among
children with rhinovirus infection than with RSV infection at admission, but
the rhinovirus infection was not an independent predictor of teenage asthma.
Wheezing with rhinovirus infection was therefore regarded as a marker for
those children predisposed to persistent wheeze with early allergic disease, air-
way inflammation and possibly affected airway function in infancy (Hyvérinen
et al. 2005b, Hyvérinen 2009).

Wheezing bronchitis follow-up

In the Swedish prospective study by Wennergren et al., 101 children hospital-
ised due to wheezing bronchitis before two years of age were re-investigated
at preschool age and at 10 years of age (Wennergren et al. 1992, Wennergren
et al. 1997). At admission, two thirds were boys and 58% of the study group
had a family history of atopic disease. RSV was the most common cause of
infection (Wennergren et al. 1992).

At preschool age, the children were re-investigated with questionnaires, clini-
cal examination and allergy testing. More than half the study group was symp-
tom free, while 47% reported persistent wheezing. One third of the symptom-
atic children were considered to have moderate to severe asthma. The most
common trigger factor of preschool wheeze was respiratory infection (93%).
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In about 50%, cold weather and exercise were reported to be trigger factors.
Only about 15% reported pollen or furry animals as trigger factors. The predic-
tive factors for having a persistent wheeze at preschool age were intense dis-
ease in early childhood (the need for daily medication for at least six months),
early age at first wheezing episode and at admission and past or present atopic
symptoms (Wennergren et al. 1992).

When reinvestigated at 10 years of age with questionnaires, clinical examina-
tion and allergy and airway function testing, current asthma was found in 30%.
One third of the symptomatic children still had moderate to severe asthma.
The predictive factors for persistent asthma at 10 years of age were intense dis-
ease in early childhood, early age at first wheezing episode and recent atopic
symptoms. In addition, BHR (with a positive histamine challenge) at 10 years
and exposure to tobacco smoke at home in infancy were associated with an
increased risk of school age asthma (Wennergren ef al. 1997).

Swedish post-RSV study

In the Swedish study by Sigurs et al., 47 children hospitalised due to severe
RSV bronchiolitis before the age of one year were followed to early adulthood.
The prevalence of asthma and allergy was monitored and compared with a
control group matched for age and gender. An increased prevalence of asthma,
recurrent wheeze and allergic sensitisation compared with the controls was
shown at age three, seven and 13 years (Sigurs et al. 1995, Sigurs et al. 2000,
Sigurs et al. 2005).

At the re-investigation at seven years of age, children with wheezing due to
RSV infection had more atopic asthma and more clinical symptoms of and
sensitisation to inhaled allergens. Moreover, parental asthma, male gender and
furry animals indoors increased the risk of any wheeze at age seven. Parental
atopy independently increased the risk of atopic sensitisation. Having furry
animals indoors was protective for sensitisation in the univariate but not the
multivariate analyses (Sigurs et al. 2000).

At the re-investigation at age 13, the risk of asthma, recurrent wheeze or sen-
sitisation to inhaled allergens was independently increased by early RSV-in-
duced wheeze and parental asthma. Eighty per cent of the children with early
severe RSV-induced wheeze who had asthma at 13 years of age also had cur-
rent allergic sensitisation. Signs of reduced airway function were seen in the
children with early RSV-induced wheeze (Sigurs ef al. 2005).

Recently, the follow-up at 18 years confirmed the increased risk of asthma,
clinical allergy and sensitisation. Reduced airway function at 18 years of age
was found in the children with early RSV infection, regardless of current asth-
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ma or allergy. Early severe RSV-induced wheeze and current allergic rhino-
conjunctivitis (ARC) were found to be independent risk factors for asthma and
recurrent wheeze at 18 years of age (Sigurs ef al. 2010).

Predicting persistent asthma
Asthma Predictive Index, API

As previously stated, not all children who wheeze in early childhood will go on
to develop asthma. Castro-Rodriguez et al. from the Tucson Study have pro-
posed the Asthma Predictive Index (API), which predicts asthma at school age
in children with a recurrent wheeze some time during the first three years of
life (Table 2). The API consists of two major and three minor criteria of which
at least one major or two minor are required for a positive asthma predictive
index. The two major criteria are doctor-diagnosed parental asthma or doctor-
diagnosed eczema in the child. The minor criteria are doctor-diagnosed aller-
gic rhinitis, wheezing between colds and the presence of eosinophilia (Castro-
Rodriguez et al. 2000).

Despite having low sensitivity of 22%, this index has a high negative predic-
tive value, identifying children with a high likelihood of transient wheeze. The
index has been used in clinical settings recommending treatment on the basis
of a positive or negative index for example in the GINA and American Guide-
lines (Castro-Rodriguez 2011). A modified index, including allergic sensitisa-
tion to one or more aeroallergens as a major criterion and exchanging allergic
rhinitis for allergic sensitisation to milk, eggs or peanuts as a minor criterion,
has been suggested (Guilbert et al. 2004). However, it has been argued that
sensitisation has less predictive value compared with eosinophilia in several
studies and also that it is less reliable and more expensive in a clinical setting
(Castro-Rodriguez 2011).

Isle of Wight and PIAMA indices

Other studies have proposed different predictive indices (Table 2). For ex-
ample, in the Isle of Wight birth cohort, four predictive factors were suggested,
i.e. a family history of asthma, recurrent chest infections in the second year of
life, atopic sensitisation at four years of age and the absence of recurrent nasal
symptoms in the first year of life (Kurukulaaratchy ez al. 2003). In addition, the
PIAMA birth cohort identified predictors of asthma at school age in children
with wheezing or coughing at night before the age of four. Male gender, post-
term delivery, parental education, inhaled medication, wheezing frequency,
wheezing or dyspnea apart from colds, respiratory tract infections and eczema
were found independently to predict asthma (Caudri et al. 2009).
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Table 2. Predictive indices for asthma development among children with wheezing disorder
in early life.

Asthma Predictive Index (API) from the Tucson Study

Major criteria

Doctor-diagnosed parental asthma
Doctor-diagnosed eczema in child

Minor criteria

Doctor-diagnosed allergic rhinitis in child
Wheezing in between colds
Eosinophilia

*One major or two minor criteria required for positive index

Modified Asthma Predictive Index (API)

Major criteria

Doctor-diagnosed parental asthma
Doctor-diagnosed eczema in child
Sensitisation to aeroallergens

Minor criteria

Allergic sensitisation to milk, eggs or peanuts
Wheezing in between colds
Eosinophilia

Hospital Asthma Predictive Index from the Korppi group

Major criteria

Doctor-diagnosed parental asthma
Doctor-diagnosed eczema and/or food allergy in child
Parental (especially maternal) smoking

Minor criteria

Sensitisation to aeroallergens
Wheezing due to non-RSV infection
Eosinophilia or lack of eosinophilic response during viral infection

Predictive Index from the Isle of Wight Study

Family history of asthma

Recurrent chest infections in second year of life
Atopic sensitisation at age 4 years

Absence of recurrent nasal symptoms first year

Predictive Index from the PIAMA Study

Male gender

Post-term delivery

Parental education

Inhaled medication

Wheezing frequency

Wheezing or dyspnea apart from colds
Respiratory tract infections

Eczema
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Hospital API for severe viral wheeze

Based on the findings in the Korppi group, a further modified API applicable to
children hospitalised due to viral wheeze in early life has been proposed, (Table
2). The major criteria are doctor-diagnosed parental asthma, doctor-diagnosed
atopic dermatitis and/or food allergy in the child and parental (especially mater-
nal) smoking. The minor criteria are sensitisation to inhaled allergens, wheezing
due to non-RSV infection and eosinophilia or a lack of eosinophilic response
during viral infection. As in the API from the Tucson Study, one major or two
minor criteria are required for a positive index (Piippo-Savolainen and Korppi
2008).

Identifying risk factors and protective factors

To better understand the underlying pathophysiological mechanisms and iden-
tify possible preventive interventions, studies of risk factors and protective fac-
tors for the development of wheeze and asthma have been performed. Several
factors have been identified, but their individual impact on asthma develop-
ment has sometimes been the subject of debate. Interaction between different
factors has been suggested and recently the importance of genetic interaction
(different genotypes being differently susceptible to different factors) has been
highlighted (Gilliland et al. 2002, Melén et al. 2004, Eder et al. 2004).

A description of the impact and suggested mechanisms of the most discussed
factors follows below.

Viral infections
Triggers of wheeze

The most common trigger of obstructive symptoms, i.e. wheezing in early
childhood, is a viral infection (Heymann et al. 2004). RSV is the most preva-
lent virus associated with severe wheezing in the first year of life (Jartti et al.
2004). In temperate climates, it peaks during the winter months, causing more
than 60% of wheezing episodes in infants (Jartti et al. 2004). Eventually, all
children have been affected by RSV at the age of three years (Ogra 2004).
Infants aged less than six months, premature infants and infants with chronic
diseases like BPD, heart disease or immunodeficiency run an increased risk of
severe disease (Ogra 2004). However, other viruses have also been identified
as triggers of obstructive disease in infants: rhinovirus, enterovirus, adeno-
virus, coronavirus, metapneumovirus, bocavirus, influenza and parainfluenza
virus (Korppi et al. 1986, Wennergren et al. 1992, Jartti et al. 2004, Hyvérinen
2009). Rhinovirus has been reported to be the most common cause of wheeze
in older children and adults, but it also causes wheeze in infants (Heymann et
al. 2004, Jartti et al. 2004, Busse et al. 2010).
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The most recent addition to viruses associated with wheezing is the bocavirus.
It has been reported to present with respiratory symptoms, most commonly in
children aged less than three years. Allander ef al. found bocavirus in 19% of
wheezing children, but a high incidence of co-infections with other viruses has
also been reported (Allander et al. 2007).

Increased risk of asthma

An increased prevalence of wheeze and asthma has been reported following
virus-induced wheezing in early life. In the post-bronchiolitis study from the
Korppi group, an increased risk of asthma has been reported until the age of
27 years (Piippo-Savolainen et al. 2004, Routsalainen et al. 2010). Likewise,
Sigurs et al. report an increased risk of asthma, recurrent wheeze and allergic
sensitisation during childhood and early adulthood following hospitalisation
due to RSV bronchiolitis during the first year of life (Sigurs et al. 2000, Sig-
urs et al. 2005, Sigurs et al. 2010). In the Tucson Study, an increased risk of
wheeze up to age 11 but not at age 13 is reported following early lower respira-
tory tract illness due to RSV, where more than 90% experienced wheezing. No
association was seen with atopic disease (Stein et al. 1999a).

It has been suggested that wheezing due to infection with rhinovirus during
infancy increases the risk of subsequent asthma more than wheezing as a result
of RSV infection (Kotaniemi-Syrjinen et al. 2003b, Hyvérinen et al. 2005b,
Lemanske ef al. 2005). In the Finnish study by the Korppi group, an increased
risk of asthma during teenage following hospitalisation due to severe wheez-
ing in early life was seen. The risk of asthma was about five times higher if
the wheezing was caused by RSV, but it was 10 times higher if the wheezing
was caused by rhinovirus (Hyvérinen et al. 2005b). This was confirmed in the
COAST high-risk cohort, where wheezing caused by rhinovirus during infancy
was the strongest predictor of wheezing at three years of age (Lemanske et al.
2005). In addition, an increased risk of asthma at six years was seen following
early RSV-induced wheeze, but the risk was even higher when the wheeze was
caused by rhinovirus infection, independent of atopic sensitisation (Jackson et
al. 2008). Wennergren ef al. report an increased asthma risk at age five and 10
years in children hospitalised due to wheezing bronchitis, irrespective of the
virus that caused the infection at admission (Wennergren et al. 1992, Wenner-
gren et al. 1997).

Age at infection and viral load

The age when infected might be of importance and it appears as if the effect of
the viral infection might differ if the infection does or does not occur during a
vulnerable phase of immunological development. For example, in the study by
Sigurs et al., almost all the subjects in the cohort were severely infected before
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the age of six months (Sigurs et al. 1995). The immune response to viral infec-
tion has been reported to change over time. Kristjansson et al. report a T-helper
cell type 2-like (Th,) response to RSV but also to influenza and parainfluenza
in children infected before the age of three months compared with children
infected after the age of three months (Kristjansson et al. 2005).

Host or virus

Does the viral infection give rise to the increased risk of subsequent wheeze
and asthma or is the child who wheezes already predisposed to wheezing with
viral infections and to developing asthma?

In a large Danish twin study, Thomsen et al. conclude that a shared genetic
predisposition to both severe RSV infection and asthma could explain the as-
sociation. A causal link between RSV infection and asthma could be statisti-
cally rejected, while asthma causing RSV infection could not (Thomsen et
al. 2009). However, in a recent study by Wu et al., an association was found
between age at winter virus peak and risk of severe bronchitis and asthma
in childhood. An increased risk was found among children aged four months
during the winter virus peak, suggesting developmental damage caused by the
RSV infection leading to an increased asthma risk later on. However, the risk
of later asthma was associated with the actual virus peak during that particular
year and not the actual time when the child was infected (Wu et al. 2008).

Both the studies by Thomsen ef al. and by Wu et al. focus on the diagnosis of
RSV infection as outcome and not the symptoms the infection triggered (for
example, wheeze) (Wu et al. 2008, Thomsen ef al. 2009). However, it has been
suggested that different symptoms during viral infection influence the subse-
quent risk of asthma. The Everard group reports different outcomes in children
hospitalised due to RSV infection with either bronchiolitis with crepitations
or only wheeze. The children with wheezing were more likely to be allergic,
have more wheezing, have more severe respiratory illness and more frequently
receive treatment with inhaled corticosteroids at age three years (Elphick et
al. 2007). These findings indicate that the host response, rather than the vi-
rus causing the infection, is responsible for the increased risk of subsequent
asthma (Kuehni et al. 2009). This notion is further supported by the reports of
an increased asthma risk following wheezing in infancy not only with RSV but
also with other viruses, especially rhinovirus (Lemanske et al. 2005, Kuehni
et al. 2009).

Allergy and viral infection

A synergistic effect of allergic sensitisation and viral infection has been sug-
gested (Sly 2011). Respiratory infection has been reported to be more severe
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and of longer duration in asthmatics compared with healthy individuals (Corne
et al. 2002). Furthermore, children with allergic asthma have been reported to
have respiratory infections of increased duration and severity compared with
children with non-allergic asthma (Olenec et al. 2010).

Recently, the role of viral respiratory infections in asthma was summarised
in a review by Busse et al. (Busse et al. 2010). Viral infections have been
reported to cause damage to the airways with the impairment of the epithelial
barrier function increasing the absorption of allergens and irritants, increasing
allergic inflammation. However, increased viral replication has been reported
in already damaged epithelium, indicating that an epithelium affected by aller-
gic inflammation could promote viral replication, thereby causing more severe
disease This can also explain why other environmental factors like tobacco
smoke that might damage the epithelium increase the risk of viral wheeze
(Busse et al. 2010).

A change in the antiviral immune response in individuals with allergic asthma
has been reported, with an impaired interferon response from mononuclear
and bronchial epithelial cells. Both allergic inflammation and viral infection
(rhinovirus) have been reported to affect epithelial cells to produce cytokines
promoting Th, differentiation, thereby increasing allergic inflammation (Busse
et al. 2010). Impaired interferon production in vitro has been reported already
in early infancy in individuals with an increased risk of wheezing in infancy
(Guerra et al. 2004a, Gern et al. 2006).

These findings suggest that some individuals with an altered immune response
might be more susceptible to viral disease and prone to more severe symptoms
like wheezing (Gern et al. 20006).

Conclusion

To summarise, the question of whether the viral infection itself gives rise to the
increased risk of subsequent wheeze and asthma or whether the child respond-
ing with wheezing to viral infections is already predisposed to develop asthma
is the subject of debate.

It could also be that both hypotheses are true — some viruses might cause path-
ological changes in the airways in susceptible individuals, thereby promoting
an increased asthma risk (Jackson et al. 2008).

Heredity

To have a predisposition to allergic disease is referred to as being atopic. For
decades it has been known that the tendency to develop asthma and allergies is
more pronounced in children with parental allergic disease.
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Parental asthma

A family history of asthma has been reported to increase the risk of asthma
during childhood in several studies (Martinez et al. 1995, Ronmark et al. 2008,
Lim et al. 2010). Parental asthma is regarded as an important factor for predict-
ing asthma in childhood and is included in the API (Castro-Rodriguez et al.
2000). Heritability estimates vary between studies but, for example, the twin
study of Koeppen-Schomerus reports 68% heritability due to parental asthma
(Koeppen-Schomerus ef al. 2001, Lim et al. 2010.). Moreover, in the follow-
up studies of severe viral wheeze, parental asthma has been shown to affect the
long-term outcome (Piippo-Savolainen ef al. 2006, Hyvirinen 2009).

Both maternal and paternal asthma increase the risk of asthma in the child.
Maternal asthma has been suggested to have a greater impact than paternal.
This might be explained by non-genetic factors influencing the child in utero
or post partum (Lim et al. 2010).

Parental allergy

It has been suggested in the BAMSE Study and the West Sweden Asthma
Study, for example, that heredity for allergies influences the risk of asthma
in the offspring (Melén et al. 2004, Wennergren et al. 2010). A change in
maternal immune responses during pregnancy has been reported in mothers
with allergy, possibly favouring postnatal allergic sensitisation in the offspring
(Breckler ef al. 2010, Sly 2011). Furthermore, the reduced production of in-
terferon gamma by cord blood monocytes is reported in infants with atopic
heredity (Gern et al. 2006).

Gender and genes

It has been suggested that the impact of family history differs between boys
and girls. Melén et al. report an interaction between male gender and parental
allergic disease in children with early persistent wheezing. When analysing
maternal and paternal influence separately, the effect was only seen for mater-
nal allergic disease. This might be explained by genetic imprinting or it may be
suggestive of X-linked genes, more likely to be unmasked in boys (Melén et al.
2004). Several genes and loci have been suggested to be of importance in the
development of asthma and allergic disease. Genes important in the Th,-me-
diator response have been identified, but “non-allergic” pathways, in muscle
remodelling, for example, have also been shown to be associated with asthma
and BHR (Ober and Yao 2011).
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Other allergic manifestations
Allergic march

Numerous studies have observed the increased prevalence of wheezing and
asthma in children with early eczema and other allergic manifestations such as
food allergies (Kotaniemi-Syrjanen ef al. 2003a, Guilbert ef al. 2004, 1lli et al.
2004, Hyvérinen et al. 2005b, Illi et al. 2006, Piippo-Savolainen et al. 20006,
Piippo-Savolainen et al. 2007). The allergic march is described as a pathway,
starting with eczema and food allergies in infancy, developing to wheezing
and persistent asthma during preschool and school age and thereafter becom-
ing sensitised to airborne allergens (Spergel 2010). In addition, when it comes
to predicting persistent asthma in children, allergic manifestations in early life
have a high predictive value. For example, the API includes doctor-diagnosed
eczema as one of the major criteria and doctor-diagnosed allergic rhinitis and
eosinophilia as two of the minor ones (Table 2) (Castro-Rodriguez et al. 2000).

Altered immune response

Already at birth, a change in the T-helper cell type 1 (Th,) immune response
has been reported in children with subsequent allergic disease (Bjorkstén 1999,
Prescott 2010). The slower maturation of the Th, immune response in atopic
children has been observed (Bjorkstén 1999, Jenmalm 1999, Sly and Holt
2011). In addition, a change in neonatal interferon gamma production has been
associated with an increased risk of subsequent atopy (Tang et al. 1994). It
could be argued that eczema and allergic sensitisation during infancy are other
manifestations of the same disease as recurrent wheeze and subsequent per-
sistent asthma, rather than a causative factor. However, the predisposed child
with early allergies might respond differently to environmental exposure and
life events. For example, early allergic sensitisation synergistically affects the
increased risk of asthma following wheezing with viral respiratory infections
in infancy (Sly 2011). A recent study by Subrata ef al. reports an interaction
between IgE antibodies in the lung and the recruitment of pro-inflammatory
macrophages to the lung during viral infection (Subrata et al. 2009).

Impact on persistence of viral wheeze

Both early and current allergic manifestations are associated with persistent or
relapsing asthma following severe viral wheezing disease in early life. In the
follow-up studies from the Korppi group, both early and current manifesta-
tions of allergy were associated with asthma during teenage and in early adult-
hood (Piippo-Savolainen et al. 2004, Piippo-Savolainen et al. 2006, Hyvérinen
2009). However, at age 27, only current allergic manifestations were associ-
ated with adult asthma (Ruotsalainen et al. 2010).
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In the Swedish post-RSV study, Sigurs et al. report that childhood sensitisation
and allergic rhinitis are associated with persistent or relapsing asthma up to the
age of 18 years (Sigurs et al. 2010).

Gender
Course of wheezing in boys and girls

Wheezing and asthma in infancy and childhood is more prevalent among boys
than girls (Korppi ef al. 1986, Skobeloff et al. 1992, Wennergren et al. 1992,
Martinez et al. 1995, Taussig et al. 2003, Melén et al. 2004). However, the fe-
male dominance of asthma in adulthood is well known (Skobeloff ef al. 1992,
Sears et al. 2003). The reversal in gender distribution is seen somewhere be-
tween the age of 10 years and late adolescence (Skobeloff ef al. 1992, Schatz
et al. 2004). The pattern is described in the Tucson Study, where wheezing in
early childhood was clearly more common in boys, with a decreasing preva-
lence at older age. In the case of girls, the prevalence of wheeze decreased
in the early years but started to increase after the age of 10 years. At age 16,
wheezing was equally common among boys and girls in the Tucson Study.
Doctor-diagnosed asthma was also more common among boys at age 16, but
with less difference seen in adolescence, with an increasing prevalence in girls
(Taussig et al. 2003). Similar results were described back in 1992 by Ander-
son et al. in the British National Child Development Study, with asthma being
more common in boys up to age 16, independent of current and prior atopic
status. At age 23, the prevalence was higher among girls. The incidence of
asthma in boys increased until the age of 16 and then started to decrease, while
the incidence in females increased by almost 1% a year between age 17 and
age 23 (Anderson et al. 1992).

Pulmonary development

The higher prevalence of wheezing in male infants might be explained by dif-
ferent pulmonary development in infancy in boys and girls. Young et al. has
described lower airway function seen in boys compared with girls during the
first year of life, drawing the conclusion that, in infancy, girls have larger air-
ways in relation to absolute lung size compared with boys (Young et al. 2000).
Pulmonary development continues through childhood into adolescence, with
different growth patterns seen in females and males. At age 16, the roles are
reversed, with females having more narrow airways in relation to lung size
compared with boys (Merkus ef al. 1993, Melgert et al. 2007).
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Obesity

As discussed below, obesity has been associated with wheeze and asthma. The
impact of obesity in girls has been emphasised and associated with early men-
arche, indicating increasing levels of oestrogen (Castro-Rodriguez et al. 2001).

Hormonal changes

It has been suggested that hormonal changes are important in the gender shift
seen in asthma prevalence during adolescence, as summerised by Melgert et al.
in 2007 (Castro-Rodriguez et al. 2001, Melgert et al. 2007). Salam et al. report
an association between early menarche and asthma, indicating that the cumu-
lative dose of female sex hormones might act pro-inflammatory (Salam et al.
2006). This is further supported by the fall in asthma prevalence in postmeno-
pausal women and the premenstrual worsening described in female asthmatics.
Furthermore, it has been argued that testosterone acts in an anti-inflammatory
manner and thereby has a protective effect on asthma (Melgert et al. 2007).

Obesity

In a meta-analysis, Flaherman and Rutherford conclude that both high birth
weight and overweight during childhood increase the risk of future asthma
(Flaherman and Rutherford 2006). In line with this conclusion, Matricardi et
al. report a mainly consistent link between obesity and wheezing and asthma
during childhood in a review of the paediatric field (Matricardi et al. 2007).
Several studies have excluded the possibility of asthma causing obesity. In
actual fact, a significantly lower BMI in adulthood was seen among subjects
with childhood asthma in the Dunedin cohort (Hancox et al. 2005). However,
the association appears to be complex. For example, conflicting results have
been reported regarding the relationship between allergic disease and obesity.
Some studies report an increased risk of atopy with obesity, while others see no
association or even a reduced risk of atopy (von Mutius et al. 2001, Matricardi
et al. 2007, Sidoroff et al. 2011). In addition, obesity in asthmatics has been
associated with less BHR, suggesting obesity-related symptoms mimicking
those of asthma (Bibi et al. 2004, Matricardi et al. 2007).

Gender

Gender has been reported to affect the association between obesity and asthma,
which is more evident among girls. In the Tuscon Study, girls with pre-pubertal
obesity run an increased risk of later asthma. As mentioned above, obesity in
girls has been associated with early menarche and increasing levels of oestro-
gen (Castro-Rodriguez et al. 2001). However, there are studies that also report
an association between obesity and asthma in males (Gilliland et al. 2003,
Guerra et al. 2004b).
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Possible mechanisms

As summarised in the review by Matricardi et al., there are several possible
explanations supporting the association between obesity and subsequent asth-
ma. As indicated above, gender-specific and oestrogen-dependent effects are
important. Furthermore, reduced airway function has been reported in obese
children. In addition, obesity has been associated with the increased produc-
tion of pro-inflammatory substances such as cytokines and the hormone leptin.
As mentioned above, a high birth weight might be associated with both sub-
sequent obesity and asthma. Furthermore, maternal diet and physical activ-
ity during pregnancy might influence the outcome in offspring. Moreover, the
diet during childhood appears to play an important role in the development
of both obesity and asthma. For example, a high total caloric intake and low
n-3 polyunsaturated fatty acids (PUFA) consumption might increase the risk
(Matricardi et al. 2007).

Smoking

Impact of exposure to tobacco smoke

Exposure to tobacco smoke both during pregnancy and in infancy and child-
hood has been reported to increase the risk of wheeze and asthma (Rylander
et al. 1993, Ledrup Carlsen et al. 1999, Stein et al. 1999b, Lux et al. 2000,
Taussig et al. 2003, Lannero et al. 2006). It has been suggested that mater-
nal smoking during pregnancy is particularly important (Rylander ez al. 1993,
Ledrup Carlsen et al. 1999, Stein et al. 1999b, Lux et al. 2000, Lannerd et al.
2006). Impaired airway function in infancy and childhood has been reported
following smoke exposure in utero (Hanrahan et al. 1992, Lodrup Carlsen et
al. 1997, Gilliland et al. 2000). However, it has also been argued that post-
natal smoke exposure affects airway function (Mannino et al. 2002, Piippo-
Savolainen et al. 2006). Since very few mothers who smoke during pregnancy
quit post partum, it is difficult to distinguish the effects of pre- and postnatal
exposure (Alm et al. 1998, Stein ef al. 1999b).

Genetic variations have been suggested to influence the vulnerability to smoke
exposure both in utero and postnatally. For example, different genotypes of the
gluthatione-S-transferase enzymes have been associated with altered vulner-
ability to smoke exposure affecting the risk of subsequent wheeze and asthma
(Gilliland et al. 2002, Kabesch et al. 2004).

Active smoking

Active smoking in adolescents and adults has been reported to increase the
risk of current asthma (Strachan et al. 1996, Sears et al. 2003). The social
inheritance of smoking habits, i.e. the environment in which the child grows
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up, has been reported to be closely associated with becoming an active smoker
as an adult (De Vries et al. 2003). In addition, in a twin study by Vink et al.,
it is concluded that the smoking initiation behaviour was explained by genetic
influences in 44%, shared environment in 51% and by unique environmental
factors in 5%. However, smoking dependence was explained by genetic fac-
tors in 75%, while only 25% was explained by unique environmental factors.
These findings emphasise the genetic impact on continuous nicotine depen-
dence (Vink et al. 2005).

Allergy and smoking

The association between smoke exposure and allergic sensitisation has been
the subject of debate. Some studies report an increased risk of allergic sensi-
tisation following prenatal smoke exposure (Kulig et al. 1999, Braback et al.
2001), while others do not report any such association (Murray et al. 2004).
Lannerd et al. found no association with smoke exposure in utero but an in-
creased risk of sensitisation to inhalants and food allergens in children follow-
ing parental smoking in early life (Lannerd et al. 2008).

Pathophysiology

The pathophysiological mechanisms of smoke exposure are not fully under-
stood. However, in a recent review Rehan et al. report of prenatal smoke expo-
sure causing lung hypoplasia and reduced lung growth, with fewer and larger
saccules, resulting in a reduced surface area for gas exchange in the fetus in an-
imal models (Rehan et al. 2009). Furthermore, a change in respiratory control
and an increased risk of sudden infant death syndrome has been reported (Alm
et al. 1998, Rehan et al. 2009). In addition, Rehan et al. reported that prenatal
smoke exposure changed cell signalling in the developing alveolus, affecting
surfactant synthesis and the differentiation of alveolar cells and lung fibro-
blasts. The increased differentiation of lung fibroblasts into myofibroblasts, a
cell type associated with COPD and asthma, was reported (Rehan et al. 2009).

The developing immune system has been reported to be affected by prenatal
smoke exposure, with the delayed maturation of the immune response at birth
(Prescott 2010, Noakes ef al. 2003). In addition to the toxic effects of nicotine
on the airways, the suppression of fetal breathing movements, changing lung
growth, genotoxicity and the epigenetic effects of prenatal smoke exposure,
has also been suggested (Sly 2011).

Smoking regulations

In line with these and other findings of the negative effects of tobacco smoke
in utero, attempts have been made to reduce the incidence of maternal smoking
during pregnancy. In Sweden, the prevalence has gone from about 31% in the
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early 1980s to around 6.7% in 2009 (Swedish National Board of Health and
Welfare 2004, Lafih 2011). The prevalence is higher among those in under-
privileged socioeconomic society groups and among younger women (Swed-
ish National Board of Health and Welfare 2007).

Antibiotics
Impact on wheeze and asthma

Antibiotic treatment in infancy has been reported to increase the risk of wheeze
at preschool age (Thomas et al. 2006, Kummeling et al. 2007, Marra et al.
2009) and the risk of asthma at school age (Droste et al. 2000, Kozyrskyj et al.
2007). A dose-response relationship between the risk of asthma and the num-
ber of antibiotic treatments has been reported (Kozyrskyj et al. 2007, Marra
et al. 2009). In these studies, the possibility of reverse causation cannot be
completely excluded. In a recent register-based study, Almqvist ef al. reported
an association between prescriptions for asthma medications and antibiotics
in early childhood, especially strong for antibiotics used to treat respiratory
infections. This highlights the possibility of reverse causation or confounding
by indication (Almqvist ez al. 2011).

Marker of asthma?

Neonatal antibiotic treatment could be a marker of asthma rather than a causa-
tive factor. Delayed immune maturation at birth is seen in infants born to par-
ents with allergy and asthma, as indicated by cord blood cytokine levels or
responses to stimulation in vitro (Gern et al. 2006, Gold et al. 2009, Sly and
Holt 2011). Furthermore, there are data linking the delayed maturation of the
immune system at birth and in early postnatal life with an increased risk of sub-
sequent asthma in children and with an increased frequency of lower respira-
tory illnesses (Zhang et al. 2009, Sly 2011). The low production of interferon-
gamma at birth or shortly after predicts recurrent wheezing later on (Guerra et
al. 2004a) and the excessive production of IL-5 by T-cells at birth is associated
with an increased risk of subsequent severe respiratory infections (Zhang et al.
2009). It could be speculated that delayed immune maturation at birth could
increase the susceptibility not only to viral but also to other infections, leading
to antibiotic treatment.

Pathophysiology

On the other hand, a causal relationship is supported by the findings of a
change in mucosal immune response following antibiotic treatment. It has
been suggested that the change in gastrointestinal (GI) microflora following
antibiotic treatment, with long-term changes in GI colonisation, impairs the
development of immunological tolerance. Changes to the mechanisms of anti-
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gen presentation, with the disturbance of the T-regulatory cell response, have
been discussed (Noverr and Huffnagle 2005). Furthermore, impaired gut bar-
rier function and the Th, polarisation of the immune response have been seen
in murine models (Oyama et al. 2001, Schumann et al. 2005). Disturbances
in the intestinal environment in early life, altering the microflora of the gut
and the exposure to microbes and allergens, therefore appear to increase the
risk of future allergic asthma. This is further supported by findings indicating
less atopic disease following probiotic administration (Kalliomiki ez al. 2003,
West et al. 2009).

Paracetamol
Increased risk of asthma

Several studies have reported an increased risk of asthma following paracetamol
exposure both in utero and during infancy (Shaheen et al. 2005, Koniman et al.
2007, Beasley et al. 2008, Rebordosa et al. 2008, Garcia-Marcos et al. 2009,
Perzanowski et al. 2010, Bakkeheim ef al. 2011) and recent meta-analyses
have confirmed the association (Etminan et al. 2009, Eyers et al. 2011). Fur-
thermore, a dose-dependent effect has been described (Beasley et al. 2008).
In addition, paracetamol use has been reported to increase the risk of other
allergic manifestations such as eczema and rhinoconjunctivitis (Beasley et al.
2008, Bakkeheim et al. 2011). However, not all studies find such an associa-
tion between paracetamol exposure and the risk of wheeze. In a study by Kang
et al., no association was found between paracetamol exposure during preg-
nancy and asthma in the offspring (Kang et al. 2009).

Pathophysiology

Paracetamol has been described as increasing oxidant-induced inflammation
by lowering the glutathione levels when it is metabolised in the liver (For-
rest et al. 1982, Nuttall et al. 2003, Fogarty and Davey 2005). As a result, the
pulmonary antioxidant defence is diminished and airway inflammation is in-
creased (Varner et al. 1998). The lowering of glutathione levels by paracetamol
has also been suggested to enhance the Th, responses, changing antigen pre-
sentation and recognition (Nuttall et al. 2003, Farquhar et al. 2010). Unlike
acetylsalicylic acid, paracetamol does not affect the COX-2 pathway, which is
activated during respiratory viral infections. The COX-2 pathway increases the
production of prostaglandin E2, which in turn inhibits the production of Th, -
cytokines, shifting the balance towards Th, (Varner et al. 1998). Paracetamol
has been shown to have immune-modulating effects, altering the immunologi-
cal response to vaccination if it is given prior to the fever reaction (Prymula
et al. 2009). The recent findings that maternal antioxidant polymorphisms
modify the association between paracetamol exposure and childhood asthma
further support a causal relationship (Shaheen et al. 2010). However, it has
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been argued that therapeutic doses of paracetamol do not affect the gluthatione
levels sufficiently to change the antioxidant defence (Scialli et al. 2010).

Confounding

In fact, a causal relationship between paracetamol exposure and asthma has
been disputed. It has been suggested that confounding by indication explains
the association that is seen. Paracetamol might be a proxy for respiratory mor-
bidity, since children with respiratory infections in early childhood often re-
ceive paracetamol (Lowe et al. 2010, Tapiainen et al. 2010). However, studies
that only consider paracetamol exposure during pregnancy still find an associa-
tion (Shaheen et al. 2005, Perzanowski et al. 2010). On the other hand, ma-
ternal use of paracetamol could be a proxy for maternal respiratory infection.
Furthermore, paracetamol use could be a marker of a difficult pregnancy, other
maternal diseases and possibly also of the intake of other medication.

Fish
Effect on asthma and allergy

A high maternal intake of fish during pregnancy and the intake of fish by the
child itself during infancy have been reported to reduce the risk of later aller-
gic manifestations in the child (Nafstad et al. 2003, Kull et al. 2006, Alm et
al. 2009, Hesselmar et al. 2010, Qien et al. 2010, Kremmyda ef al. 2011). In
the Dutch part of ISAAC-2, an association between frequent fish intake and a
reduced risk of asthma was seen at school age (Tabak et al. 2006). Likewise,
Nafstad et al. report a reduced risk of asthma, allergic rhinitis and sensitisation
to dust mites at four years of age following fish consumption during the first
year of life (Nafstad et al. 2003). In addition, several studies report a protec-
tive effect as a result of fish consumption in infancy on eczema in childhood
(Alm et al. 2009, Hesselmar et al. 2010, Qien et al. 2010). In the Children of
Western Sweden Study, Alm et al. report a reduced risk of eczema during the
first year of life following the early introduction of fish in infancy (Alm et al.
2009). In the Norwegian PACT Study, a reduced risk of eczema at two years of
age as a result of early fish consumption was seen, but no effect on eczema in
the child as a result of maternal fish consumption during pregnancy was seen
(Qien et al. 2010). However, other studies also report a reduced risk of asthma,
eczema and allergic sensitisation in the child as a result of frequent maternal
fish consumption during pregnancy (Salam et al. 2005, Willers et al. 2007).
The effect was more pronounced in children with maternal asthma or atopy
(Salam et al. 2005).
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Pathophysiology

Increasing the ratio of n-6 to n-3 PUFAs, due to an increased intake of linoleic
acid, has been reported to influence the development of allergic disease by act-
ing on inflammatory and immunological pathways. Fish is rich in n-3 PUFA
and it has been suggested that it opposes the action of n-6 PUFA, thereby re-
ducing the risk of allergy (Kremmyda et al. 2011). However, the association
between the prevalence of asthma and n-3 PUFA has not been confirmed when
analysing serum levels in children or adults (Bolte ef al. 2006). However, other
components of fish have also been suggested to contribute. For example, fish
is a source of vitamin D, which, it has also been argued, reduces the risk of al-
lergic disease (Holick 2008, Mullins and Camargo 2011). However, confound-
ing or bias could explain the association with fish consumption as a marker of
socioeconomic or other lifestyle factors, as well as a proxy for other dietary
patterns (Almgqvist et al. 2007).

Prevention studies

Attempts have been made to prevent asthma and atopy development in children
using fatty acid supplementation. In the CAPS study, children with a heredity
for asthma were randomised to fatty acid supplementation in an attempt to re-
duce the asthma incidence. However, no effect was seen on asthma, eczema or
atopy at five years of age (Marks et al. 2006). These findings were confirmed in
a study of the whole CAPS birth cohort which found no relationship between
plasma levels of n-3 PUFA or n-6 PUFA and any of the outcomes (Almqvist
et al. 2007).

Furthermore, no convincing effect of n-3 PUFA supplementation in individuals
with already established asthma has been demonstrated (Woods et al. 2002).
However, Nagakura et al. report some beneficial effects on already established
asthma in children following high-dose n-3 PUFA supplementation (Nagakura
et al. 2000). In addition, Dunstan et al. report an effect on neonatal cytokine
responses to allergens and less severe eczema in infancy in the offspring fol-
lowing maternal fish oil supplementation during pregnancy in atopic mothers
(Dunstan et al. 2003). These findings are supported by the results of Furuhjelm
et al., reporting less food allergy and eczema during infancy in children with
atopic heredity following maternal n-3 PUFA supplementation during preg-
nancy (Furuhjelm ez al. 2009)

Vitamin D
Deficiency

There are reports of immune-modulating effects of vitamin D, suggesting that
vitamin D levels might play a role in the maturation of the immune system
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and possibly in the pathogenesis of allergic disease (Mora et al. 2008, Mul-
lins and Camargo 2011). The incidence of vitamin D deficiency is likely to
have increased during the past decades as a result of the increasing amount of
time spent indoors (Mullins and Camargo 2011). The major source of vitamin
D is exposure to sunlight, but there are also dietary sources such as fish. In
addition, foods fortified with vitamin D are available in some countries. For
example, milk is fortified with vitamin D in the United States, Sweden and
Finland (Holick 2008). Swedish children also receive daily supplementation
with 10 micrograms of vitamin D (400 IE) during the first two years of life.

Protective effect on allergy and asthma

A reduced risk of wheeze in early childhood has been associated with higher
levels of vitamin D in cord-blood and higher maternal intake during pregnancy
(Camargo et al. 2007, Camargo et al. 2011). An inverse association has been
found between levels of vitamin D and the risk of respiratory infections before
three months of age (Camargo ez al. 2011). Furthermore, an inverse associa-
tion has been suggested between vitamin D levels and eczema and food aller-
gies (Byremo et al. 2006, Sidbury et al. 2008, Vassallo and Camargo 2010).
An increased prevalence of food allergies has been reported in children born
during the winter months (Mullins ef al. 2011) and eczema has been reported
to improve with exposure to the sun and with vitamin D supplementation (By-
remo et al. 2006, Sidbury et al. 2008).

However, the findings regarding vitamin D and allergic disease are not con-
sistent and have been suggested to reflect reverse causation, since subjects se-
verely affected by allergic disease might spend more time indoors (Hypp6nen
et al. 2004, Mullins and Camargo 2011).

Effect on immune system

The vitamin D status has been reported to affect both the innate and the adap-
tive immune response, explaining the suggested protective effect on wheeze,
asthma and allergic disease. Increased levels of antibacterial peptides stimulat-
ing mucosal integrity have been reported with higher vitamin D levels (Vas-
sallo and Camargo 2010). Low levels of vitamin D might therefore increase
the susceptibility to infections and allergen exposure. Vitamin D has been re-
ported to affect the adaptive immune response by favouring a Th -dominated
response (Mora et al. 2008, Mullins and Camargo 2011). For example, it has
been suggested that vitamin D agonists suppress allergen specific IgE, change
dendritic cell maturation, induce tolerogenic dendritic cells and affect the Th /
Th, cell function (Mora et al. 2008).
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Breast-feeding
Effect on immune system?

It has been suggested that breast milk contains components active in providing
protection from infections and components stimulating the maturation of the
neonatal immune system. The transfer of cell-mediated immunity and cyto-
kines through breast milk has been observed (Bjorkstén 1999). In addition, a
change in the composition of n-3 PUFA has been reported in the milk of moth-
ers of infants with allergic disease during the first year of life (Duchén et al.
1998, Bjorkstén 1999). It is possible that breast-feeding could affect the devel-
oping immune system and its response to potential allergens (Bjorkstén 1999).

Protective for wheeze

A protective effect by breast-feeding on wheezing disorder up to preschool age
has been reported but not necessarily on allergic asthma later in life (Wright et
al. 2001, Snijders et al. 2007, Elliott et al. 2008, Scholtens et al. 2009, Kull et
al. 2004). The ISAAC-2 Study has recently reported less non-atopic wheeze at
age 8-12 years in breastfed children but no association with allergic manifesta-
tions (Nagel et al. 2009). However, in the BAMSE Study a protective effect
was seen on asthma with allergic sensitisation, but not for non-allergic asthma,
at eight years (Kull ez al. 2010).

Eczema and breast-feeding

The possible effect of breast-feeding on eczema is the subject of debate. In
the BAMSE cohort, Kull et al. report a reduced risk of eczema at four years
following breast-feeding for four months or more (Kull et al. 2005). In the
KOALA Study, the suggested protective effect on eczema at two years of age
was modified by maternal allergic status (Snijders et al. 2007). Recently, Flohr
et al. reported that no protective effect of exclusive breast-feeding on eczema
at school age could be seen in the ISAAC-2 (Flohr ef al. 2011). In a Cochrane
report, Kramer and Kakuma conclude that no convincing risk reduction is seen
for eczema or allergic disease (Kramer and Kakuma 2002).

Conclusion

For this reason, breast-feeding does not appear to protect against the devel-
opment of allergic disease, but it might influence the susceptibility to early
respiratory infections, thereby explaining the reduced prevalence of wheezing
(Duijts et al. 2009).
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Farming and domestic animals
Farm environment

Several studies report that a farm environment has a protective effect on asth-
ma and allergies. A reduced prevalence of asthma, hay fever and eczema has
been observed in adult farmers, with a dose-dependent effect depending on the
number of years of farm exposure (Douwes et al. 2007). Children of farmers
have been reported to have a reduced risk of asthma, wheeze and hay fever
(Von Ehrenstein ef al. 2000). In the West Sweden Asthma Study, a lifelong
protective effect on allergic rhinitis as a result of growing up on a farm dur-
ing the first five years of life is seen (Eriksson ef al. 2010). Growing up on a
farm also had a protective effect on doctor-diagnosed asthma in adolescence
(Wennergren et al. 2010). In addition, farm exposure in utero has been re-
ported to affect the risk of asthma, hay fever and eczema in the child (Douwes
et al. 2008, Roduit et al. 2011).

Distinct farm exposure has been reported to have different effects on the subse-
quent risk of asthma and wheeze in children. For example, keeping pigs, farm
milk consumption and spending time in animal sheds had a protective effect
on asthma diagnosis. On the other hand, keeping hares or rabbits increased the
risk of asthma, while keeping sheep increased the risk of wheeze (Ege et al.
2007). Recently, Ege ef al. reported of a clear inverse relationship between the
range of microbial exposure and the risk of asthma. This was true both for bac-
teria and fungi with a reduced prevalence of asthma seen with a wider diversity
of exposure (Ege et al. 2011).

Genetic variation has been reported to modulate the protective effect of farm-
ing environment. For example, polymorphism of the toll-like receptor type 2
has been suggested to alter the susceptibility to asthma and allergies in children
of farmers (Eder et al. 2004).

It has been suggested that exposure to micro-organisms or components of mi-
crobes such as endotoxins explains the protective effect of a farming envi-
ronment, by shifting the immune response towards a Th -dominated balance
(Schaub et al. 2006, Stern et al. 2007). This notion is supported by the increased
levels of endotoxins found in the mattress dust of farmers and the inverse as-
sociation between endotoxin levels and the prevalence of allergic rhinitis and
atopy (Braun-Fahrlidnder et al. 2002). The protective effects of farm exposure
on atopic sensitisation and the regulation of the innate immune system have
also been observed following prenatal exposure, with an increasingly protec-
tive effect as the number of farm animal species encountered increases. Pre-
natal exposure appeared to have a greater impact than later exposure during
childhood (Ege et al. 2006).
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Domestic animals

Exposure to domestic animals has been reported to affect the risk of subse-
quent allergic disease. Hesselmar et al. reported a reduced risk of sensitisation
to cats in children exposed to cats in the home (Hesselmar et al. 1999). This
has been confirmed in other studies (Platts-Mills et al. 2001, Almqvist et al.
2010) and has also been reported to apply to dogs (Perzanowski et al. 2002,
Almgqvist et al. 2010). However, in the BAMSE Study an increased risk of
sensitisation and severe asthma at preschool age was reported following early
exposure to cat and tobacco-smoke in young asthmatic children (Melén et al.
2001). In addition, it has been suggested that the protective effect can be at
least partly explained by allergic families choosing not to keep a pet (Almqvist
et al. 2003), but there are results supporting a true protective effect (Ownby
et al. 2002). More animals in the home appear to have a stronger protective
effect (Ownby et al. 2002). Recently, Wegienka et al. confirmed the findings
of a protective effect on allergic sensitisation also at age 18 as a result of early
exposure to domestic animals. The protective effect appears to be allergen
specific, with cat exposure having a protective effect on sensitisation to cats
and dogs to dogs and so on. In addition, the first year of life appears to be the
critical period for exposure in order to have a protective effect on subsequent
allergic disease (Wegienka et al. 2011). It is argued that the protective effect is
due to the development of tolerance toward specific allergens rather than be-
ing endotoxin mediated. It is argued that a high level of oral exposure during a
critical period of life can be regarded as “sublingual desensitisation”, stimulat-
ing tolerance and thereby prohibiting subsequent sensitisation through the skin
or nose (Erwin et al. 2011).

42



Aims

Aims

The overall aim of this thesis was to study factors influencing the risk of wheeze
at preschool age and the long-term prognosis until early adulthood following
severe wheezing in early childhood.

The specific aims of the thesis were:

To study factors influencing the risk of wheeze at 4.5 years of age with spe-
cial emphasis on the impact of neonatal antibiotics, early fish introduction and
paracetamol exposure during pregnancy (Papers I and II)

To study whether the risk factors for multiple-trigger wheeze and episodic
viral wheeze differed at preschool age (Paper I)

To describe the prevalence of asthma in early adulthood following hospitali-
sation due to virally induced obstructive disease before the age of two years
(Paper I1I)

To study the factors influencing the risk of asthma in early adulthood, follow-
ing hospitalisation due to virally induced obstructive disease before the age of
two years (Paper I11)

To describe the airway function in early adulthood following hospitalisation
due to virally induced obstructive disease before the age of two years (Paper
V)

To study the factors influencing the risk of having reduced airway function in
early adulthood following hospitalisation due to virally induced obstructive
disease before the age of two years (Paper IV)

To study the impact of prenatal and postnatal smoking on asthma in early
adulthood, following hospitalisation due to virally induced obstructive disease
before the age of two (Paper V).
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Methods

Children of Western Sweden Study, Papers I and 11
Participants

Data were obtained from a prospective, longitudinal cohort study of children
born in the region of western Sweden in 2003. The region has 1.5 million in-
habitants, one sixth of the Swedish population. It comprises urban, rural and
coastal areas and the largest city is Gothenburg, with 500,000 inhabitants.
From the total birth cohort of 16,682 infants, the random sample comprised
8,176 families (50% of the birth cohort).

Ethical approval

The study was approved by the Ethics Committee at the University of Gothen-
burg.

Procedures

After written informed consent was obtained, the parents answered question-
naires when the children were six and 12 months and 4.5 years. The procedures
are described in further detail in the flow chart in Figure 1.

Response rate

For the families that were initially contacted, the response rate at six months of
age was 68% (5,0600/8,176). At 12 months of age, it was 61% (4,987/8,176),
which equals 69% (4,987/7,241) of the distributed questionnaires at 12 months
or 88% (4,936/5,600) of the questionnaires also answered at six months.

At 4.5 years, questionnaires were distributed to the responders at six and/or
12 months, except for those who had declared that they no longer wished to
participate. The response rate at 4.5 years was 55%, i.e. 4,496 of the families
that were initially contacted. This equals 83% of the 5,398 questionnaires dis-
tributed at 4.5 years of age. After supplementation with data from the Swedish
Medical Birth Register (MBR), the database consists of 4,171 infants with a
full data set (all three questionnaires and the MBR).

Questionnaires

The questionnaires were based on the Swedish version of the ISAAC ques-
tionnaire and the questionnaire from the Swedish BAMSE Study. Questions
relating to the outcome variables and important covariates are summarised in
Appendix 1 (Table S1, Paper I).
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Figure 1. Flow chart of the Children of Western Sweden Study (vearly birth cohort of 2003:
n=16,682). Q1 indicates questionnaire I at 6 months of age; Q2, questionnaire 2 at 12 months of age
and Q3, questionnaire 3 at 4.5 years of age. The non-responders are not indicated in the figure.
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Information regarding pregnancy and postnatal factors was collected at six
months of age. Information regarding the duration of breast-feeding, introduc-
tion of different foods and health and disease during the first year of life was
collected at 12 months. At 4.5 years of age, questions were asked about current
health and disease, family, environment and feeding habits.

Admission to a neonatal ward during the first week of life and treatment with
broad-spectrum antibiotics during this period were recorded from the six-
month questionnaire.

Information on the consumption and introduction of fish was collected at 12
months of age. Questions were asked about when fish was introduced, the fre-
quency of fish consumption and the type of fish of choice.

Data on the maternal intake of medical drugs during pregnancy were obtained
from the six-month questionnaire, with the following question: “Did the moth-
er take any medication during pregnancy? If yes, please specify... ”. If para-
cetamol use was specified, this was denoted as prenatal paracetamol exposure
and compared with no prenatal paracetamol exposure.

Swedish Medical Birth Register (VBR)

Supplementation with data from the MBR was made for subjects who had
answered the six- or 12-month questionnaires and was available for 5,293 indi-
viduals. Information regarding pregnancy and delivery was obtained and was
the basis of information about the following parameters: gender, gestational
age, caesarean section, Apgar score, maternal age, small for gestational age
and large for gestational age.

Outcome variables

As primary outcome variables, recurrent wheeze and inhaled corticosteroid
(ICS)-treated wheeze at 4.5 years of age were used.

Recurrent wheeze was defined as children with three or more episodes of
wheezing during the last 12 months (Simoes et al. 2007). However, informa-
tion was available on no wheeze, one to two episodes of wheeze and more than
three episodes of wheeze during the last 12 months, making it possible to per-
form a trend analysis and a multinomial regression analysis using the number
of wheezing episodes as the outcome variable.

ICS-treated wheeze was defined as wheeze treated with ICS during the last
12 months (Alm et al. 2008). In Sweden, many of the children with repeated
wheezing are treated with inhaled corticosteroids, regardless of whether the
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wheezing is multiple triggered or episodic viral. The responders to this treat-
ment might have fewer than three episodes of wheezing during the last 12
months and would thus be lost in the group with recurrent wheeze. Further-
more, children with ICS-treated wheeze have been evaluated by a physician
and found to be in need of treatment. Accordingly, the definition of ICS-treated
wheeze can be regarded as a proxy for doctor-diagnosed asthma.

Among the children with recurrent or ICS-treated wheeze, the phenotypes of
episodic viral wheeze (EVW) and multiple-trigger wheeze (MTW) were ana-
lysed. These terms have been suggested by the ERS Task Force on wheezing
disorders in preschool children (Brand et al. 2008). MTW denotes children
who wheeze both during and between viral episodes, while EVW denotes chil-
dren who wheeze intermittently and are well between viral episodes.

Statistics - background
Definitions

The establishment of a causal relationship is complex and, in this context, epi-
demiological studies can contribute with the identification of plausible associa-
tions that need to be further explored. To be causal, the association must not
be explained by artefact or confounding and the exposure has to precede the
outcome (Abramson and Abramson 2001). In addition, there are several fac-
tors that may strengthen or weaken the possibility of causality, based on the
“Bradford Hill criteria”, Table 3 (Hill 1965).

Reverse causation can occur if an association is seen between an exposure and
outcome and the exposure is considered to be causal, when in fact the outcome
is the cause of the exposure.

Table 3. Causal criteria according to Hill.

Criterion

—_

Strenght
Consistency
Specificity
Temporality
Biological gradient
Plausibility
Coherence

Experimental evidence

© © N o o &~ w D

Analogy
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A factor is considered to be a confounder if it is associated with both the outcome
and the exposure and if it is not an effect of the exposure (Rothman 2002).

Confounding by indication occurs if the effect of an exposure is not due to the
exposure itself but is in fact due to the reason for that exposure.

Interaction between two factors on an outcome is seen when their combined
effect deviates from additivity, when acting synergistically, for example.

Multivariate analysis — variable selection

In epidemiology, the multivariate analysis is used to assess the strength and
significance of the relationship between different variables and the outcome
while controlling for confounding (Abramson and Abramson 2001). Models
can be used to evaluate the causal role of different factors (Rothman 2002).
In addition, the prediction of risk based on the effects of multiple factors can
be estimated and the prognostic value of different variables can be explored
(Altman 1999, Abramson and Abramson 2001). The resulting estimates are
unconfounded and are thus independent of the other variables in the model
(Rothman 2002).

There are different approaches when deciding which factors to consider in
the multivariate analysis. Commonly, clinically and intuitively relevant factors
should be considered in the model (Hosmer and Lemeshow 2000, Abramson
and Abramson 2001). In addition, a univariate analysis of each variable might
be helpful in identifying factors for the model (Hosmer and Lemeshow 2000).
The factors can be selected based on the significance (p-value) or strength of
the association (OR, point estimate) to exposure and/or outcome (Abramson
and Abramson 2001). In addition, their contribution to the model or their ef-
fect on the strength of the association between the exposure and outcome can
be used (“change in estimate”) (Hosmer and Lemeshow 2000, Abramson and
Abramson 2001). However, regardless of the approach, factors should be kept
if past experience tells us that it is important for the outcome (Altman 1999).
Factors might not appear as confounders if analysed separately, but confound-
ing might become evident when analysed collectively, thereby supporting the
inclusion of clinically relevant factors in the model (Hosmer and Lemeshow
2000, Abramson and Abramson 2001).

The number of factors in the model should be minimised to create a stable and
more easily generalised model. The larger the model, the greater the standard
error and the more dependent the model is on the observed data. The number
of variables that can be included depends on the sample size, number of cases
in each outcome group and number of total variables (Hosmer and Lemeshow
2000).
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The significance is dependent on the size of the sample; for example, large ef-
fects may be non-significant in small samples and unimportant effects signifi-
cant in large samples (Abramson and Abramson 2001). In a larger sample, the
chance of significance is therefore also increased for weak predictors.

When using significance to identify possible candidates for the model (without
a priori selection based on clinical relevance), a liberal level of significance
has been suggested (Hosmer and Lemeshow 2000, Abramson and Abramson
2001). If the significance level is too strict, important factors might not be
identified and, if it is too liberal, unimportant factors may be included (Hosmer
and Lemeshow 2000). However, when identifying candidate variables from
pre-identified relevant factors, using significance levels as low as 0.01 to iden-
tify strong predictors has been suggested (Abramson and Abramson 2001).

Statistics — Papers I and 11

In the statistical analysis, two-by-two tables with the * test and binary logistic
regression were used. Odds ratios (OR) were estimated with 95% confidence
intervals (CI).

The multivariate models aimed to adjust for possible confounding regarding the
primary predictors that were analysed (neonatal antibiotics, the early introduc-
tion of fish and paracetamol exposure during pregnancy respectively). In addi-
tion, strong predictors of the outcome were included to ensure a stable model.

Candidate factors were identified from literature in the field and from clini-
cal experience, see Appendix 1 (Table S2 in Paper I). To identify reasonably
strong predictors, the selection of variables for the multivariate models was
preceded by univariate analyses of the candidate factors and a significance
level of < 0.01 was chosen for inclusion (Table 1 in Paper I). Factors with
implied clinical importance, as well as plausible confounders for the primary
predictors, were included, regardless of their significance.

A level of 0.01 was used to identify strong predictors as a sensibly conserva-
tive level, given the large sample size and large number of factors to consider.
We believe that this has led to stable, parsimonious models.

The stability of the model was confirmed in an extended multivariate model
including only factors with p < 0.1 in the univariate analysis, Appendix 1 (Ta-
ble S3, Paper I). Factors were included based only on the level of significance
in the univariate analyses. As a result, known confounders and predictors with
clinical relevance might not be included. However, the strongest predictors
were naturally also included in this extended model and the results were simi-
lar, with only minor changes in the point estimates.
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Paper 1

In the multivariate model for recurrent wheeze (Table 2 in Paper I), adjust-
ments were made for maternal smoking during pregnancy and any breast-feed-
ing for four months or more, as these factors have previously been shown to
affect the risk of childhood asthma (Rylander ez al. 1993, Kull et al. 2004, Kull
et al. 2010). Parental level of education was included as a marker of socio-
economic status. In addition, the strong predictors identified in the univariate
analysis (p<0.01) were included.

Furthermore, the results of the multivariate analyses were confirmed using an
extended model including factors with p < 0.1 in the univariate analyses, Ap-
pendix 1 (Table S3 in Paper I).

Paper 11

The multivariate model used in Paper Il included plausible confounding factors
for the association with paracetamol exposure and factors identified as strong
predictors based on previous analyses of risk factors for preschool wheeze in
the same cohort (Paper 1), as summarised in the Table 1 footnote in Paper I1.

In addition to the strong predictors (p<<0.01) identified in the univariate analy-
ses, we included factors previously shown to influence the risk of childhood
wheeze, such as maternal smoking during pregnancy and breast-feeding (Ry-
lander et al. 1993, Kull et al. 2004, Kull et al. 2010). Maternal antibiotic use
during pregnancy was included as partially reflecting maternal respiratory in-
fection. An Apgar score of < 7 at 5 min was included as a proxy for postnatal
vulnerability, while parental educational level was included as a marker of
socioeconomic status.

We also performed the multivariate analysis for exclusive prenatal paraceta-
mol exposure compared with no medication exposure during pregnancy. Ex-
clusive paracetamol exposure was defined as exposure to paracetamol but not
to any other medication during pregnancy.

In addition, the results of the multivariate analyses were confirmed using an
extended model including factors with p < 0.1 in the univariate analyses, Ap-
pendix 2 (Table S1 in Paper II).

The attributable fraction of paracetamol exposure, AF, was calculated using

the formula: AF = (the proportion of cases exposed to the factor) * (OR — 1)/OR
(Coughlin et al. 1994).
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Wheezing bronchitis follow-up, Papers I1I, IV and V
Participants

Between March 1984 and November 1985, 101 consecutive children aged less
than two years who were hospitalised due to wheezing bronchitis were in-
cluded in a prospective study to determine the characteristics and prognosis
of wheezing in early childhood. Details relating to the first hospital stay and
earlier re-investigations at preschool age and at age 10 years have been pub-
lished previously (Wennergren et al. 1992, Wennergren et al. 1997). Plausible
long-term risk factors such as family atopy, passive smoking and gender were
registered at first admission. Family atopy was defined as asthma, allergic rhi-
noconjunctivitis, food allergy or atopic eczema in parents or siblings.

To clarify the outcome in early adulthood, the cohort was re-investigated at
the age of 17-20 years. For comparison, 401 controls from the Gothenburg
population matched for age were randomly sampled from the national popula-
tion register.

Ethical approval

The study was approved by the Ethics Committee at the University of Gothen-
burg.

Procedures

A recent health history was obtained using a questionnaire. In the cohort, 88%
(89/101) completed the form, while 73% (294/401) did so in the control group
(Paper III). Two additional responses were added to the cohort in Paper V, giv-
ing a response rate of 90% (91/101).

In the cohort, 62% (55/89) were willing to undergo specific objective testing
and were tested for allergic sensitisation, airway function and bronchial hyper-
responsiveness. There were no significant differences in baseline characteristics
between the subjects in the cohort available for follow-up and the 12 missing
subjects. In the control group, 28% (82/294) were tested in a manner similar to
that used in the cohort.

Questionnaire

Questions regarding current symptoms of asthma and allergy (eczema, rhinitis
and food allergy), asthma medication, furry pets at home, current own and pas-
sive smoking were included in the questionnaire. In addition, the cohort was
asked for permission to include information from the Swedish Medical Birth
Register (MBR) regarding maternal smoking during pregnancy.
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Data on smoke exposure

Data on maternal smoking during early pregnancy (gestational week 8-12, first
trimester) were obtained from the MBR, after obtaining written consent. The
strata were nil, one to nine, or more than nine cigarettes/day. These data were
appended to the other data. Data on maternal smoking during pregnancy were
obtained in 67 individuals. Of these 67 subjects, 44 had been available for test-
ing, see Appendix 3 (Figure S1, Paper V).

Data on post-natal smoke exposure were noted at first admission and defined
as passive smoking at home in infancy. Moreover, data on passive smoking at
home at 10 years of age were available from previous re-investigations (Wen-
nergren et al. 1997). Questions on current active and passive smoking were
included in the questionnaire in early adulthood.

Allergy testing

The allergy tests included a skin prick test (SPT, Soluprick® extracts ALK,
Copenhagen, Denmark), specific IgE in serum (Phadiatop®, Pharmacia Diag-
nostics, Uppsala, Sweden) and an eosinophil count in the blood. The allergens
included in the SPT were birch, grass, mugwort, horse, dog, cat, rabbit, house
dust mites (D. pteronyssinus and D. farinae) and moulds (4lternaria and Clad-
osporium). The allergens included in the Phadiatop® test were birch, grass
(timothy), mugwort, horse, dog, cat, house dust mite (D. farinae, D. pteronys-
sinus) and mould (Cladosporium).

Allergic sensitisation was defined as a positive SPT or Phadiatop®. The pres-
ence of current allergic sensitisation, allergic rhinoconjunctivitis or atopic ec-
zema was denoted as current allergy.

Airway function testing

Airway function measurements (Table 4), included spirometry to record FEV ,
FVC, FEV /FVC ratio, MEF,, MEF, and R, using the forced oscillation
technique (FOT, 10S, Erich Jaeger AG, Wiirzburg, Germany). Spirometry was
performed and evaluated according to the ATS standards (American Thoracic
Society 1995).

Bronchial responsiveness was assessed using a dry, cold air hyperventilation
challenge (CACh). Before the challenge, three maximum forced expirations
were performed. The largest FEV was noted. The subjects then hyperventi-
lated dry, cold (-15°C) air with 5% CO, at 75% of predicted maximum vol-
untary ventilation (resting FEV, x 26 (I/min)) over four minutes using a re-
spiratory heat exchange system (Jacger RHES®, Erich Jaeger AG, Wiirzburg,
Germany).
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Table 4. Airway function measurements. List of abbreviations.

Airway function measurements

FEV 1 Forced expiratory volume in 1 second

FVC Forced vital capacity

FEV,/FVC Ratio of forced expiratory volume in 1 second over forced vital capacity

MEF,, Maximum expiratory flow at 50% of the FVC
MEF25 Maximum expiratory flow at 25% of the FVC
RSHZ Airway resistance measurements at 5Hz

Spirometry and airway resistance measurements were performed pre-bron-
chodilation (pre-BD), two, five and 10 minutes after CACh and then again
after the inhalation of a nebulised B -agonist, i.e. post-BD. A maximum post-
challenge decrease in FEV, of > 10% over the subsequent ten minutes was
regarded as pathological and classified as evidence of bronchial hyper-respon-
siveness (Gustafsson and Kjellman 2000).

Airway function parameters were presented as percentages of mean predict-
ed values compared with gender-specific and height-related reference values
(Solymar et al. 1980). The FEV /FVC ratio was also presented as an absolute
numerical value. Findings of either FEV , FEV /FVC ratio, MEF, or MEF,,
below the lower limits of normality (< -1.96 RSD) in an individual were re-
garded as an indicator of abnormal airway function, pre- or post-BD respec-
tively (Piippo-Savolainen et al. 2004, Piippo-Savolainen et al. 2006). This was
done to allow for a sensitive dichotomous test for evaluating the risk of abnor-
mal airway function in early adulthood.

To ensure the validity of the reference values, we also analysed the material
with reference values for older individuals (> 20 years of age) (Hedenstrom et
al. 1985, Hedenstrom et al. 1986).

Outcome variables

Current asthma was defined as wheezing or asthma and/or the need for anti-
asthmatic treatment (j3,-agonists or inhaled corticosteroids) during the preced-
ing 12 months. Asthma was classified as mild, moderate or severe, according
to the classification system of the Swedish Society of Paediatric Allergology
(www.barnallergisektionen.se). Children with mild asthma had mild and infre-
quent asthma symptoms and symptom control with a 3,-agonist alone. Individu-
als with moderate asthma needed <400 png/day of inhaled corticosteroids plus a
B,-agonist or leukotriene antagonist. Severe asthma required > 400 pg/day of in-
haled corticosteroids, plus a long-acting B -agonist and/or leukotriene antagonist.
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Statistics
Univariate

Factors predicting the presence of asthma were analysed using two-by-two ta-
bles with the y? test, independent samples #-test and binary logistic regression.

When analysing airway function as a continuous parameter, the one-way anal-
ysis of variance was used, after ensuring the normality of the data. Factors pre-
dicting the presence of abnormal airway function (categorical variables) were
analysed using two-by-two tables with the y* test and binary logistic regres-
sion. The frequency of subjects with evidence of abnormal airway function
was thus analysed in relation to possible risk factors.

Multivariate

The multivariate analyses of factors predicting asthma (Paper III) in early
adulthood were conducted in three different models, as indicated in Table Sa,
including factors that were statistically significant (p<<0.05) in the univariate
analysis. The first model included the current factors associated with asthma in
early adulthood. The second model included all significant factors present both
currently and in infancy. Finally, a model including only the factors present in
infancy was performed.

When analysing the risk of having at least one abnormal airway function pa-
rameter pre- or post-BD (Paper V), the factors included in the multivariate
models were identified as significant in the univariate analysis (p<0.05) for air-
way function parameters (continuous variables) or abnormal airway function
using logistic regression (categorical variables) both pre- and post-BD. In ad-
dition, current active smoking was included as a risk factor for current asthma.
The multivariate analyses for abnormal airway function were performed for
the cohort and the whole study group (cohort and control group), including
all factors (both current and infantile) or only infantile factors as indicated in
Table 5b.

When analysing the impact of pre- and postnatal smoke exposure (Paper V)
on outcomes in early adulthood (asthma, BHR, active smoking and allergic
sensitisation), the multivariate model included the factors present in infancy
(Table 5c).
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Table 5. Overview of the multivariate models and outcomes used in Papers III (Table 5a), IV
(Table 5b) and V (Table 5c).

Table 5a

Multivariate models for asthma

Current factors Allergy
BHR
Active smoking
Gender

All factors Allergy
BHR
Active smoking
Gender

Family history of atopy
Early passive smoking

Infantile factors Gender
Family history of atopy
Early passive smoking

Table 5b
Multivariate model for abnormal airway function
Cohort Gender
Infantile factors Prenatal smoking
Intense disease in early life
Cohort Gender
All factors Prenatal smoking
Intense disease in early life
Current asthma
Current allergic sensitisation
Current BHR
Current active smoking
Study group Gender
Infantile factors Severe wheezing in early life (belonging to the cohort)
Study group Gender
All factors Severe wheezing in early life (belonging to the cohort)
Current asthma
Current allergic sensitisation
Current BHR
Current active smoking
Table 5¢
Multivariate models for pre- and postnatal smoke exposure
Outcomes Asthma
BHR
Allergic sensitisation
Active smoking
Adjustments Family history of atopy
Gender

Pre- and postnatal smoking respectively
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Results and Discussion

Children of Western Sweden Study, Papers I and I1
Prevalence - Papers I and 11
Recurrent wheeze

At 4.5 years of age, 20% reported at least one episode of wheezing, while 5.5%
had had a recurrent wheeze (i.e. > 3 episodes of wheezing) during the last year. Of
these, 75% reported treatment with asthma medication, 55% treatment with in-
haled corticosteroids and 55% reported doctor-diagnosed asthma. Of the children
with recurrent wheeze at preschool age, 43% had MTW, while 57% had EVW.

ICS-treated wheeze

ICS-treated wheeze was reported in 6% and, by definition, all these children
had treatment with asthma medication and inhaled corticosteroids. An asthma
diagnosis was reported in 73%. Of the children with ICS-treated wheeze at
preschool age, 41% had MTW, while 59% had EVW.

Proxy for asthma

Recurrent wheeze denotes children with repeated symptoms and can be regard-
ed as a proxy for asthma (Castro-Rodriguez et al. 2000, Simoes et al. 2007).
As might be expected, the children with recurrent wheeze in our study report
less treatment with asthma medication and less doctor-diagnosed asthma than
children with ICS-treated wheeze. This supports the reasoning that ICS-treated
wheeze is a proxy for doctor-diagnosed asthma, since these children have been
evaluated by a physician as being in need of asthma treatment.

Duration of wheeze

As illustrated in Figure 2, 67% reported no wheezing during the first 4.5 years
of life in our study. Transient wheezing (at least one episode of wheezing dur-
ing infancy but not at preschool age) was reported by 13%. Late-onset wheeze
(no wheezing in infancy but at least one episode of wheezing at preschool age)
was seen in 12.5%, while persistent wheeze (at least one episode of wheezing
reported both in infancy and at preschool age) was reported in 7.5% of the
total cohort. Of the children who reported at least one episode of wheezing
during the first year of life, 63% were symptom free during the past 12 months
at preschool age (transient wheezing). Only 15% had ICS-treated wheeze at
preschool age. Of children who reported ICS-treated wheeze during infancy,
about 50% were symptom free at preschool age. However, 40% also reported
ICS treatment at preschool age. This is illustrated in Figure 3.
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Figure 2. Type of wheeze from infancy to age 4.5 years in the Children of Western Sweden
Study. Transient wheeze indicates at least one episode of wheezing during infancy but not at
preschool age. Late-onset wheeze indicates no wheezing in infancy but at least one episode of
wheezing at preschool age. Persistent wheeze indicates at least one episode of wheezing repor-
ted both in infancy and at preschool age.
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Figure 3. Outcome at preschool age in children with reported wheezing in infancy in the Child-
ren of Western Sweden Study. The course of wheezing is shown for children with any wheeze
(i.e. at least one episode of wheezing during the first year of life), recurrent wheeze (i.e. 3 or
more episodes of wheezing during the first year of life) and for ICS-treated wheeze in infancy.
The outcomes at preschool age are shown as symptom free and wheeze with and without ICS
treatment during the past 12 months at age 4.5 years.
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Corresponding prevalence

The prevalence of wheeze at 4.5 years in our cohort is comparable to the
prevalence in other birth cohort studies. The Swedish BAMSE Study reports a
prevalence of asthma of 7% at four years of age, defined as four or more epi-
sodes of wheeze during the last 12 months or at least one episode of wheezing
during the same period if treated with inhaled corticosteroids, i.e. recurrent
and/or ICS-treated wheeze during the last year (Kull et al. 2004). The cor-
responding figure in our study is 8.4%. In the OLIN Study the prevalence of
doctor-diagnosed asthma at seven to eight years was 5.7% in 1996 and 7.4%
in 2006, but less severe respiratory symptoms were seen among asthmatics in
2006 (Ronmark et al. 2008, Andersson et al. 2010). Similarly, the prevalence
of asthma (doctor-diagnosed or use of asthma medication) at six to seven years
was 6.7% in the KOALA Study (Notenboom et al. 2011). While in the ISAAC
Study (phases one and three), the prevalence of any wheeze during the past 12
months in six to seven year olds in the Swedish material was 10% (Asher et
al. 2006).

Heredity — Paper I
Increased risk of wheeze

A family history of atopic disease and asthma (eczema, allergic rhinoconjunc-
tivitis or asthma) increased the risk of recurrent wheeze at preschool age as
presented in Paper I (Table 2, Paper I). The effect was even more pronounced
among children with MTW, supporting the notion that these children are more
prone to develop allergic disease and persistent asthma (Brand et al. 2008).
No significant effect of parental atopic disease was seen among children with
EVW.

Parental asthma, eczema and rhinoconjunctivitis

When analysing the impact of parental asthma, eczema and rhinoconjunctivitis
separately, the effect on recurrent wheeze at preschool age was not significant-
ly increased for parental rhinoconjunctivitis, while the effect was similar for
parental asthma or eczema, as shown in Table 6. However, for viral episodic
wheeze, the effect of parental asthma was most pronounced, while parental
eczema appeared to have a greater impact on MTW. This offers further sup-
port for the hypothesis relating to a higher allergic predisposition in children
with MTW.

In the investigation at 12 months of age in the same cohort (Alm et al. 2008),
maternal asthma and having a sibling with asthma or eczema increased the risk
of ICS-treated wheeze during infancy. Moreover, in other studies, a family
history of asthma or allergic disease has been reported to increase the risk of
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asthma during childhood (Martinez et al. 1995, Castro-Rodriguez et al. 2000,
Melén et al. 2004, Lim et al. 2010, Wennergren et al. 2010). In the BAMSE
Study, an effect of parental allergic disease (asthma and/or allergy to airborne
allergens) on the risk of wheezing at four years of age is reported (Melén et
al. 2004).

In addition, the West Sweden Asthma Study reports an equal impact of paren-
tal asthma and allergies on the risk of asthma in the offspring, with a synergis-
tic effect when both factors were present (Wennergren et al. 2010).

Table 6. Parental asthma, eczema and rhinoconjunctivitis analysed simultaneously in the
same model for recurrent wheeze at preschool age. In addition, results are presented for
recurrent multiple-trigger and episodic viral wheeze. Unpublished data.

Recurrent Multiple-trigger Episodic viral
wheeze wheeze Wheeze
aOR; 95% CI aOR; 95% CI aOR; 95% CI
Parental asthma 1.7;1.2-2.5 1.4,0.8-2.5 1.9;1.1-3.2
Parental eczema 2.0;1.4-2.8 3.0; 1.7-5.1 1.5;0.996-2.4
Parental rhinoconjunctivitis 1.0;0.7-1.4 1.4;0.8-2.4 0.9;0.5-1.3

Adjustments were made for parental education level, male gender, smoking during pregnancy, maternal
medication during pregnancy, gestational age < 37 weeks, caesarean section, treatment with antibiotics
during the first week of life, breast-feeding 4 months or more, doctor-diagnosed food allergy during first
year of life, eczema during the first year of life, the introduction of fish before 9 months of age and fish
once a month or more at 1 year of age.

Other allergic manifestations — Paper I
Allergic manifestations in infancy

Doctor-diagnosed food allergy or eczema during infancy independently in-
creased the risk of recurrent wheeze, with a more pronounced effect on MTW
(Table 2, Paper I). This is illustrated in Figure 4, which shows the prevalence
of early allergic manifestations among children with recurrent wheeze at pre-
school age. The same was true for ICS-treated wheeze (unpublished data, data
not shown). These findings are supported by many other studies reporting an
association between early atopic disease and subsequent wheezing and asthma
(Castro-Rodriguez et al. 2000, Kotaniemi-Syrjénen et al. 2003a, Guilbert et al.
2004, Illi et al. 2004, 11li et al. 2006, Hyvirinen et al. 2005b, Piippo-Savolain-
en et al. 2006, Piippo-Savolainen et al. 2007).
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Allergic manifestations at preschool age

Current allergic manifestations were also more prevalent among children with
recurrent wheeze at preschool age and this was clearly seen in the children
with MTW, see Table 7 (unpublished data). For example, more than 20% of
the children with MTW reported current doctor-diagnosed food allergy, while
about 15% reported doctor-diagnosed allergic rhinitis at preschool age. The
corresponding figures for EVW were 5.1% and 1.5%, which was about the
same as for the children without any recurrent wheeze at preschool age. The
increased prevalence of other allergic manifestations both in infancy and at
preschool age among the children with MTW supports the notion that these
children are more prone to develop allergic asthma as they grow up (Brand et
al. 2008). In addition, this fits well with the concept of an “allergic march”,
starting with eczema and food allergies in infancy, followed by the develop-
ment of asthma and allergic rhinitis when approaching school age (Spergel
2010).

Figure 4. Prevalence of eczema and food allergy in infancy among children with and without
recurrent wheeze at preschool age in the Children of Western Sweden Study. The results are
also shown for multiple-trigger wheeze (MTW) and episodic viral wheeze (EVW) among the
children with recurrent wheeze.
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Table 7. Prevalence of current allergic manifestations in children with no recurrent wheeze
compared with children with recurrent wheeze at preschool age in the Children of Western
Sweden Study. The results are also shown for multiple-trigger wheeze (MTW) and episodic
viral wheeze (EVW) among the children with recurrent wheeze.

# indicates a reported doctor diagnosis.

## indicates treatment with topical corticosteroids.

(*p<0.05, **p<0.01 and ***p<0.001, chi-square test).

Food Allergy  Peanut | Eczema# Eczema Eczema | Symp-  Allergic
allergy# test allergy# treated  ever tomsof  rhinitis#
positive ## allergic

thinitis

No re- 4.0% 7.6% 0.7% 8.3% 14.6% 30.0% 4.4% 1.4%
current
wheeze

Re- 13.0%**  27.0%*** 25%* | 14.0%** 24.0%*** 51.0%*** | 25.0%*** 7.0%***
current
wheeze

MTW 23.0%"* 43.0%** 5.0%™* | 19.4%™* 28.0%"* 57.0%"* | 47.0%"* 14.6%***

EVW 5.1% 13.2%*  0.7% 9.5% 20.4% 445%™ | 8.8%" 1.5%

Gender — Paper I
Increased risk of wheeze

Male gender increased the risk of recurrent wheeze at preschool age, but the ef-
fect was slightly less pronounced than that seen in infancy for any wheeze and
for ICS-treated wheeze (Alm ez al. 2008). When analysing children with MTW
and EVW separately, significance was not reached, but the effect was some-
what more pronounced among children with EVW at preschool age (Table 2,
Paper I).

It is well known that wheezing in childhood is more common among boys
(Korppi et al. 1986, Skobeloff et al. 1992, Wennergren et al. 1992, Martinez
et al. 1995, Melén et al. 2004). In the BAMSE Study, male gender was a risk
factor for both wheeze and sensitisation at the age of four years (Melén et al.
2004). We found a slightly more pronounced effect of gender on EVW and a
diminishing impact at preschool age compared with infancy. These findings fit
well with the reasoning that the increased prevalence in boys is explained by
the different airway development seen in boys and girls. As discussed above,
male infants have been reported to have more narrow airways in relation to
their absolute lung size than girls, explaining the higher incidence of wheeze
(Young et al. 2000). When the pulmonary development continues as the child
grows, the differences in the prevalence of asthma between boys and girls is
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first reduced and then switched to an increased prevalence in girls compared
with boys, starting in adolescence (Skobeloff et al. 1992, Taussig et al. 2003,
Schatz et al. 2004, Melgert et al. 2007).

Smoke exposure - Paper I
Prevalence

The prevalence of smoking during pregnancy in this cohort was 9.6%. This
is highly comparable to the prevalence of 9.6% in maternal smoking in ear-
ly pregnancy in western Sweden in 2003 reported by the National Board of
Health and Welfare (Alm ef al. 2008).

No significant effect on preschool wheeze

We found no significant effect of smoke exposure during pregnancy or in in-
fancy on the risk of recurrent wheeze at preschool age (Table 2, Paper I). In
addition, we saw no impact of exposure to snuff or nicotine supplementation
during pregnancy or passive smoking in infancy (maternal or paternal) on the
risk of wheeze (unpublished, data not shown). However, smoke exposure dur-
ing pregnancy increased the risk of ICS-treated wheeze in the univariate analy-
sis (OR 1.6; 1.1-2.3) but did not remain significant in the multivariate analysis
(aOR 1.5; 0.9-2.4).

In the follow-up at 12 months of age, an increased risk of at least one episode
of wheeze during infancy was seen with smoke exposure in utero, but it did
not increase the risk of ICS-treated wheeze during the first year of life (Alm
et al. 2008).

There are many studies reporting an increased risk of wheeze and asthma in
children exposed to tobacco smoke, especially during pregnancy (Rylander et
al. 1993, Ladrup Carlsen et al. 1999, Stein et al. 1999b, Lux et al. 2000, Tauss-
ig et al. 2003, Lannerd et al. 2006). Both Rylander ef al. and the BAMSE birth
cohort report an effect of maternal smoking during pregnancy on the risk of
wheezing bronchitis, wheeze ever and asthma (Rylander ez al. 1993, Lannero
et al. 2006). Moreover, in the ALSPAC Study, an increased risk of wheeze
with smoke exposure during pregnancy was seen (Lux et al. 2000). One pos-
sible explanation of why we did not find a clear impact of smoking during
pregnancy on wheezing at preschool age is the change in smoking habits in
recent decades, with fewer heavy smokers (see General Discussion).
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Neonatal antibiotic treatment — Paper 1
Increased risk of wheeze

Broad-spectrum antibiotics in the first week of life increased the risk of recur-
rent wheeze during the last 12 months at age 4.5 years (adjusted OR 2.2; 95%
CI 1.3-3.8) and of MTW (aOR 2.8; 1.3-6.1). The effect was comparable to
that seen on ICS-treated wheeze at one year of age, as reported earlier in the
same cohort (aOR 2.8; 1.4-5.6) (Alm et al. 2008). Our results are in line with
findings in other studies that show an increased risk of preschool wheeze in
children treated with antibiotics in infancy (Thomas et al. 2006, Kummeling
et al. 2007, Marra et al. 2009). Other studies have reported a dose-response
relationship, but our data did not allow for that analysis (Kozyrskyj et al. 2007,
Marra et al. 2009). However, the impact of neonatal antibiotics could be seen
more clearly in children with more frequent wheeze, as shown in Figure 5
(chi square for linear trend p < 0.0001). This was confirmed in a multinomial
logistic regression using ‘“no wheeze” as the reference category. The adjusted
OR for the predictor neonatal antibiotics was 1.4 (0.89-2.2) for “1-2 episodes
of wheeze” vs. “no wheeze” and 2.4 (1.3-4.2) for “> 3 episodes of wheeze” vs.
“no wheeze”.

Reverse causation

In our study, we have only considered broad-spectrum antibiotic treatment
during the first week of life to minimise the risk of reverse causation. However,
a new-born child that is predisposed to develop asthma might also be more
susceptible to neonatal infections due to a change in immune response already
at birth (Guerra et al. 2004a, Zhang et al. 2009, Sly 2011), making antibiotic
treatment a proxy for asthma rather than a causative factor.

Delayed immune maturation is more common in children with a family his-
tory of asthma and atopy (Gold et al. 2009, Sly and Holt 2011). However, we
were unable to demonstrate any interaction between atopic heredity or parental
asthma respectively and neonatal antibiotic treatment in our study (Paper I).
In addition, the effect of neonatal antibiotic treatment was still independently
significant when controlling for parental asthma separately in the multivariate
analysis. To minimise the influence of susceptibility to infections at birth, due
to delayed immune maturation, we adjusted for caesarean section and preterm
birth, as markers of postnatal vulnerability. Furthermore, we performed the
multivariate analysis also controlling for Apgar < 7 at 5 min, as a proxy for
postnatal vulnerability with stable results for all included variables.
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Figure 5. Percentage of children in the Children of Western Sweden Study that received anti-
biotics during the first week of life among children with no wheeze, 1-2 episodes of wheeze or 3
or more episodes of wheeze at preschool age. P for trend < 0.0001.

p trend < 0.0001

14
e
Sy 0
(=

o
-3 10
‘a' =
£5
©

8
c O 6
0 ©
O c
T 4 36
o

2 4

0 4

0 episodes 1-2 episodes >3 episodes
Wheeze during the last year

Patho-physiological mechanism

The neonatal immune response is dominated by a Th, response, while the
Th, immune function matures postnatally, stimulated by microbial exposure
(Bjorkstén 1999, Schaub et al. 2008, Prescott 2010). As a result, colonisation
and infections might be of importance. Colonisation begins in the first week of
life, with some fluctuations until three months of age. When established, the
gut flora is fairly stable, with only temporal changes with antibiotic treatment,
for example (Bjorkstén 1999). This indicates that disturbances in early life
might have a greater impact on the composition of the gut flora and greater im-
mune modulating effects than later disturbances. This reasoning supports our
findings that antibiotic treatment during the first week of life increases the risk
of childhood wheeze.

The composition of the gut flora has been reported to differ between children in
countries with a different prevalence of allergies. For example, Estonian chil-
dren were more intensely colonised and had a higher lactobacilli content than
Swedish children (Sepp et al. 1997, Sepp et al. 2000). In addition, a change in
the composition of the gut flora with more coliform flora was found in atopic
children in both countries (Bjorkstén et al. 1999). Our results are compatible
with this reasoning, showing a more pronounced effect of neonatal antibiotic
treatment in children with MTW, a phenotype more prone to develop allergic
(“true”) asthma (Brand ef al. 2008).
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Paracetamol - Paper 11
Prevalence

Medicines had been taken during pregnancy by 28.4% of the mothers. Paracet-
amol had been taken by 7.7%, while exclusive paracetamol use was reported
in 5.3%.

The prevalence of prenatal paracetamol exposure in children with ICS-treated
wheeze was significantly higher than in children without ICS-treated wheeze,
as illustrated in Figure 6. The subgroup of children with MTW had an even
higher prevalence, while it was less pronounced among the children with EVW
(Figure 6 and Table 1, Paper II).

Figure 6. Prevalence of prenatal paracetamol exposure among children with and without ICS-
treated wheeze at preschool age in the Children of Western Sweden Study. The results are also
shown for multiple-trigger wheeze (MTW) and episodic viral wheeze (EVW) among the children
with ICS-treated wheeze.
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Increased risk of wheeze

In line with findings in other studies, we found that the risk of ICS-treated
wheeze was independently increased by paracetamol (aOR 1.6; 95% CI 1.01-
2.6) (Shaheen et al. 2005, Koniman et al. 2007, Beasley et al. 2008, Rebordosa
et al. 2008, Garcia-Marcos et al. 2009, Perzanowski et al. 2010, Bakkeheim et
al. 2011). Recent meta-analyses have confirmed the association (Etminan et al.
2009, Eyers et al. 2011) and a dose-dependent effect has been described (Bea-
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sley et al. 2008). Our data did not allow for any analysis of a dose-response
relationship. Within the ICS-treated group, the effect was significant for MTW
(aOR 2.4; 1.2-4.8) but not for EVW (aOR 1.1; 0.5-2.3). The results were simi-
lar using the extended model, as seen in Appendix 2 (Table S1, Paper II) and
when analysing the effect of exclusive paracetamol exposure during pregnancy
(Paper II). The attributable fraction for paracetamol exposure in ICS-treated
wheeze was 4.7% (95% C1 0.1-7.6) and 8.4% (2.4-11.4) in ICS-treated MTW.

Confounding

As we consider paracetamol exposure only during pregnancy in our study, the
possible confounding of the respiratory morbidity of the child itself can be dis-
regarded. However, maternal use of paracetamol could be a proxy for maternal
respiratory infection, which we were not able to adjust for. However, we did
adjust for maternal antibiotic use and maternal asthma, since asthmatic moth-
ers might run a higher risk of respiratory infections.

The association might also be confounded by the possibility of asthmatic moth-
ers taking less aspirin/NSAID and more paracetamol instead, making paraceta-
mol use a proxy for asthma in the mother. We therefore adjusted for asthma,
eczema and rhinoconjunctivitis in the mother in our study.

In addition, it might be argued that paracetamol use in pregnancy is a marker
of a difficult pregnancy, increasing the vulnerability of the child. We therefore
adjusted for caesarean section, prematurity and a low Apgar score at five min-
utes. In addition, paracetamol use could be a proxy for other diseases and pos-
sibly also for the intake of other medication. However, in our study, the effect
of paracetamol was not altered when considering only exclusive paracetamol
exposure, excluding the use of other medication, including asthma and allergy
medication.

Fish — Paper I
Protective effect on wheeze

The introduction of fish before the age of nine months reduced the risk of re-
current wheeze (aOR 0.6; 0.4-0.8). This protective effect was not significant
for wheeze during the first year of life in the same cohort (Alm et al. 2008).
However, the risk of eczema in infancy was reduced (aOR 0.76; 0.62-0.94)
(Alm et al. 2009). In addition, a protective effect by early fish introduction has
been demonstrated in allergic rhinitis at preschool age in the same cohort (aOR
0.49; 0.29-0.82) (Alm et al. 2011). These findings are in line with the results
of other studies (Nafstad et al. 2003, Kull ez al. 2006, Hesselmar et al. 2010,
Qien et al. 2010, Kremmyda ef al. 2011).
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Type of fish

Fatty fish like salmon, mackerel and herring are supposedly richer in n-3
PUFA than white fish. Other studies have reported that the protective effect
of fish on wheeze might be independent of the type of fish ingested, indicating
that the effect cannot be ascribed to n-3 PUFA alone (Marks et al. 2006, Qien
et al. 2010). In our study, the most commonly consumed type of fish in infancy
(Paper I) was white fish (79%), followed by salmon (17%), flat fish (3%) and
herring/mackerel (1%). Since the question used in our questionnaire was not
precise enough, the data did not allow conclusions to be drawn about the influ-
ence of different types of fish on asthma development.

Confounding

Confounding by indication or bias could influence the association that was seen.
For example, a family history of asthma or early allergic manifestations in the
child, such as eczema or food allergy, could affect the timing of the introduc-
tion and possible avoidance of different foods like fish. In our study, fish was
introduced one to two weeks later in children with atopic heredity, eczema or
doctor-diagnosed food allergy during infancy. However, these variables were
all adjusted for in the multivariate analysis and we found no significant interac-
tion between them and early fish introduction. In addition, socioeconomic fac-
tors and other lifestyle factors could influence the dietary pattern. We adjusted
for parental educational level and factors known to vary with socioeconomic
status, such as breast-feeding and maternal smoking during pregnancy. In the
extended multivariate model (p<0.1 in the univariate analyses), adjustments
were made for maternal age at birth and paternal employment at six months.

Window of opportunity

The protective effect we found following the early introduction of fish was
independent of atopic heredity, the educational level of the parents and al-
lergic disease during infancy. These findings are in line with the reports from
the BAMSE Study, the LISA Study Group and the Australian CAPS Study,
which found no evidence supporting the delayed introduction of solids in or-
der to prevent allergic disease and asthma (Kull et al. 2006, Mihrshahi et al.
2007, Zutavern et al. 2008). In addition, the American Academy of Paediatrics
concludes that there is “little evidence that delaying introduction of comple-
mentary foods beyond 4 to 6 months of age prevents the occurrence of allergic
disease” (Greer et al. 2008). In fact, there is growing support for the notion that
regular, early exposure to food proteins during a “window of opportunity” in
infancy stimulates the development of tolerance to food allergens. This “win-
dow of opportunity” supposedly occurs between four and six months of age
and delayed exposure might even increase the risk of food allergy (Prescott
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et al. 2008). This reasoning is supported by the findings by du Toit et al. that
the prevalence of peanut allergy is reduced in Jewish children in Israel, where
peanuts are introduced during early weaning in infancy, compared with Jewish
children in the UK, who avoided peanuts in line with current recommendations
(Du Toit et al. 2008).

Possible interaction

There was some indication of a combined effect between neonatal antibiotics
and early fish introduction. This is illustrated in Figure 7 where the prevalence
of recurrent wheeze in late fish users exposed to neonatal antibiotics was more
than five times the prevalence of early fish users not exposed to neonatal an-
tibiotics. In children who were exposed to neonatal antibiotics but were early
fish users or late fish users not exposed to neonatal antibiotics, the prevalence
of recurrent wheeze was only twice as high. In addition, the indication of a
combined effect was also evident in a stratified logistic regression, as shown in
Figure 8. However, the interaction did not reach significance (p=0.084).

Figure 7. Prevalence of recurrent wheeze at preschool age among children with or without neo-
natal antibiotic treatment (No Ab or Ab) and with late or early introduction of fish (Late fish/Early
fish) respectively. The results indicate a synergistic effect if exposed to both antibiotic treatment and
the late introduction of fish. However, there was no statistically significant interaction (p=0.084).
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Figure 8. The risk of recurrent wheeze for children with or without neonatal antibiotic treatment
and with the late or early introduction of fish respectively. The results indicate a synergistically
increased risk of recurrent wheeze if exposed to both antibiotic treatment and the late introduc-
tion of fish. However, there was no statistically significant interaction (p=0.084).
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Breast-feeding — Paper I
Possible protective effect

We found indications of a protective effect, close to significance, by breast-
feeding for four months or more on recurrent wheeze at preschool age (aOR
0.7; 0.5-1.04), Table 2 in Paper I. However, in the extended model (including
factors with p<0.1 in the univariate analyses), the protective effect was statisti-
cally significant (aOR 0.6; 0.4-0.96), as seen in Appendix | (Table S3, Paper
I). These findings are supported by other studies which found an inverse as-
sociation between breast-feeding and wheezing at preschool age (Wright et al.
2001, Elliott et al. 2008, Scholtens et al. 2009, Kull et al. 2004). In addition,
Alm et al. found a similar impact of breast-feeding on any wheeze and on ICS-
treated wheeze during infancy in the same cohort (Alm et al. 2008).

Episodic viral wheeze most affected

Interestingly, in our study, we note a pronounced risk reduction in children
with EVW (aOR 0.6; 0.3-0.9, extended model), while no protective effect was
seen in children with MTW (aOR 0.8; 0.4-1.5, extended model), Appendix 1
(Table S3, Paper I). This indicates a risk reduction in children with non-atopic
disease, which might be due to breast-feeding reducing the susceptibility to
infections, resulting in fewer respiratory infections and thereby less wheezing
(Duijts et al. 2009). In addition, no obvious effect is seen in the children with
a predisposition for atopic disease (MTW), in line with previous findings of no
protective effect by breast-feeding on subsequent allergic disease (Kramer and
Kakuma 2002, Nagel et al. 2009, Flohr et al. 2011).
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Other factors of interest — Paper I
Wheezing with viral infections

Wheezing with viral infections in early life has been associated with an in-
creased risk of subsequent wheeze and asthma (Taussig et al. 2003, Piippo-
Savolainen et al. 2004, Hyvirinen et al. 2005b, Sigurs et al. 2010). In par-
ticular, RSV and rhinovirus have been put forward as especially important
pathogens in this context (Stein et al. 1999a, Kotaniemi-Syrjénen et al. 2003b,
Hyvérinen et al. 2005b, Lemanske et al. 2005, Sigurs et al. 2010).

In our cohort, we had no specified information about early viral infections.
However, wheezing in early childhood is most frequently triggered by viral in-
fections, as is also shown in our data. More than 95% of children with wheez-
ing at preschool age reported having a cold (viral infection) as a trigger factor
for wheeze. As mentioned above, 63% of children with recurrent wheeze were
classified as having EVW (wheeze triggered only by colds) at preschool age.

Day care and older siblings

Ball et al. report day care attendance and having more siblings as being associ-
ated with an increased risk of wheezing LRI in early childhood. However, the
risk of asthma, wheeze and atopy at school age was reduced. Exposure to other
children therefore increased the risk of wheeze in early life but was protective
for asthma and wheeze in school-age children (Ball ef al. 2000, Taussig et al.
2003). In our study, attending day care during the first year of life was reported
in about 20% of the children, but this did not influence the risk of wheeze in
infancy or at preschool age (unpublished, data not shown). Having two or more
siblings slightly increased the prevalence of any wheeze and recurrent wheeze
in infancy, but it did not affect the risk of recurrent wheeze at preschool age,
Table 8 (unpublished data). The effect of exposure to other children therefore
appeared to follow the same pattern as that reported in the Tucson Study.

Table 8. Prevalence of wheeze in infancy and at preschool age among children with fewer
than 2 siblings or 2 or more siblings reported at 6 months of age. The results indicate an as-
sociation between number of siblings and risk of wheeze in infancy but not with risk of wheeze
at preschool age.

Any wheeze in Recurrent wheeze in  Recurrent wheeze at
infancy, % infancy, % preschool age, %
Fewer than two 20 5.3 5.3
siblings
Two or more siblings 25 76 5.7
p-value 0.001 0.014 0.664

(Fisher’s two-sided)
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Obesity

At this time, the potential impact of overweight and obesity on subsequent
wheeze and asthma during childhood has not been evaluated in this study.

Vitamin D

We saw no effect by vitamin D supplementation on the risk of wheeze at
preschool age. We had data on vitamin D supplementation (yes or no) at 12
months of age and only 282 children (5.7%) were reported not to receive their
recommended supplementation. Our data did not allow for any analysis of the
dose or length of the supplementation. It was therefore not possible to perform
an analysis of the actual vitamin D status of the child.

Rural residence

Information on rural residence was requested in the six-month questionnaire.
Around 20% (1,155) of the children were reported to have a rural residence
(unpublished data). At preschool age, we included a question about whether
the family lived on a farm and 5.3% (240) reported doing so (unpublished
data). However, neither a rural residence in infancy nor living on a farm at
4.5 years of age was associated with less risk of wheezing at preschool age
(unpublished data).

A protective effect on asthma and allergic disease following exposure to a
farm environment has been reported (Ege et al. 2007, Eriksson et al. 2010,
Wennergren et al. 2010, Roduit et al. 2011). Exposure during pregnancy and
the first year of life might be of greater importance than subsequent exposure
influencing the maturing immune system (Ege et al. 2006, Roduit et al. 2011).
In addition, certain kinds of farming environment, such as different kinds of
stock and the way they are kept, might influence the outcome (Ege et al. 2007).
Our information on a farming environment does not provide specific informa-
tion regarding the timing and length of exposure or the kind of animals that
were kept on the farm, for example. This might explain why we do not see an
effect on preschool wheeze.

Furry animals in the home

No association between having a furry animal in the home in infancy and sub-
sequent wheeze was seen in our study (Paper I, data not shown). This did not
change when adjusting for the possibility of allergic families avoiding furry
pets (a question was included in the questionnaire regarding the reason for not
having pets). The protective effect of domestic animals that has previously
been described has mostly been shown in relation to allergic sensitisation. The
effect has been reported to be allergen specific, with, for example, exposure
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to cats reducing the risk of subsequent sensitisation to cats (Platts-Mills et al.
2001, Ownby et al. 2002, Almqvist et al. 2010, Wegienka et al. 2011).

Phenotype differences

Our results indicate different presentations of allergic manifestations for EVW
and MTW, as mentioned above and illustrated in Figure 4 and Table 7. MTW
is associated with a higher prevalence of other allergic manifestations such
as eczema, food allergy and allergic rhinitis both in infancy and at preschool
age. In addition, our results show some differences in risk factors for MTW
and EVW (Table 2, Paper I and Table 1, Paper II). To summarise, these find-
ings support a more allergic nature of MTW, suggesting a higher risk of the
development and persistence of allergic asthma. On the other hand, the nature
of EVW appears to be more non-atopic.

Multiple-trigger wheeze

In line with the Asthma Predictive Index, the effect of atopic heredity, as well
as food allergy in infancy, was more pronounced in children with MTW (Cas-
tro-Rodriguez et al. 2000). In addition, the association with antibiotic treat-
ment during the first week of life was only significant for MTW. This indicates
a greater impact on subsequent allergic asthma development in line with the
findings of Droste et al., who report an effect of antibiotics early in child-
hood only in children with atopic heredity (Droste et al. 2000). Furthermore,
paracetamol exposure during pregnancy increased the risk of MTW, but not
of EVW, within the ICS-treated group. This may suggest a link between par-
acetamol exposure and the development of allergic asthma.

Episodic viral wheeze

The effect of male gender and the duration of breast-feeding appeared to be
more pronounced among children with EVW, even though it was only close to
significance. The protective effect of breast-feeding was more emphasised in
children with EVW and this supports the reasoning that breast-feeding reduces
susceptibility to infections (Duijts ef al. 2009). In addition, we can see a more
pronounced effect of caesarean section among the EVWs, even though it was
only close to significance. Caesarean section might be a marker of postnatal
vulnerability, with perhaps affected airway function and susceptibility to respi-
ratory infections and wheezing (Thavagnanam et al. 2008).

Representativeness of the sample

As presented in Appendix 1 (Table S4, Paper 1), some differences were found
between the responders and non-responders to the follow-up at 4.5 years.
Among the non-responders, the frequency of parents with a low educational
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level and mothers smoking during pregnancy and preterm birth was higher.
There was also a slightly lower prevalence of atopic heredity and breast-feed-
ing for four months or more among non-responders. No other significant dif-
ferences were found. In addition, it can be noted that, even though the dif-
ferences were statistically significant, the numerical differences were small.
Furthermore, as previously reported by Alm et al., the material appears to be
largely representative of the population. A comparison was made of gesta-
tional age, birth weight, maternal age, smoking during pregnancy and mode
of delivery between our cohort and data for the Swedish birth cohort of 2003
from the National Board of Health and Welfare and very similar figures were
found (Alm et al. 2008).

Strengths and weaknesses
Outcome measures

The weaknesses of this study are those inherent in questionnaire-based stud-
ies, i.e. there can always be some uncertainty about the validity of answers.
The outcome variables were based on parental reports of symptoms and di-
agnoses. No objective measures of atopy or asthma were available. However,
our questionnaire is based on the Swedish part of the ISAAC Study and the
Swedish BAMSE Study. For example, we have used the Swedish term for
wheeze (“pipande eller visande” breathing) which was used in both those
studies. There is good agreement between the Swedish and English wordings.
The Swedish word “pipande” means whistling or wheezing, “eller” means or
and “vdsande” means hissing or wheezing. Like the English word “wheezing”,
“vdsande” is onomatopoetic.

Recurrent symptoms of wheezing in this age group (preschoolers) can be con-
sidered to represent asthma, which is supported by the high prevalence of cur-
rent asthma medication among children with recurrent wheeze in our study
(75%). Furthermore, 73% of children with ICS-treated wheeze reported an
asthma diagnosis, confirming the notion that ICS-treated wheeze is a proxy for
doctor-diagnosed asthma.

Antibiotic treatment

The question about antibiotic treatment was asked retrospectively (six months
post-partum) and no hospital charts were available to confirm indication or
dosage.

Medication during pregnancy

The question about medication during pregnancy was also asked retrospec-
tively (six months post-partum) and did not relate to paracetamol use in par-
ticular. As a result, information on dose or time of intake was not available.
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However, it might be argued that the mothers who reported paracetamol use
during pregnancy in our study considered their use substantial enough to re-
port. Furthermore, we do not have any information on paracetamol use by the
child itself during the first years of life. This has been reported to increase the
risk of subsequent asthma and could influence the outcome at preschool age
(Beasley et al. 2008).

Possible bias

As expected, the responders at 4.5 years were somewhat more diligent and
health conscious than the non-responders. This could result in some bias in the
sample, but this is difficult to avoid in cohort studies.

Strengths

One strength of the study is the large size of the birth cohort. In all, we have
data from all three questionnaires for more than 4,000 children. We consider
our multivariate model to be stable and reliable, adjusting for the plausible
confounders available. This is supported by the similar results using an ex-
tended multivariate model that included factors with p < 0.1 in the univariate
analysis. As reported earlier, the material appears to be largely representative
of the population (Alm et al. 2008).

Wheezing bronchitis follow-up, Papers III, IV and V
Asthma prevalence in adolescence - Paper 111

In the re-investigation at 17-20 years of children hospitalised due to wheezing
bronchitis before the age of two years, 43% (38/89) reported asthma in the pre-
ceding 12 months. Our findings correspond well with the prevalence reported
in other re-investigations following early viral wheeze, as summerised in Table
9. Piippo-Savolainen et al. in the Korppi group report an asthma prevalence of
30 to 41% at age 18-20 years, depending on the definition (Piippo-Savolainen
et al. 2004), and Sigurs et al. report a prevalence of 39% at age 18 years (Sig-
urs et al. 2010).

Higher than control group

The asthma prevalence of 43% was significantly higher compared with the prev-
alence of 15% in the control group. There were some indications that asthmatics
were over-represented in the control group, which would indicate an even lower
asthma prevalence in the general population. Belonging to the cohort, i.e. hav-
ing been hospitalised due to early wheezing, was an independent risk factor for
asthma at age 17-20 years in the total study group. The risk of having asthma
was four times higher in the cohort compared with the control group.
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Mild, moderate and severe asthma

Of the subjects with asthma in the cohort, two thirds were classified as mild
and one third as moderate to severe asthma. A similar distribution was found
among the subjects reporting asthma at preschool and school age in the cohort.
This was also the case among the asthmatics in the control group at age 17-20
years, as indicated in Figure 1, Paper III.

Course of asthma

We can see an increase in asthma prevalence in adolescence compared with
the asthma prevalence of 30% reported in the re-investigation at 10 years, in-
dicating a relapse of wheezing symptoms in some individuals (Wennergren
et al. 1997). The course of wheezing from early childhood to adolescence is
illustrated in Figure 2, Paper IlI, indicating a group of children with a symp-
tom free period during childhood but with relapsing symptoms in adolescence.
Only 12% of the cohort reported persistent asthma, i.e. classified as asthmat-
ics in all three re-investigations. Of the subjects who were free from asthma
in adolescence, more than half had already become symptom free before the
first re-investigation at preschool age. The remainder became symptom free at
a later age.

Airway function in adolescence - Paper IV
Asthmatic females in the cohort most affected

We found signs of reduced airway function in the subjects in the cohort, i.e. in-
dividuals hospitalised due to wheezing bronchitis before the age of two years.
The expiratory flow measurements were particularly affected (FEV /FVC,
MEF ; and MEF,)). When comparing the cohort with the control group, a re-
duction was seen both pre- and post-BD in the cohort (Table 1, Paper IV). In
addition, abnormal airway function was found in 31% in the cohort vs. 16% in
the control group (p = 0.040). Furthermore, subjects with asthma had signs of
reduced airway function (Table 2 in Paper V), but the symptom free subjects
in the cohort also had lower FEV /FVC than symptom free subjects in the con-
trol group. The reduction in airway function was most pronounced in asthmatic
females in the cohort, as indicated in Figure 1, Paper IV. Females in the cohort
had lower airway function than males, with a higher prevalence of abnormal
airway function. In addition, the airway function measurements of females in
the cohort differed from those of female controls.

Having bronchial hyper-responsiveness at age 17-20 was associated with
somewhat affected airway function measurements. In addition, subjects with
allergic sensitisation in the cohort had signs of reduced airway function com-
pared with subjects with allergic sensitisation in the control group.
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Furthermore, an intense disease in infancy was associated with lower MEF,|
in early adulthood and, as reported in Paper V, a reduced post-BD FEV /FVC
was found in subjects exposed to smoke in utero.

Risk factors for abnormal airway function

In our study, the risk of abnormal airway function in early adulthood within the
cohort was independently increased by female gender and prenatal smoke ex-
posure. Female gender was also an independent risk factor in the whole study
group, as was hospitalisation due to wheezing, i.e. belonging to the cohort. In
addition, bronchial hyper-responsiveness independently increased the risk of
abnormal airway function post-BD (Table 4, Paper IV). The risk factors of
importance are summarised in Figure 2, Paper I'V.

Other studies

Our findings of a reduction in airway function in early adulthood following
early wheezing are consistent with other studies (Piippo-Savolainen et al.
2004, Sigurs et al. 2010). In the post-bronchiolitis study by the Korppi group,
Piippo-Savolainen et al. report signs of reduced airway function affecting
expiratory flow measurements in particular, in the post-bronchiolitis group
compared with controls. Abnormal airway function (same definition as in our
study) was seen in 36% of the bronchiolitis group compared with 11% in the
control group (Piippo-Savolainen et al. 2004). Moreover, in the follow-up of
viral wheezing, the Korppi group report reduced FEV /FVC and MEF ; in sub-
jects with teenage asthma (Hyvérinen et al. 2007).

Sigurs et al. report reduced airway function, with lower FEV /FVCand FEF,, _, at
18 years of age in children with early RSV infection, regardless of current asthma
or allergy. In addition, greater airway hyper-responsiveness and bronchodilator
response was seen within the RSV group. An increase in the lung clearance index
(LCI) indicating abnormal ventilation distribution, was seen in subjects with cur-
rent asthma, but it did not differ between the RSV cohort and the controls (Sigurs
et al. 2010). Already at 13 years of age, signs of reduced airway function (lower
FEV /FVC ratio and FEF.,) in the children with RSV-induced wheeze were seen
in subjects both with and without asthma (Sigurs et al. 2005).

In line with the findings in the post-bronchiolitis study by the Korppi group, we
found affected airway function pre-BD (Piippo-Savolainen et al. 2004). In ad-
dition, we were able to see a reduction post-BD, indicating not only an increase
in airway tone but also possible structural changes to the small airways in the
cohort. These post-BD findings were most pronounced among females in the
cohort and following prenatal smoke exposure.
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Reference values

The differences that were seen were confirmed using reference values for older
individuals as well (> 20 years), ensuring the validity of the reference values
reported by Solymar et al. (data not shown, Solymar et al. 1980, Hedenstrom
et al. 1985, Hedenstrom et al. 1986). In addition, no difference in height was
seen when comparing females in the cohort and the control group, with and
without asthma (data not shown). The difference that was seen was therefore
not height related. A true difference is further supported by the findings of a
difference using both spirometry and the FOT method (data not shown).

Virus or host
Impact of viral agent

At admission, a virus infection could be verified in 40 of the 101 subjects in the
cohort. Of these, RSV was identified in 28% of the total cohort but in half the
children admitted during the winter/spring season (Wennergren et al. 1992).
The outcome at neither preschool age nor school age differed between those
with or without an RSV infection at admission (Wennergren ef al. 1992, Wenn-
ergren et al. 1997). In addition, no association was found between RSV infec-
tion at admission and atopic disease at school age (Wennergren ef al. 1997). In
line with these findings, we found no difference in asthma prevalence or airway
function at age 17-20 years between subjects with and without a verified RSV
infection at admission (Paper III and Paper IV) — in other words, those with
wheezing from a non-RSV infection had a similarly high prevalence of asthma.

Even though a virus infection could not be verified in more than 40/101 indi-
viduals, we believe that the majority of infections at admission were caused by
a virus (Heymann et al. 2004, Jartti et al. 2004). For example, the diagnostic
technique for identifying rhino- and coronaviruses was lacking at the time of
admission. The majority of non-diagnosed cases most definitely had a rhinovi-
rus aetiology. Our findings indicate that hospitalisation due to viral wheezing in
early life increases the risk of subsequent asthma and impaired airway function
even in early adulthood. However, the type of viral agent causing the infection
associated with wheezing did not influence the risk of subsequent disease, sup-
porting the notion of a host predisposed to wheeze with viral infection.

Other studies

Sigurs et al. report an increased risk of asthma, allergic sensitisation and af-
fected airway function until the age of 18 years in children with early severe
RSV-induced wheezing. However, the comparison in this study was made
with controls who were healthy at admission (Sigurs ef al. 2010). So, our find-
ings do not contradict those of Sigurs et al., who found an increased risk of
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asthma in children with early severe RSV-induced wheezing compared with
healthy controls.

However, there are some indications that different viral agents affect the
risk of subsequent asthma more than others. In the Finnish follow-up study
of viral wheeze from the Korppi group, a higher risk of teenage asthma was
found among those with wheezing caused by rhinovirus compared with RSV
(Hyviérinen et al. 2005b). This was confirmed in the COAST Study, which re-
ported that rhinovirus-induced wheeze in early life was a stronger predictor of
asthma at six years than early wheezing caused by RSV (Jackson ef al. 2008).
A host also responding with wheeze to rhinovirus, which generally has less
wheeze-eliciting properties, runs a higher risk of subsequent asthma, indicat-
ing a more vulnerable host, predisposed to wheezing with viral infections.

Virus or host

The increased risk of asthma following early viral wheeze could be due to
damage to the airways and induced changes in the immune system as a result
of the viral infection (Busse et al. 2010). However, it might also be that indi-
viduals predisposed to asthma have increased susceptibility to viral infections
and a higher risk of wheezing once infected (Lemanske et al. 2005, Kuheni et
al. 2009, Thomsen et al. 2009).

Perhaps the answer is a combination of the two proposed mechanisms. Some
individuals might have an underlying vulnerability and an increased risk of
viral wheeze. For example, a change in immune response with defective in-
terferon-gamma production has been seen already neonatally in individuals at
higher risk of subsequent atopic disease and wheeze (Tang et al. 1994, Guerra
et al. 2004a, Gern et al. 2006). In addition, the viral infection might affect the
airway epithelium and immune response more severely in some individuals.
For example, an underlying allergic inflammation promotes viral replication
and more severe viral infection. In addition, increased allergic inflammation is
seen with viral infection (Busse et al. 2010). The susceptibility and predisposi-
tion of the host are therefore important, but the environmental factors that are
encountered, such as viral infections, may also affect the outcome.

Heredity
Family history of atopy

The prevalence of atopy in parents or siblings was reported in 57% (58/101)
of the cohort at admission (Wennergren ef al. 1992). Having a family history
of atopy was defined as asthma, allergic rhinoconjunctivitis, food allergy or
atopic eczema in parents or siblings. In the re-investigation at 17-20 years,
an increased risk of current asthma was seen in subjects with a family history
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of atopy in the univariate analysis (Table 1 in Paper III), but it did not reach
significance in the multivariate analysis (aOR 2.7; 0.9-7.5) (Table 3 in Paper
II1). However, family atopy was associated with having current allergy in early
adulthood, which was an independent risk factor for current asthma.

A family history of both asthma and allergies has been reported to increase
the risk of subsequent asthma in the offspring (Castro-Rodriguez et al. 2000,
Melén et al. 2004, Lim et al. 2010, Wennergren et al. 2010). It has been sug-
gested that maternal asthma has a greater impact (Lim et al. 2010). However,
in our study, the data on atopy in parents or siblings at admission are somewhat
blunt and do not allow for any detailed analyses of different heredity patterns.

Other follow-up studies

In the follow-up studies of severe viral wheeze in early life, the impact of
family history on the long-term prognosis varies. In the Korppi group, Piippo-
Savolainen et al. report an increased risk of asthma at age 18-20 in subjects
with parental asthma but not with parental atopy or eczema (Piippo-Savolainen
et al. 2006). Likewise, in the follow-up of viral wheeze, the Korppi group
report that parental asthma is more common among subjects with teenage
asthma, but the association did not reach significance. No association was seen
with parental atopy (Hyviérinen et al. 2005b). Sigurs et al. report no indepen-
dent impact of a family history of asthma or atopy on the risk of asthma at
age 18 years. However, there were some indications of an interaction between
parental asthma and early RSV infection, with an increased risk of both current
asthma and allergy (Sigurs et al. 2010).

Other allergic manifestations
Current allergy

At the re-investigation at 17-20 years (Paper I1I), 60% of the cohort reported
current allergy (sensitisation, ARC or eczema). Current allergy was indepen-
dently associated with current asthma in early adulthood and was more preva-
lent with more severe asthma (Table 1, Figure 3, Paper III). However, atopy
at admission or at the previous re-investigations did not predict the outcome at
age 17-20 years. Nor was the eosinophilic count at admission or at age 17-20
years associated with asthma in early adulthood.

Previous re-investigations

At admission, atopic symptoms other than wheezing were reported in 25%
and of those more than 70% had eczema. In the preschool follow-up, past
or present atopic disease increased the risk of preschool asthma. However,
atopic symptoms evident on admission did not by themselves increase the risk
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of asthma at preschool age. Nor did the eosinophilic count or the total IgE at
admission (Wennergren et al. 1992). At school age, atopic disease in recent
years (current or from the age of six years) was strongly associated with cur-
rent asthma. However, early atopic disease at the first re-investigation did not
predict asthma at school age. The eosinophilic count at admission predicted
atopic disease, but not asthma, at school age (Wennergren et al. 1997).

Other studies

As discussed above, early allergic disease and eczema are known to affect the
risk of subsequent wheeze and asthma (Castro-Rodriguez et al. 2000, Guilbert
et al. 2004, Hyvérinen et al. 2005b, Piippo-Savolainen et al. 2006, Piippo-
Savolainen et al. 2007).

In the post-bronchiolitis study from the Korppi group, allergic sensitisation in
early adulthood was associated with current doctor-diagnosed asthma and BHR
(Piippo-Savolainen et al. 2004). In addition, an association was found between
having either eczema or an elevated total serum IgE before the age of two years
and asthma in early adulthood. However, the association was not seen when
the factors were analysed separately (Piippo-Savolainen et al. 2006).

In the follow-up of severe viral wheeze, Hyvirinen et a/l. found that specific IgE
for inhaled allergens, though uncommon in infancy, and early atopic eczema
predicted teenage asthma. However, total IgE did not independently predict
teenage asthma, but was associated with an increased risk of persistent asthma
following severe viral wheeze (Hyvarinen ef al. 2005b, Hyvirinen 2009). Fur-
thermore, eosinophil cationic protein (ECP) in infancy correlated with teenage
asthma as a marker of early airway eosinophilia (Hyvérinen et al. 2010).

Sigurs et al. report an increased prevalence of ARC and sensitisation, but not
eczema, in the RSV group compared with the controls at age 18 years. In the
multivariate analysis, current ARC was an independent risk factor for current
asthma. The subjects with persistent or relapsing asthma until age 18 years had
the highest prevalence of current ARC and sensitisation, with the same pattern
already evident at age seven years (Sigurs et al. 2010).

Immune response during viral infection

A difference in the immune response during viral infections has been reported
between children with persistent and transient wheeze. In children with tran-
sient wheeze, the same pattern as in non-wheezing children was seen, with a
reduction in circulating eosinophils during acute viral infection. However, this
response was not seen in children with persistent wheeze, where no reduction
in eosinophils was seen during the acute phase of viral infection (Martinez et

82



Results and Discussion

al. 1998). As stated above, we found no clear association between eosinophilic
levels at first admission (during viral infection) and asthma during childhood
or adolescence. However, a higher eosinophilic count was seen among chil-
dren with atopic disease at age 10 years (Wennergren ef al. 1997).

In accordance with our findings, the two Finnish studies from the Korppi group
found no association with the eosinophilic count at the first admission during
viral infection with later wheeze until adult age (Hyvérinen ez al. 2005b, Piip-
po-Savolainen 2006, Ruotsalainen et al. 2010). However, eosinophilic levels
outside infection predicted asthma until school age but not thereafter (Piippo-
Savolainen 2006, Hyvérinen et al. 2010). In addition, children with a primary
infection caused by RSV had a lower eosinophilic count during the acute phase
than if the infection was caused by other viruses (Piippo-Savolainen 2006).
RSV aetiology was associated with a more favourable outcome and the find-
ings are in line with the reports from the COAST Study (Hyvérinen et al.
2005b, Lemanske et al. 2005).

Gender
Gender distribution

At admission in early childhood, the cohort was dominated by boys (61%),
reflecting the increased risk of wheezing among boys in infancy and early
childhood (Korppi et al. 1986, Skobeloff et al. 1992, Wennergren et al. 1992,
Martinez et al. 1995, Melén et al. 2004). In adolescence, a shift is seen, with
asthma being more prevalent among females at age 17-20 years (Figure 9).

The shift in gender distribution took place between the re-investigations at 10
and 17-20 years. This is consistent with the previously described gender dis-
tribution of asthma seen during adolescence, resulting in an increased preva-
lence of asthma in females in adulthood (Anderson et al. 1992, Skobeloff et al.
1992, Schatz et al. 2004). However, this gender shift is not seen in the post-
bronchiolitis studies of the Korppi and the Sigurs groups (Piippo-Savolainen
et al. 2006, Hyvérinen et al. 2005b, Sigurs ef al. 2010). Sigurs et al. report no
gender difference in asthma prevalence at age 18 years (40% vs. 38%, in males
and females respectively) (Sigurs et al. 2010).

Course of wheezing

The course of wheezing and asthma in our cohort also differed between males
and females. Persistent asthma (asthma in all re-investigations) was seen in only
8% of the boys, while 21% of the girls had persistent asthma. Until school age,
the prevalence of asthma decreased in both girls and boys, with boys becoming
symptom free somewhat earlier than girls. Transient wheeze (already symptom
free at preschool age) was seen in 40% of the boys but only 20% of the girls.
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Similar to the pattern seen in the Tucson Study, the prevalence of asthma
in boys steadily decreased until early adulthood in our study (Taussig et al.
2003). In addition, girls had a higher incidence of relapsing symptoms during
adolescence, with an increased prevalence of asthma seen in early adulthood.
Almost 40% of the girls reported relapsing asthma after a symptom free period
at preschool and/or school age. The course of asthma in boys and girls in the
cohort is illustrated in Figure 10 and Figure 11.

Airway function

As mentioned above, airway function was reduced in females in the cohort,
compared with males in the cohort and females in the control group. The re-
duction was especially pronounced in females with current asthma in the co-
hort (Figure 1, Paper IV).

Female gender was an independent risk factor for asthma in early adulthood
both in the cohort and in the total study group (cohort and control). In addition,
the risk of abnormal airway function in early adulthood was independently
increased in females.

Figure 9. Gender distributions among subjects with asthma among children with severe viral
wheeze before the age of two. Asthma was more prevalent among boys until school age. A shift
is seen in adolescence, with asthma becoming more prevalent among females.
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Figure 10. Course of asthma from early childhood to late adolescence among males and females
respectively, in children hospitalised due to early viral wheeze. Transient wheeze (symptom free al-
ready at preschool age) and wheeze in remission (symptom free from school age or in adolescence)
was more prevalent among males, while females had more persistent (asthma at all re-investigations)
and relapse of asthma (symptom free period at preschool and/or school age) in early adulthood.
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Figure 11. Prevalence of asthma at the re-investigations among males and females respectively.
Both males and females had a reduced prevalence of asthma during preschool and school age.
However, females had a high rate of relapse of symptoms during adolescence, while males
remained in remission.
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Pre- and postnatal smoke exposure
Prevalence

Postnatal smoking in the home by at least one parent was reported in 66%
(60/91) of the cohort. Prenatal smoke exposure was not asked about at admis-
sion, but it was gathered from the MBR, with 55% (37/67) reporting maternal
smoking during pregnancy. In line with findings in previous studies, very few
mothers who smoked during pregnancy stopped smoking after giving birth
(Alm et al. 1998, Stein et al. 1999b). In fact, 87% of the subjects in our cohort
that were exposed in utero were also exposed postnatally. Only 30% of the
cohort was not exposed either in utero or in infancy, Appendix 3 (Figure S2 in
Paper V). The prevalence of smoke exposure during pregnancy in our cohort
was higher than the average pregnant population during that time, 55% vs. 32-
34%, reported by the Swedish National Board of Health and Welfare (Swedish
National Board of Health and Welfare, 2004).

Increased risk of asthma

An increased risk of asthma following postnatal smoke exposure was obvious
in the re-investigation at 10 years of age (Wennergren ef al. 1997). However,
even at preschool age, the prevalence of postnatal smoke exposure was higher
among asthmatics compared with symptom free individuals, 73% vs. 58%
(Wennergren et al. 1992). Eighty-four per cent of the children not exposed
to smoke during infancy were symptom free at school age. However, current
passive smoking at school age did not significantly increase the risk of school
age asthma (Wennergren et al. 1997). On the other hand, passive smoking at
school age did increase the risk of asthma in early adulthood (Paper V). Pas-
sive smoking at school age and in early adulthood was clearly associated with
smoke exposure both pre- and postnatally, Appendix 3 (Table S1A and S1B
in Paper V).

Both pre- and postnatal smoke exposure were independent risk factors for
asthma at age 17-20 years, Appendix 3 (Table S3A in Paper V). The more se-
vere the asthma, the more frequently subjects were exposed to smoke in utero
and during infancy (p (trend) = 0.010). However, we found no dose-response
effect between subjects exposed to more or less than nine cigarettes per day.
Our findings are consistent with previous reports of an increased risk of sub-
sequent wheezing and asthma in childhood following smoke exposure both in
utero and in infancy (Rylander ef al. 1993, Ledrup Carlsen et al. 1999, Stein et
al. 1999b, Lux et al. 2000, Lanner? et al. 20006).
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Prenatal smoke exposure and airway function

We found an independent association between prenatal smoke exposure and
bronchial hyper-responsiveness in early adulthood, Appendix 3 (Table S3B in
Paper V). Prenatal smoke exposure was also associated with a reduced FEV /
FVC post-BD, while postnatal smoke exposure did not correlate with any spi-
rometry findings (Paper V). In the multivariate analysis of infantile risk fac-
tors for abnormal airway function in the cohort, prenatal smoke exposure was
found to be an independent risk factor post-BD (Paper 1V).

In previous studies, prenatal smoke exposure has been reported to be associ-
ated with impaired airway function in infancy and childhood (Hanrahan et al.
1992, Ladrup Carlsen et al. 1997, Gilliland et al. 2000). In the Korppi group,
Hyvirinen et al. found an association between teenage BHR and maternal
smoking during pregnancy but not smoke exposure in infancy (Hyvérinen et al.
2007). However, it has been argued that postnatal smoke exposure also affects
the risk of wheeze, which is supported by the findings that asthmatic children
exposed to tobacco smoke have more severe asthma symptoms and poorer air-
way function than unexposed asthmatic children (Mannino et al. 2002).

In addition, Piippo-Savolainen et al. report a decrease in airway function in
early adulthood following smoke exposure during the first two years of life
(Piippo-Savolainen et al. 2006). However, given their close relationship, it is
difficult to distinguish the effect of pre- and postnatal smoke exposure from
one another and the possibility that the effect on adult airway function is due
to prenatal smoke exposure cannot be ruled out (Alm et al. 1998, Stein et al.
1999b).

Postnatal smoke exposure and active smoking

In our study, postnatal smoke exposure during infancy was an independent risk
factor for active smoking at age 17-20 years, Appendix 3 (Table S3C in Paper
V). Active smoking has been associated with current asthma in our (Paper III)
and other studies (Strachan et al. 1996, Sears et al. 2003, Hedman et al. 2011).
This supports the findings of a social inheritance and perhaps a genetic inheri-
tance of the predisposition to become addicted to tobacco smoke (De Vries et
al. 2003, Vink et al. 2005).

Smoking cessation

Notably, we found that individuals with continuous passive smoke exposure
from infancy to early adulthood had the highest prevalence of asthma at age
17-20 and that individuals in whom passive smoke exposure had been dis-
continued during childhood had a lower prevalence, as illustrated in Figure
12 and in Table 2 in Paper III. Parental smoking cessation during childhood
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is therefore beneficial and affects the subsequent risk of asthma (P (trend) =
0.031). This is reassuring for parents who have smoked during pregnancy or
the infancy of their child.

Allergic sensitisation

We were unable to confirm any effect by either pre- or postnatal smoke expo-
sure on allergic sensitisation in early adulthood. Previous studies have reported
contradictory results relating to the impact of early smoke exposure and later
sensitisation, with some studies finding an association and others not (Kulig et
al. 1999, Brabick et al. 2001, Murray et al. 2004, Lannerd et al. 2008).

Conclusion

To summarise, prenatal smoke exposure appears to be associated not only with
asthma but also with BHR and impaired airway function, in early adulthood.
Postnatal smoke exposure also increased the risk of asthma in adulthood but
appeared to be linked to the risk of becoming an active smoker oneself. This is
discussed in more detail below.

Current smoke exposure

Active smoking was reported by 27% of the cohort and 21% of the control
group. Interestingly, subjects with current asthma in the cohort had a higher
prevalence of active smokers compared with symptom free subjects (41% vs.
18%). The same tendency was seen in the control group, but it was not as pro-
nounced (27% vs. 20%) (Tables 1, 4a and 4b in Paper III). Active smoking was
therefore associated with current asthma in early adulthood but did not remain
significant in the multivariate analysis (Paper III). Current passive smoking in
the home was over-represented in the cohort compared with the control group,
49% vs. 29% (Table 4a, Paper III), but it did not increase the risk of current
asthma.

The risk of current asthma has been reported to be increased in active smokers
in adolescence and adulthood (Strachan et al. 1996, Sears et al. 2003, Hedman
et al. 2011). As discussed above, it has been suggested that both social and ge-
netic inheritance influence the risk of smoking initiation (De Vries et al. 2003,
Vink et al. 2005). The impact of genetic inheritance on the risk of smoking
dependence has been emphasised (Vink ef al. 2005). Individuals exposed to
smoke at home in infancy and during childhood run a higher risk of becoming
smokers themselves, in addition to the plausible damage done by the exposure
itself to the developing airways.
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Figure 12. Smoke exposure and the risk of asthma in early adulthood in children hospitalised due to
early severe viral wheeze. The results are shown for subjects with no smoke exposure from infancy to
early adulthood, for subjects where passive smoke exposure had been discontinued during childhood
and for continuous passive smoke exposure from infancy to early adulthood. p (trend) = 0.031.
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At admission, 32 families reported having furry animals in the home. No sig-
nificant effect of having furry animals in infancy was seen on asthma at pre-
school age, 10 years of age or in early adulthood. However, among the subjects
exposed to furry animals at home during infancy, 65% were symptom free
at age 17-20 years, compared with 56% symptom free among non-exposed
individuals and 57% in the total study population. So, if anything, a protective
effect by furry animals on adolescent asthma was indicated.

Since most reports of a protective effect from exposure to furry animals relate
to allergic sensitisation (Hesselmar et al. 1999, Platts-Mills et al. 2001, Ownby
et al. 2002, Perzanowski et al. 2002, Almqvist et al. 2010, Wegienka et al.
2011), the effect on current allergy at age 17-20 years was also analysed in our
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study (unpublished data). In line with previous studies, our results indicated a
protective effect by exposure to furry animals in infancy on atopic disease in
early adulthood, as illustrated by Figure 13. However, the association did not
reach significance and was not apparent when different allergens were anal-
ysed separately. This might be due to low power and the fact that the exposure
in infancy could not be analysed for different animals. It has been suggested
that the protective effect reported by others is allergen specific and dose depen-
dent (Ownby et al. 2002).

Furthermore, we were not able to adjust for atopic families avoiding furry
animals in our study. However, it has been argued that this does not explain
the protective effect reported in other studies (Ownby et al. 2002). In line with
the findings by Wegienka et al. that the first year of life appears to be a critical
period for exposure and that exposure later in life is of less importance, we can
see no effect from current exposure to furry pets in early adulthood on either
asthma or allergy (Wegienka ef al. 2011).

Other kinds of exposure

So far, the potential effect of obesity on asthma has not been assessed in this
study. No information was available on exposure to antibiotics, paracetamol or
a farming environment in infancy. In addition, no data on the vitamin-D status
in infancy or the length of breast-feeding was available either.

Figure 13. Prevalence of current allergy at age 17-20 years in subjects not exposed and exposed to

furry animals at home during infancy. The prevalence of current allergy tended to be lower in exposed
subjects compared with non-exposed subjects, but the difference did not reach significance (p=0.101).
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Pathogenic model
Construction

From the different associations seen with asthma at age 17-20 years in the co-
hort, we have constructed a pathogenic model (Figure 14) designed to sum up
our results (Papers 111, IV and V).

The model is based on the associations seen between family atopy and cur-
rent allergy in early adulthood, between prenatal smoke exposure and current
hyper-responsiveness and postnatal smoke exposure and current active smok-
ing. In addition, we noted the association of asthma in early adulthood with
current allergy, hyper-responsiveness and active smoking. We concluded that
current allergy, hyper-responsiveness and active smoking could be regarded
as intermediate variables between the infantile factors (family atopy, pre- and
postnatal smoke exposure) and current asthma.

Figure 14. A pathogenic model indicating three independent pathways increasing the risk of
asthma in early adulthood.

Three independent pathways:
1. Allergy 2. Early smoke exposure 3. Female gender

Asthma in early adulthood
/7 1
nction/BHR

Current allergy
Atopic heredity

Postnatal
Prenatal
smoke exposure
smoke exposure

Three pathways leading to asthma

The pathogenic model consists of three pathways leading to asthma in early
adulthood. One pathway from female gender, one allergic pathway from fam-
ily atopy via the development of allergy and a third pathway from early smoke
exposure via hyper-responsiveness and active smoking. The early smoke ex-
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posure can be divided into pre- and postnatal exposure, with prenatal exposure
affecting the risk of asthma via hyper-responsiveness and postnatal exposure
affecting the risk of asthma via active smoking. The pathogenic model illus-
trated in Figure 14 combines the models proposed in Papers III, IV and V.

Previous findings

The proposed pathogenic model fits well with previous findings in other stud-
ies. As discussed above, a gender shift is seen in asthma prevalence between
males and females during adolescence (Skobeloff et al. 1992, Taussig et al.
2003, Schatz et al. 2004). Wheezing and asthma in infancy is more prevalent
in boys, while females have a higher prevalence of adult asthma (Korppi et
al. 1986, Skobeloff et al. 1992, Wennergren et al. 1992, Martinez et al. 1995,
Sears et al. 2003, Melén et al. 2004). It therefore makes sense that females in
the cohort run a higher risk of asthma in early adulthood.

The family history of atopy is a known risk factor for the development of
allergy and asthma (Castro-Rodriguez et al. 2000, Melén et al. 2004, Wenn-
ergren et al. 2010, Lim et al. 2010). In addition, the risk of asthma is higher
in individuals with other atopic manifestations (Castro-Rodriguez et al. 2000,
Guilbert et al. 2004, 11li et al. 2004, 1lli et al. 2006).

Furthermore, there is substantial evidence relating to the negative effect of
smoke exposure both in pregnancy and during infancy on future wheeze and
asthma (Rylander et al. 1993, Ledrup Carlsen et al. 1999, Stein et al. 1999b,
Lux et al. 2000, Lannerd et al. 2006). Prenatal smoke exposure has been re-
ported to have a harmful effect on airway function at birth and in childhood
(Hanrahan et al. 1992, Ladrup Carlsen et al. 1997, Gilliland et al. 2000). The
reports of the effects of postnatal smoke exposure are somewhat divergent, but
they have been reported for both wheezing and airway function (Mannino et
al. 2002, Piippo-Savolainen et al. 2006). In addition, passive smoke exposure
at home in childhood has been associated with a higher risk of becoming a
smoker when growing up (De Vries et al. 2003) and active smoking is a known
risk factor for current asthma (Strachan ez al. 1996, Sears et al. 2003, Hedman
etal. 2011).

Strengths and weaknesses

The long observation period and the good consistency are the strengths of the
study. The cohort has been followed from before the age of two, with a re-
sponse rate of 88% in early adulthood. The same trained allergy nurse has
performed the tests at all re-investigations.

The small size of the cohort is a limitation. Only 55 of them were tested and this
yields low power to some of the analyses made. Notably, if biologically plau-
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sible, the significant effects found in a small set of material probably represent
effects of importance. However, caution is advisable when generalising the
findings, since the external validity might be small. It should be remembered
that the cohort consists of a subgroup with severe wheezing in childhood.

In the subgroup of controls that were tested, we noted a higher prevalence
of both females and asthmatics than in the total control group. Asthma, al-
lergy and perhaps affected airway function could therefore be over-represented
among the tested controls. However, we can still see a difference compared
with our cohort that might be underestimated due to the constitution of the
tested subgroup of the controls.

The tested individuals in the cohort did not differ from the non-tested ones,
apart from slightly more self-reported allergic symptoms among the tested in-
dividuals.

The prevalence of smoking during pregnancy and in infancy in the cohort was
higher compared with the general population at that time. This might reflect
the negative impact of smoke exposure increasing the risk of severe wheeze,
but it might also be a marker of some bias.

A more detailed questionnaire at admission would naturally have been desir-
able. For example, our primary data did not differentiate between pre- and
postnatal smoke exposure. However, these data could be found in the MBR to
some extent.
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General Discussion

Several studies have reported an increased risk of subsequent asthma follow-
ing wheezing in early childhood. This is also seen in our studies, with wheez-
ing symptoms in infancy predicting recurrent wheeze and asthma during child-
hood and adolescence. Our results add to the studies that attempt to predict the
children with wheeze who will develop asthma.

Virus or host?

Our studies confirm viral infections as the most common trigger of wheezing
in early life. In the follow-up of severe viral wheeze, we can see an increased
risk of later asthma in these children. Our results indicating that the asthma risk
in adolescence is not dependent of viral agents support the view of a suscep-
tible host being more prone to respond with wheezing during viral infection.

Family history and the development of allergic disease

The impact of atopic heredity and own allergic manifestations is evident in
both studies, in line with the results seen in other studies. Persistent asthma
during childhood is strongly influenced by genetics and is associated with the
development of atopic disease following the “allergic march”, as described
above.

Gender

The gender distribution among children and adults with wheeze and asthma
follows a clear pattern. It is more common among boys in early childhood,
while the incidence in girls increases during adolescence and asthma in adults
is more common among females. Our results fit well with this pattern, with
boys being over-represented among preschool wheezers. In addition, we can
see a gender shift in adolescence with allergic asthma, which is subsequently
more prevalent in females.

Window of opportunity

It has been suggested that the environment in ufero and exposure during
early life are important for the development of subsequent asthma and aller-
gic disease, influencing the developing immune system. In the Children of
Western Sweden Study, we consider some of these kinds of exposure, such as
paracetamol exposure during pregnancy and antibiotic treatment in the neona-
tal period, confirming an increased risk of asthma.
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In addition, we have assessed the effect of breast-feeding and diet during in-
fancy, suggesting a protective effect by the early introduction of fish on future
allergic asthma and by breast-feeding on the risk of wheezing with viral infec-
tions in childhood.

Data on exposure during pregnancy and dietary factors in infancy were not avail-
able in the follow-up of severe viral wheeze. Information about exposure to to-
bacco smoke in utero and in infancy was, however, available in both studies.

Smoking habits 1983-2003

In the follow-up of viral wheeze in children born in the early 1980s, an associa-
tion was seen between smoke exposure both in utero and in infancy and later
asthma. This was not evident in the study of the Children of Western Sweden
birth cohort assessing the risk of wheeze at preschool age. One possible ex-
planation for our not finding a clear impact of smoking during pregnancy on
wheezing at preschool age is the change in smoking habits in recent decades.
There has been a decrease in smoking prevalence among pregnant women in
Sweden. In the early 1980s, about 31% of pregnant women smoked, compared
with 6.7% in 2009 (Swedish National Board of Health and Welfare 2004, Lafih
2011).

However, it is possible that women who smoke during pregnancy today smoke
less than smoking women used to do a few decades ago. When comparing
data from 1983 and 2003, it is obvious that not only smoking during preg-
nancy has decreased but also that women who smoke, smoke less (Swedish
National Board of Health and Welfare 2007). The percentage of heavy smokers
(> 10 cigarettes per day) among women who smoke during early pregnancy
has decreased from 39% to 27%, as illustrated in Figure 15 (Lafih 2011). The
prevalence of heavy smoking in our studies is 43% and 20%, illustrating a clear
difference in smoke exposure during pregnancy between the two cohorts. This
difference is clear also when comparing the overall prevalence of smoking dur-
ing pregnancy in the two cohorts. Fifty-five per cent of the children with severe
wheeze in early life were exposed to smoke prenatally, compared with 9.6% in
the Children of Western Sweden Study.

In addition, it might be suspected that pregnant women today are not exposed to
as much second-hand smoke as they were some decades ago, due to the national
legislation in Sweden forbidding smoking in public places. The educational
efforts and restrictions that have been made have reduced public acceptance
of smoking and possibly also changed smoking habits. This reasoning is also
applicable to the second-hand smoke exposure of children postnatally at home
and in public.
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Summary

To summarise, wheezing with viral infections is common during early child-
hood and most children who wheeze become symptom free as they grow up.
However, children who wheeze run an increased risk of persistent symptoms
and the development of asthma. Our studies support the notion that some chil-
dren are more prone to react by wheezing during viral infections. The inter-
play of several factors, including genetic inheritance and exposure in utero and
early life, influences the risk of later asthma development.

Figure 15. Prevalence of smoking mothers during the first trimester in western Sweden as re-
ported to the MBR from 1983 to 2009 (Sweden National Board of Health). The prevalence of
moderate (fewer than 10 cigarettes/day) and heavy (10 or more cigarettes per day) smokers
among smoking mothers is shown. The results show a steady decrease in prenatal smoke ex-
posure from 1983 to 2009. In addition, the number of heavy smokers among smoking pregnant
women is also reduced.
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Conclusion

The specific aims of the thesis were:

To study factors influencing the risk of wheeze at 4.5 years of age, with
special emphasis on the impact of neonatal antibiotics, early fish introduc-
tion and paracetamol exposure during pregnancy (Papers I and II)

Treatment with antibiotics during the first week of life increased the risk of
recurrent wheeze at age 4.5 years. The effect was more pronounced in children
with MTW. In addition, the greatest prevalence of neonatal antibiotic treatment
was seen among the children with most frequent wheeze at preschool age.

The early introduction of fish before nine months of age reduced the risk of
recurrent wheeze at preschool age. Indications of a combined effect of early
fish introduction and neonatal antibiotic treatment were found.

Exposure to paracetamol during pregnancy increased the risk of ICS-treated
wheeze at age 4.5 years, with a more pronounced effect on MTW. The attrib-
utable fraction for paracetamol exposure was 4.7% in ICS-treated wheeze and
8.4% in ICS-treated MTW.

In addition, the risk of recurrent wheeze at preschool age was increased by
male gender, parental atopic disease and doctor-diagnosed food allergy or ec-
zema in infancy. Breast-feeding for more than four months had a risk-reducing
effect on recurrent wheeze close to significance.

To study whether the risk factors for multiple-trigger wheeze and episodic
viral wheeze differed at preschool age (Paper I)

Our results suggest that the risk factors for MTW and EVW differ. The differ-
ences in risk factors between the two phenotypes support the notion of differ-
ent prognoses and indicate different pathophysiological pathways.

The factors that were most pronounced for MTW at preschool age were neo-
natal antibiotic treatment, paracetamol exposure during pregnancy, parental
atopic disease and doctor-diagnosed food allergy or eczema in infancy. This
supports the more allergic nature of children with MTW.

The factors influencing the risk of EVW at preschool age, although only close
to significance, were male gender, breast-feeding for four months or more and
caesarean section.
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To describe the prevalence of asthma in early adulthood following hospi-
talisation due to virally induced obstructive disease before the age of two
years (Paper I1I)

Children hospitalised due to wheezing bronchitis in early life run an increased
risk of asthma in early adulthood. The prevalence of asthma at age 17-20 years
was 43% among subjects with early wheezing, compared with 15% in the con-
trol group. The risk of asthma in early adulthood was highest among females
with current allergic disease.

To study the factors influencing the risk of asthma in early adulthood,
following hospitalisation due to virally induced obstructive disease before
the age of two years (Paper I1I)

The factors influencing the risk of asthma in early adulthood are summarised
in a model with three pathogenic pathways. The first pathway is the increased
risk of asthma seen in females. Secondly, a family history of atopy increases
the risk of asthma via the development of current allergic disease. Lastly, ex-
posure to tobacco smoke in utero and early life increases the risk of asthma via
the development of bronchial hyper-responsiveness and an increased preva-
lence of active smoking in early adulthood.

To describe the airway function in early adulthood following hospitalisa-
tion due to virally induced obstructive disease before the age of two years
(Paper 1V)

To study the factors influencing the risk of having reduced airway func-
tion in early adulthood, following hospitalisation due to virally induced
obstructive disease before the age of two (Paper 1V)

Children with severe wheezing in early life run an increased risk of reduced
airway function in early adulthood. Expiratory flows were most affected. Ab-
normal airway function was seen in 31% of the cohort compared with 16% in
the control group. Affected airway function was seen both pre-BD and post-
BD, indicating not only an increase in airway tone but also possible structural
changes to the small airways in the cohort.

Asthmatic females in the cohort had the most affected airway function. Female
gender, current hyper-responsiveness and prenatal smoke exposure were inde-
pendent risk factors for abnormal airway function in early adulthood following
hospitalisation due to wheezing bronchitis before the age of two years.
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To study the impact of prenatal and postnatal smoking on asthma in early
adulthood, following hospitalisation due to virally induced obstructive
disease before the age of two (Paper V)

Both pre- and postnatal smoke exposure increase the risk of asthma in early
adulthood. Prenatal smoke exposure increases the risk of current hyper-respon-
siveness and affected airway function, which in turn are both associated with
a higher prevalence of asthma. Postnatal smoke exposure increases the risk of
being an active smoker in early adulthood, which is associated with a higher
prevalence of asthma.

Parental smoking cessation during childhood is beneficial and reduces the sub-

sequent risk of asthma compared with continuous smoke exposure throughout
childhood.
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Popularvetenskaplig sammanfattning

Bakgrund:

Astmabesvir i samband med virusorsakade luftrorsinfektioner dr mycket van-
liga 1 de tidiga barndomsaren och har rapporterats vara kopplade till en 6kad
risk for astma senare i livet. Alla med tidiga astmabesvér utvecklar dock inte
astma. Risken for utveckling av efterfoljande astma kan péverkas av bade ge-
netik och miljéfaktorer.

Malséttning:

Syftet med avhandlingen é&r att beskriva riskfaktorer for utvecklande av astma-
besvir som barn samt langtidsprognosen efter besvér tidigt 1 livet.

Metod:

I studien Vistra Gotalands Barn foljs en fodelsekohort pd 5600 barn fodda i
Vistra Gotaland ar 2003. De {6ljs fran spadbarnsaldern och under uppvéxten
med avseende pd forekomst av astma och andra allergiska sjukdomar, samt
riskfaktorer for att utveckla dessa. Enkéter har besvarats vid 6 manaders, 12
manaders och 4,5 ars alder. Dessutom har data fatts fran Medicinska fodelsereg-
istret. Studien har tidigare redovisat riskfaktorer for astma och eksembesvar vid
ett ars alder. I denna avhandling har skyddande faktorer och riskfaktorer for
astmabesvar vid 4,5 ars alder undersokts. Effekten av antibiotikabehandling
som nyfodd, kostvanor under spadbarnstiden och exponering for paracetamol
under graviditeten har varit sdrkilt intressant att kartlagga.

I en uppfoljningstudie av 101 barn som sjukhusvardats for astmabesvér till
foljd av virusorsakad luftrorsinfektion har karaktéristika och prognos under-
sokts vid 17-20 ars alder. Undersokningen bestod i en enkét och testning for
allergisk sensibilisering samt testning av lungfunktion och dverretbara luftror.
Aven effekten av tidig tobaksexponering har undersokts. Data pd moderns
rokning under graviditeten erholls fran Medicinska fodelseregistret. Gruppen
med tidiga astmabesvir jamfordes med en kontrollgrupp.

Resultat:

Kénda riskfaktorer for att ha upprepade besvér av pipande och vésande and-
ning (astmabesvir) vid 4,5 érs alder, sdsom érftlighet for astma och allergi, eget
eksem eller fododmnesallergi under spadbarnsaret samt manligt kon, kunde
bekréftas i studien Vidstra Gotalands Barn. Dessutom ségs en 6kad risk efter
antibiotikabehandling under forsta levnadsveckan. Tidig introduktion av fisk
(fore 9 manaders alder) minskade risken for astmabesvér i1 forskolealdern.
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Exponering for paracetamol under fostertiden 6kade risken for besviar som
krivde behandling med inhalationssteroider vid 4,5 ars alder. Risken var tydli-
gast hos de som hade besvér dven mellan forkylningsepisoder.

I uppfoljningsstudien av individer som sjukhusvérdats for astmabesvar fore
2 ars alder, sags en okad forekomst av astma i tidig vuxen alder jamfort med
kontrollgruppen. Risken att ha astma i tidig vuxenalder var dkad bland dem
med aktuell allergi, vilket i sin tur var kopplat till att ha édrftlighet for astma och
allergi. Aven att ha dverretbara luftrér och egen rokning som ung vuxen dkade
risken for samtidig astma. Dartill var kvinnligt kon en oberoende riskfaktor for
astma i tidig vuxen élder. Pojkarna, som dominerar bland dem med astmabes-
vér 1 de tidiga barnaéldrarna, tillfrisknar i hogre grad én flickorna.

Aven ligre lungfunktionsvirden vid 17-20 ars alder sigs hos gruppen med ti-
diga astmabesvir, vilket var tydligast hos de flickor som utvecklat astma, men
dven hos de symptomfria individerna ségs en skillnad. Ocksé rokexponering
under fostertiden tycktes kopplat till simre lungfunktion i tidig vuxenalder.

Ett annat intressant fynd i undersdkningen &r att stor risk for astmautveckling
ses bade hos de barn dar sé kallat RS-virus pavisades vid forstagadngsinlaggn-
ingen och hos de barn som insjuknade med andra luftvigsvirus.

Vira data tyder pa att rokexponering under fostertiden dr en oberoende risk-
faktor for att ha dverretbara luftror i ung vuxen alder. Den passiva rokningen
under uppvéxten ar i stillet signifikant kopplad till att barnet sjilv blir rokare,
vilket i sin tur ger 6kad risk for astma.

Slutsats:

Exponering for faktorer under fostertiden och under spadbarnstiden paverkar
risken for astmabesvér under barndomen. Paracetamol under fostertiden och
antibiotikabehandling under forsta levnadsveckan okade risken for astmabes-
var 1 forskolealdern. Tidig introduktion av fisk minskade risken.

Individer som haft astmabesviar som sma har en okad risk for astma i tidig
vuxen alder. Risken &r 6kad hos dem som utvecklat en allergisk sjukdom eller
overretbarhet i luftvigarna samt hos kvinnor. Exponering for tobaksrok under
fosterlivet okar risken for Gverretbara luftror och astma, medan passiv rokning
under spddbarnséret och uppvixten dkar risken att sjalv bli rokare. De tidiga
astmabesviren ar ocksa kopplade till langtidseffekter pa lungfunktionen.
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