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ABSTRACT 

FACULTY OF MEDICINE 

Clinical and Experimental Sciences  

 

Thesis for the degree of Doctor of Medicine  

INSIGHTS INTO WHEEZE AND ASTHMA ACROSS THE LIFE COURSE  

Dr Anna Christina Selby 

Wheeze and asthma are major health problems worldwide, affecting all age groups. Severe 

asthma and asthma exacerbations represent particular problems because they are associated 

with high morbidity and healthcare costs.  

This thesis used data collected as part of the EuroPrevall and UBIOPRED studies to provide new 

insights into wheeze and asthma across the life course.  Areas explored included risk factors for 

preschool wheeze, the relationship between atopy and disease severity and risk factors for 

exacerbations in patients with severe asthma/preschool wheeze.  

The EuroPrevall birth cohort consisted of 12,049 infants from nine European countries.  Data on 

wheeze in the second year of life was available in 8775 (72.8%).  The prevalence of wheeze varied 

considerably across Europe, ranging from 1.7% in Lodz (Poland) to 17.2% in Reykjavik (Iceland).  

Risk factors for wheeze in the second year of life included lower respiratory tract infections, 

postnatal maternal smoking, day care attendance and male gender.  However, their importance 

varied between centres suggesting that unique risk factors operate in different countries.  

In the UBIOPRED study, participants with mild to moderate and severe asthma/preschool wheeze 

were recruited into adult, school and preschool age cohorts.  At baseline, a detailed asthma and 

allergic disease history was taken. Skin prick testing, specific IgE measurement and component 

resolved allergen diagnostics (ISAC Chip®) were performed.  The severe cohorts were followed up 

after 12-18 months.  Clinical clusters and allergic sensitisation clusters were generated. The 

prevalences of allergic disease and allergic sensitisation did not differ significantly according to 

asthma/wheeze severity in any age group.  A history of previous exacerbations and poor asthma 

control were risk factors for future exacerbations across the life course.  Rates of prospective 

exacerbations did not differ between clinical or allergic sensitisation clusters.  Further research is 

needed to determine whether novel biomarkers can more accurately predict asthma outcomes 

than clinical parameters.  
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Chapter 1: Introduction  

Wheezing episodes associated with respiratory tract infections are common in early childhood1 

affecting around 50% of children by the age of six years.2  Most infants who wheeze do not have 

persistent symptoms.  However, in some infants wheeze predisposes to chronic asthma.2 Asthma 

affects an estimated 300 million people worldwide3 and is the most common lower respiratory 

disease in children.4  It is a heterogenous condition characterised by varying degrees of 

bronchoconstriction, chronic airway inflammation and hyperresponsiveness. Clinical 

manifestations include episodic wheeze, cough, shortness of breath and chest tightness.4,5  

Sensitisation to common aeroallergens plays a key role in the pathogenesis of most cases of 

childhood asthma.6  When these allergens are processed by airway dendritic cells, a T-helper-2 

(Th2) cell response results in the production of IL-4, IL-5 and IL-13. This promotes the formation of 

specific IgE antibodies, which  bind to receptors on the surfaces of mast cells and basophils. Cross-

linking of IgE on allergen exposure, subsequently leads to the release of inflammatory mediators 

such as IL-1 and tumour necrosis factor-alpha (TNF-α), which cause bronchoconstriction, airway 

oedema and increased mucus production.6 Recent research suggests that in asthma the airway 

epithelium is structurally and functionally defective, facilitating abnormal responses to inhaled 

allergens.7  Other factors which contribute to the development of asthma include early exposure 

to certain viruses such as rhinovirus and respiratory syncytial virus (RSV), genetics and exposure 

to tobacco smoke.4,8  

Both preschool wheeze and asthma place a substantial burden on healthcare resources and 

impair quality of life.4,9,10 In 2004, for example, it was estimated that in the UK, 75,000 hospital 

admissions per year are due to asthma, a quarter of which are in children less than four years of 

age.3 Patients with severe asthma and those who experience frequent exacerbations have 

particularly high levels of morbidity and consume a disproportionate amount of healthcare 

resources.11,12 Research priorities in asthma therefore include improving our understanding of the 

aetiology of preschool wheeze, 4 identifying modifiable risk factors for exacerbations and defining 

the characteristics of those with severe asthma in more detail.   

 

 



Chapter 1 

2 

1.1 Early Childhood Wheeze  

1.1.1 Wheeze Phenotypes  

Many researchers have attempted to group children with preschool wheeze into different 

categories and develop tools to predict which children will develop asthma.9 A landmark study by 

Martinez et al. (The Tucson Children’s Respiratory Study) identified different wheeze phenotypes 

based on the timing of onset and duration of wheeze: transient early wheeze (wheeze during the 

first 3 years of life only), late-onset wheeze (wheeze starting after the age of 3 years) and 

persistent wheeze (wheeze during the first 3 years of life and at 6 years of age).2  Similar 

phenotypes have been seen in other longitudinal studies including the Avon Longitudinal Study of 

Parents and Children (ALSPAC) and the Prevention of Infant Asthma and Mite Allergy (PIAMA) 

study.13 Although widely used in epidemiological studies, these phenotypes are not useful in 

clinical practice because they can only be applied retrospectively. 10 Therefore, classification of 

children with wheeze according to the temporal pattern of their symptoms has also been 

proposed.  According to the European Respiratory Society (ERS), episodic wheeze is defined as 

wheeze in discrete episodes associated with viral respiratory tract infections, with no wheeze 

between episodes.  Multi-trigger wheeze is defined as wheeze associated with viral respiratory 

tract infections, but also in response to other triggers such as smoke and allergen exposure. A 

limitation of this classification is that there is considerable overlap between groups, they are not 

stable phenotypes and they do not reliably predict long term prognosis. 14  

Although only around 40% of children who wheeze in the first few years of life continue to 

wheeze at school age,2,15 persistent lung function deficits have been demonstrated in those with 

transient early wheeze.2,15,16  Martinez et al., for example, demonstrated that children with 

transient early wheeze had significantly lower VmaxFRC values at 6 years of age compared to those 

who had never wheezed and those with late onset wheeze (1097.7 ml/sec versus 1262.1 ml/sec 

and 1174.9 ml/sec, respectively).2 Similarly, children in the Southampton Women’s Survey (SWS) 

with transient early wheeze had statistically lower mean FEV1 % predicted (100.3 versus 103.1, 

p<0.05)  and FEF 25-75 % predicted (95.1% versus 100.3, p <0.05) values at six years than children 

who had never wheezed.16 In both studies, children with persistent wheeze had lower lung 

function parameters than all other groups, including children with early transient wheeze.2,16 

Others have also shown that ‘definite bronchial hyperresponsiveness’ is more prevalent amongst 

persistent wheezers (42.6%) than non-wheezers (10.7%, p<0.001) and early transitent wheezers 

(15.1%, p <0.001). These findings suggest that preschool wheeze is not a benign disorder and that 

early intervention is important to prevent later morbidity.15 
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Using data from the Tucson Children’s Respiratory Survey, Castro-Rodriguez et al. developed two 

Asthma Predictive Indices (APIs) based on recurrent episodes of wheezing during the first three 

years of life and five other criteria: two major (parental physician-diagnosed asthma and 

physician-diagnosed eczema) and three minor (physician-diagnosed allergic rhinitis, wheeze 

without colds and peripheral eosinophilia ≥4%).  A stringent API was defined three or more 

episodes of wheeze per year and at least one major or two minor criteria, whilst a loose API was 

defined as less than 3 episodes of wheeze per year and at least one major or two minor criteria. 17 

A limitation of these and other predictive tools, which have since been developed, is that they 

lack sensitivity and have poor positive predictive values.1,9,18 According to Castro-Rodriguez et al., 

for example, the sensivity of a positive stringent API score at 3 years of age for asthma between 

the ages of 6 to 13 years is only 16%.18 Furthermore, they have only been validated for the 

populations in which they were derived 9 and there is no evidence that initiating preventative 

treatment in children at high risk of asthma modifies the natural course of the disease. 19-21 

Guilbert et al., for example, randomised 285 children aged 2 to 3 years with a positive API to 

treatment with fluticasone propionate 88 µg twice daily or masked placebo for two years, 

followed by a one-year period of observation without medication.19 During the observation year, 

there were no significant differences between the groups in the proportion of episode-free days 

(86.8% versus 85.9%, p=0.78), the number of exacerbations or lung function.19 Episode free days 

were defined as days with no asthma-like symptoms, no unscheduled visits for respiratory 

symptoms and no use of supplementary asthma medications and exacerbations were defined as 

the need for a course of prednisolone to control asthma-like symptoms.  A possible explanation 

for these results is that in asthma the airways are abnormal at inception and therefore, 

prevention is not possible once symptoms have developed.21 If so, identification of modifiable, 

early life risk factors for wheeze is of paramount importance.  

1.1.2 Prevalence Studies  

The rise in asthma prevalence during the last three decades of the twentieth century was 

considered too rapid to be due to genetic factors alone. Therefore, the International Study of 

Asthma and Allergies in Childhood (ISAAC)22 and European Community Respiratory Health Survey 

(ECRHS)23,24 were established to examine international prevalence patterns of asthma symptoms 

and identify environemental factors operating at a population level.22 Identifying environmental 

risk factors for disease is important because these offer the greatest opportunity for prevention.  
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ISAAC, which commenced in 1991, comprised three phases: 

• Phase one- This used written questionnaires in 156 centres across 56 countries to 

describe the prevalence of asthma, eczema and allergic rhinitis. Two age groups were 

studied: children aged 6-7 years and children aged 13-14 years.  

• Phase two- This investigated potential aetiological factors contributing to the 

international differences observed in phase one.  

• Phase three- This was a repetition of phase one to allow time trends in prevalence to be 

assessed. 

Phase one included a total of 721,601 children: 463,801 children aged 13-14 years from 155 

centres across 56 countries and 257,800 children aged 6-7 years from 91 centres across 38 

countries. Large variations in the prevalence of asthma symptoms were seen in both age groups.  

The prevalence of ‘asthma ever’ in the 13-14 years age group, for example, ranged from 1.6 to 

28.2% and the proportion of participants reporting wheeze in the past 12 months ranged from 2.1 

to 32.2%. Similar findings were seen in the younger age group though the prevalence of most 

symptoms was lower. Prior to ISAAC, the greatest number of countries included in any study 

comparing geographical variations in the prevalence of childhood asthma was four. 25-27  

The ECRHS, which was established in 1988, included only adults aged 20-44 years.  138,565 

participants were recruited from 48 centres across 22 countries, predominantly in Western 

Europe. As in ISAAC, higher rates of asthma symptoms were seen in English-speaking countries i.e. 

the UK, Australia, New Zealand and the USA. Other findings common to ISAAC and the ECRHS 

were a West to East gradient within Europe and inter-country variation in prevalence rates. 28  

To date, only one study has evaluated variations in the prevalence of preschool wheeze across 

different countries.  However, this study used data from ten idependent Mechanisms of the 

Development of ALLergy (MeDALL) cohorts in eight different countries.29 Comparing data from 

individual studies is difficult due to use of different defintions. Furthermore, temporal trends may 

account for differences between studies conducted more than ten years apart. By comparing the 

prevalence of preschool wheeze between countries and analysing differences in environmental 

exposures, it may be possible to identify new risk factors and determine the importance of those 

which are already known. 30  
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1.1.3 Risk Factors for Early Childhood Wheeze 

Over the past 30 years, more than 130 birth cohorts focusing on allergy and asthma have been 

established.31 Birth cohort studies allow the temporal relationship between exposures and 

disease onset to be explored, providing valuable insights into disease causality.31  Numerous risk 

factors for early childhood wheeze have been identified including male gender, prenatal and 

postnatal smoke exposure and contact with other children.    

1.1.3.1 Respiratory Tract Infections 

Respiratory tract infections, particularly those due to respiratory syncytial virus (RSV) and 

rhinoviruses, have consistently been implicated in the pathogenesis of childhood wheezing.9,32,33  

When Kusel et al. collected respiratory secretions from 263 infants on all occasions of acute 

respiratory illness in the first year of life, they found that 39% of wheezy lower respiratory 

infections were attributable to rhinoviruses and 12% to RSV.34   Human metapneumovirus (hMPV)  

is also an important pathogen with Wolf et al. demonstrating that among children under the age 

of 5 who had been hospitalised with hMPV or RSV infection, wheeze was a presenting feature in 

over 50% of cases.35 Furthermore, early infection with rhinovirus or RSV has been linked to 

wheeze later in childhood.9 Within the Childhood Origins of Asthma (COAST) cohort, for example, 

wheezing illnesses caused by rhinovirus infection in the first year of life were the strongest 

predictor of wheeze during the third year of life (OR 6.6, p <0.0001).36 Regarding RSV, Sigurs et al. 

compared the outcomes of 52 infants receiving hospital treatment for RSV bronchiolitis with 93 

age matched controls. Amongst those with bronchiolitis and family history of asthma, 38% had 

asthma at 7.5 years compared to none of the controls with a family history of asthma.37 

Given that day care attendance increases exposure to respiratory infections,38  it is not surprising 

that this is also associated with an increase in airway symptoms in early life.38-40 In the Pollution 

and Asthma Risk: an Infant Study (PARIS) birth cohort, for example, the strongest predictor of 

transient wheeze was day care attendance during the first six months of life (OR 3.13, 95% CIs 

2.19-4.47, p <0.05) with more than one older sibling also being an important risk factor (OR 1.42, 

95% CIs 1.15-1.76, p <0.05).40  Meanwhile, in the PIAMA birth cohort, children attending daycare 

in the first two years of life (early daycare) were twice as likely to experience wheezing in the first 

year of life compared to children not attending daycare (aOR 1.89, 95% CIs 1.50-2.39).38  The 

association between early daycare attendance and wheeze did however diminish with increasing 

age.  Other studies have suggested that day care attendance may protect against asthma in later 

childhood.  Ball et al., for example, demonstrated that children with at least two older siblings or 

who attended day care during the first six months of life were more likely to have frequent 

wheezing at 2 years of age than children who had less contact with other children (aRR 1.4, 95% 
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CI 1.1-1.8, p=0.01).  However, they were less likely to have frequent wheezing between the ages 

of 6 (aRR 0.8, 95% CIs 0.8-1.0, p=0.01) and 13 years (aRR 0.3, 95% CI 0.2-0.5, p <0.001). 39  

Nicolaou et al. also investigated the relationship between day care attendance and position in 

sibship with childhood wheeze. They found that entering daycare between 6 and 12 months or 

after 12 months of age significantly reduced the risk of wheeze at 5 years of age (odds ratio 0.25, 

95% CI 0.11-0.60 and 0.65, 0.44-0.98).41 These results may reflect the fact that early childhood 

wheeze is predominantly driven by viral respiratory tract infections, whereas asthma at school 

age is associated with allergic sensitisation.  

1.1.3.2 Smoke Exposure  

The Tucson Children’s Respiratory Study identified maternal smoking in early childhood as an 

important risk factor for transient early wheeze (aOR 2.2, 95% CIs 1.3-37).2  Many studies have 

since confirmed that postnatal passive smoke exposure has deleterious effects on respiratory 

health in early childhood.42,43 Differentiating the effects of smoking during and after pregnancy is 

difficult because few women change their smoking habits after delivery.44  Studies have, however, 

demonstrated that maternal smoking during pregnancy is an independent risk factor for 

wheeze44,45 and that there may be critical time periods of exposure.30,46,47 This is biologically 

plausible given that nicotine restricts fetal growth and disrupts alveolar architecture.30,44,48  Within 

the Norwegian Mother and Baby (MoBa) study, maternal smoking during pregnancy was 

associated with an increased risk of wheeze at age 6-18 months independent of postnatal smoke 

exposure (aOR 1.13, 95% CIs 1.03-1.29). 47 Maternal smoking during pregnancy conferred a smiliar 

risk for wheeze between 18 and 30 months (aOR 1.19, 95% CIs 1.02-1.39) in the ALSPAC study.46  

Furthermore, in a pooled analysis of data from eight European birth cohort studies, which 

included 21,600 children, the risks of both wheeze (aOR 1.39, 95% CI 1.08-1.77) and asthma (aOR 

1.65, 95% CI 1.18-2.31) at 4 to 6 years of age were increased in those exposed to cigarette smoke 

by their mothers during pregnancy.44  This analysis also found that maternal smoking during the 

first trimester only (but not the third trimester or during the first year of life) was associated with 

an increased risk of wheeze (aOR, 95% CI 1.00-2.12) and asthma (aOR 2.10, 95% CI 1.38-3.21).44 

Conversely, the Generation R study (a population based prospective birth cohort study of over 

6000 children in Rotterdam) found that only continuous maternal smoking during pregnancy was  

associated with an increased risk of wheezing between the ages of 1 and 4 years (OR 2.19, 95% 

CIs 1.24-3.86, p <0.01 for frequent wheezing at age 3).45   
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1.1.3.3 Infant Feeding Practices  

The impact of early feeding practices on the development of atopic disease and wheeze has been 

extensively investigated. Although reviews of the literature have concluded that exclusive 

breastfeeding for at least four months appears to protective, controversy remains. 49,50  Given the 

immunologic complexity of breast milk, its influence on the development of disease may differ 

between individuals. A protective effect of breastfeeding is biologically plausible given that breast 

milk contains secretory IgA, which provides passive immunity against infections. 49 However, some 

components of breast milk such as IL-4, IL-5 and IL-13, which are involved in IgE production, may 

promote the development of allergic disorders and infant wheeze.50  

A group from Sweden (Kull et al.) prospectively followed up 4089 infants at 1, 2 and 4 years of 

age. They found that children exclusively breastfed for four months or more had less asthma 

(defined as at least three reported episodes of wheezing during the first two years of life, in 

addition to respiratory symptoms treated with inhaled steroids or signs of hyperreactivity without 

ongoing upper respiratory infection) by 2 years of age compared to those exclusively breastfed for 

less than 4 months (7.7% versus 12%, OR 0.66, 95% CI 0.51 to 0.87).   A similar result was seen 

when comparing those partially breastfed for six months or more with those partially breastfed 

for less than six months (7.7% versus 12%, OR=0.69, 95% CI 0.52 to 0.91).51 At 4 years of age, the 

risk of asthma was also lower in those exclusively breastfed for four months or more compared to 

those breastfed for shorter periods (6.4% versus 9.1%, OR=0.72, 95% CI 0.53 to 0.97). In sub-

group analysis, the protective effect of breastfeeding tended to be stronger in those with heredity 

for allergic diseases.  However, this interaction was not statistically significant.52 Oddy et al. 

collected data on infant feeding in a birth cohort of 2602 Australian children followed up to 6 

years of age. They found that the risk of asthma (defined as physician diagnosed asthma and 

wheeze in the past year) was higher in those exclusively breastfed for less than four months (OR 

1.28, 95% CI 1.01 to 1.62, p=0.038). This relationship was not altered by atopy or maternal 

asthma.53  

In the 1980s, around 670 infants were recruited into the Dundee Infant Feeding Study. 54,55 They 

were closely followed up for 24 months after birth and were subsequently reviewed at 7 years of 

age.  The age when infants were introduced to solids (before 8 weeks, between 8-12 weeks or 

after 12 weeks) had no influence on the incidence of wheeze during the first two years of life.54 

However, solid feeding before 15 weeks was found to increase the probability of wheeze by 7 

years of age (21.0% vs 9.7%).  In a population based, prospective birth cohort study of 642 

children Zutavern et al. also explored whether the age when children are introduced to solids 

influences the risk of wheeze in early childhood. They found that late introduction of solids (after 
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3 months) did not protect against preschool wheezing (wheeze at age 5 and in one of the first four 

years of life) or transient wheezing (wheeze in the first two years of life only).  This finding was 

consistent across different food groups.56 One study has, however, suggested that delayed 

introduction of solids may increase the risk of wheeze. Snjiders et al. analysed data from 2258 

infants enrolled in a prospective birth cohort study in the Netherlands.57 They found that the risk 

of recurrent wheeze (at least four attacks in the first two years of life) was higher in children who 

first received foods other than cow’s milk products between 4-6 months compared to children 

who received other foods in the first 3 months of life (OR 1.71, 95% CI 1.00-2.95). The risk of 

recurrent wheeze was even higher in those who first received other foods after 7 months (OR 

3.52, 95% CI 1.42-8.73).  

A lack of agreement between studies looking at the relationship between infant feeding practices 

and early childhood wheeze may be due due to use of different definitions for wheeze 

phenotypes and exclusive breastfeeding. Kull et al., for example, defined exclusive breastfeeding 

as the period that infants were only breastfed and that no formula, cow’s milk or solid foods had 

been introduced,51 whereas Oddy et al. defined exclusive breastfeeding as the age in months that 

other milk was introduced (without taking the age that solids were introduced into account).53  

Furthermore, in many of the aforementioned studies data were collected retrospectively 

introducing the potential for recall bias.  Large multi-centre studies using prospectively collected 

data are therefore needed to clarify the role of early feeding practices in the development of 

wheezing disorders.  
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1.2 Atopy and Allergic Diseases  

1.2.1 The Relationship between Atopy and Asthma  

Atopy refers to a genetic predisposition to become sensitised and produce IgE antibodies in 

response to ordinary exposure to allergens.58  It is conventionally defined as a positive (≥ 0.35 

kU/l) serum allergen-specific IgE (sIgE) or a positive skin prick test (wheal diameter ≥ 3mm) to at 

least one common inhalant or food allergen.59  IgE sensitisation does not necessarily mean that an 

individual will have allergic signs and symptoms. However, as demonstrated by observational and 

epidemiological studies atopy is closely linked with the development and expression of asthma.60  

Within a whole population birth cohort of 1,456 children on the Isle of Wight, skin prick testing 

was performed at 4 years of age. Current wheeze (wheeze in the last 12 months) and currently 

diagnosed asthma (current wheeze and ever-diagnosed asthma) were subsequently recorded at 

10 years of age when bronchial hyperresponsiveness was measured.  After adjusting for 

numerous factors including family history, respiratory infections and parental smoking, atopy was 

identified as a risk factor for current wheeze (OR 3.69, 95% CI 2.36-5.76, p <0.001), currently 

diagnosed asthma (OR 7.22, 95%  CI 4.13-12.62, p <0.001) and bronchial hyperresponsiveness (OR 

5.4, 95% CI 3.06-9.47, p <0.001).61 Atopy was also identified as a risk factor for wheeze within the 

German Multicenter Allergy Study (MAS).62  MAS is a prospective cohort study, which recruited 

1314 infants at birth in five German cities and followed them up for 20 years at 19 time points.63 

Specific IgE levels to a range of food allergens and inhalant allergens were measured at 1,2,3,5,6 

and 7 years of age. From birth to 5 years, the frequency of wheezing episodes was similar in those 

with atopic and non-atopic wheeze. However, after the age of 5 years the course of wheezing 

differed markedly between the two groups. 90% of those with wheeze but no atopy became 

asymptomatic by 13 years of age compared with only 56.2% of those with atopic wheeze 

(p=0.0002) (Figure 1).62 Furthermore, perennial allergic sensitisation (detectable IgE (≥ 0.35kU/l) 

to house dust mite, cat and dog dander) in the first 3 years of life was associated with impaired 

lung function at school age. The MAS group have suggested that the risk of asthma at school age 

is influenced by the timing of atopic sensitisation based on the finding that in atopic children with 

asthma at 7 years of age, atopic sensitisation occurred significantly earlier than in atopic children 

without asthma (39.4% before age 1 year vs 21.0%, p=0.015).64   
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Figure 1 Prevalence of Wheeze from Birth to 13 Years in Children with Any Wheezing Episode 

at School Age (5-7 years), according to Atopic Status  62 (p.766) 

Data supporting an association between atopy and asthma are more limited in adults. Recently, 

however, Warm et al. examined the prevalence and impact of sensitisation to airborne allergens 

on asthma and allergic rhinitis among 737 adults (age 21-86 years).65  They found that 

sensitisation to any allergen was associated with current asthma (OR 2.94, 95% CI 1.81-4.77, 

p<0.001) and current rhinitis (OR 5.31, 95% CI 3.53-7.99). For allergic rhinitis, this association 

remained when subjects were analysed separately in three age groups (22-40 years, 41-60 years 

and 61-86 years) but was considerably stronger in subjects aged 22 to 40 years (OR 19.84, 95% CI 

7.24-54.40) compared to those older than 40 years. For asthma, an association with sensitisation 

to any allergen was only seen in those aged 22-40 years (OR 3.53, 95% CI 1.27-9.81) and those 

aged 41-60 years (OR 3.17, 95% CI 1.59-6.31). Another noteworthy finding of this study is that the 

prevalence of allergic sensitisation among subjects with asthma varied according to age of asthma 

onset.  Of those who developed asthma before the age of 6 years, 86% were sensitised in 

adulthood, whereas only 26% of subjects who developed asthma in adulthood (≥20 years) were 

sensitised.65  The prevalence of atopy and risk factors for asthma were also investigated in over 

5000 adults (mean age 29.6 years, range 18-45 years) whose children were enrolled in the 

National Asthma Campaign Manchester Allergy and Asthma Study (NACMAAS).  9.7% of 

participants had a current physician diagnosis of asthma. Sensitisation to dust mite, cat, dog and 

mixed grasses were all independently associated with asthma, whilst the risk of current asthma 

was considerably higher in those with a greater number of positive skin prick tests to these four 

allergens (OR 4.3, 95% CI 3.3-5.5 for any two allergens compared to 10.4, 95% CI 7.7-14 for any 

four allergens).66 
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In summary, atopy is associated with asthma in both children and adults. However, the 

association appears to be stongest in school age children and in those who are sensitised to 

multiple allergens.   

1.2.1.1 Quantification of Atopy 

Other analyses undertaken by the MAAS study group have demonstrated that quantification of 

atopy (either by the level of specific IgE, the size of skin test wheals or the number of positive 

tests) may better predict wheezing and reduced lung function than information on the presence 

or absence of atopy.59,67  Among 521 children enrolled in MAAS,  the risk of wheeze at 5 years of 

age increased with increasing specific IgE to to dust mite, cat and dog (p <0.0001 for all).68  

Meanwhile, in a random sample of 983 parents (31.7% with asthma), increasing levels of specific 

IgE to these three allergens were significantly associated with lower FEV1 levels (p <0.001 for all). 

Similar findings were seen using the size of wheal on skin prick testing as a continuous variable, 

with significantly poorer lung function with increasing wheal size.67  An association between 

asthma severity and the degree of atopy has also been proposed. Carroll et al. enrolled 400 

children (age 7-18 years) with asthma in a multicentre asthma genetics study.69  An algorithm was 

used to score asthma severity, skin prick testing to a panel of 7 aeroallergens was performed and 

total IgE levels were measured. Although the summative SPT wheal size was not associated with 

asthma severity score, it was associated with hospitalisation in the previous year (p <0.001), 

inhaled corticosteroid use (p <0.001) and evidence of airways obstruction (p <0.001).69  

Furthermore, Sharples et al.  have reported that a large mean wheal diameter to aeroallergens on 

SPT is a feature of severe therapy-resistant asthma (STRA). In 31 children with difficult asthma the 

mean wheal diameter was 10.5mm compared to 17mm in 46 children with STRA (p=0.026).70 

1.2.1.2 Sensitisation Patterns  

It has also been proposed that atopy encompasses multiple sub-phenotypes which relate to 

asthma in different ways.  Lazic et al., for example, used a machine learning approach to cluster 

children in the MAAS and Isle of Wight birth cohorts into different classes of atopic sensitisation 

based on skin prick testing and specific IgE results.71  Five classes, which were very similar 

between the two cohorts, were described.  These included a class of non-sensitised children and a 

class of children with sensitisation to a wide range of allergens. Children in the latter class were 

much more likely to have asthma in both the MAAS (aOR 20.1, 95% CI 10.9-40.2) and the Isle of 

Wight (aOR 11.9, 95% CI 7.3-19.4) cohorts. Conventional atopy also predicted asthma but much 

lower odds ratios were reported (aOR 5.5, 95% CI 3.4-8.8 in MAAS and 5.8, 95% CI 4.1-8.3 in the 

Isle of Wight cohort).   
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Component resolved diagnostics (CRD) allows detection of specific IgE to individual proteins 

within whole allergen sources.  It is hoped that the emergence of this will further improve our 

understanding of the relationsip between allergic sensitisation and disease.72  The ImmunoCAP 

ISAC chip (ThermoFisher Scientific, Uppsala, Sweden) is a biochip which enables measurement of 

IgE antibodies to 112 components from 51 allergen sources in a single step.73  Prosperi et al. 

performed allergen screening using this in 461 children aged 11 years participating in a 

population-based birth cohort study.74 Using a variety of methods including logistic regression and 

non-linear statistical learning models, it was possible to discriminate asthma and rhino-

conjunctivitis with reasonable accuracy on the basis of allergic sensitisation patterns (area under 

the receiver operating characteristic curve = 0.76-0.82).  The same study group subsequently used 

latent variable modelling to identify patterns of component-specific IgE responses and relate 

these to asthma, eczema and hay fever.72 61 allergen components were clustered into 3 

component groups (CG1, CG2 and CG3) each including different protein families. Sensitisation to 

CG3 (which comprised 27 components of plant, animal and fungal origin) was most strongly 

associated with asthma (OR 8.20, 95% CI 3.49-19.24, p<0.001) whilst sensitisation to CG1 (which 

comprised 27 components of plant origin) was most strongly associated with hay fever (OR 12.79, 

95% CI 6.84-23.9, p<0.001). For eczema, there was no significant association between 

sensitisation to any of the componenet groups.  

To date, these are the only studies which have explored the clinical significance of different 

patterns of component sensitisation.  Further studies, which include patients of different ages and 

consider asthma severity are therefore needed. The relationship between different patterns of 

component sensitisation and the risk of asthma exacerbations could also be explored.  
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1.2.1.3 The Atopic March  

Atopic dermatitis (eczema), allergic rhinitis and food allergy are also linked to atopy. Birth cohort 

studies have reported age-related differences in the prevalence these of conditions (Figure 2).  

This has led to the concept of the atopic march, which is defined as the natural progression from 

atopic dermatitis in early childhood to asthma and allergic rhinitis in later childhood.75 

 

Figure 2 Cross-sectional Change in the Prevalence of Wheeze, Eczema and Rhinitis in the 

MAAS and ALSPAC Cohorts 75 (p.12) 

In support of the atopic march, the Tucson Children’s Respiratory Study found that children with 

eczema in the first two years of life were more likely to have persistent wheeze at age 6 (OR 2.4, 

95% CI 1.3-4.6).2 Similarly, within a whole population birth cohort on the Isle of Wight, eczema at 

age 4 was a risk factor for asthma at age 10 (OR 2.15, 95% CI 1.24-3.73).76 There is also evidence 

linking early eczema and allergic rhinitis. Within the MAS cohort, for example, early atopic 

dermatitis (before 2 years of age) was found to be a risk factor for allergic rhinitis at 7 years of age 

(aOR 2.5, 95% CI 1.4-4.6, p=0.0024).77  However, other findings from the Multicenter Allergy Study 

challenge the concept of the atopic march. Illi et al., for example,  demonstrated that although 

early atopic dermatitis is associated with wheeze at age 7 (OR 1.93, 95% CI 1.22-3.06),  this is not 

the case after adjusting for early wheeze and early atopic sensitisation (aOR 1.46, 95% CI 0.73-

2.90). It was therefore proposed that children with atopic dermatitis and wheeze are more likely 

to represent a distinct phenotype rather than a progression of atopic diseases.78  van der Hulst et 

al. performed a systematic review to assess the risk of developing asthma in children with atopic 

eczema during the first 4 years of life. Across four birth cohort studies, the pooled risk of asthma 

at 6 years of age or older was 2.14 (95% CI was 1.67-2.75) in children with atopic eczema. 
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However, it was highlighted that only 1 in 3 children with atopic eczema acutally develop asthma, 

suggesting a more complex relationship between atopic eczema and asthma than described by 

the atopic march.79  

The existence of the atopic march has also been questioned on the basis that in most studies the 

development of eczema, allergic rhinitis and asthma has been examined at population level using 

cross-sectional data.75  To address this, Belgrave et al. used a machine learning approach to model 

the development of allergic conditions in the ALSPAC and MAAS cohorts taking into account the 

chronology of symptoms in individual patients. Eight different temporal classes describing the 

trajectories of eczema, wheeze and rhinitis during childhood were identified. 51.2% of 

participants had no symptoms. Six of the symptomatic classes were characterised by the presence 

of only one or two conditions, with less than 7% of those with symptoms and 3.1% of all 

participants following a trajectory resembling the atopic march.75  Even when participants with 

mild eczema were excluded, the atopic march was only seen in 5.8% of participants. Once again,  

this suggests that associations between atopic disorders may be due to shared gene-environment 

interactions rather than a progressive march.  The association of food allergy with other allergic 

disorders and its role in the atopic march remains uncertain and requires further investigation.80 

1.2.2 Food Allergy  

Food allergy is defined as an adverse reaction to food mediated by an immunologic mechanism, 

involving specific IgE (IgE-mediated), cell-mediated mechanisms (non-IgE-mediated) or both 

(mixed IgE- and non-IgE-mediated).81 The true prevalence of food allergy is difficult to determine 

because few studies utilise double-blind, placebo-controlled food challenges (the gold standard of 

diagnosis). A systematic review published in 2014 reported that the lifetime prevalence of self-

reported food allergy in Europe is 17.3% compared to a point prevalence of challenge diagnosed 

food allergy of only 0.9%.82  The most common allergenic foods are cow’s milk, hen’s egg, soy, 

wheat, peanuts, tree nuts, fish and shellfish.  Milk, egg, soy and wheat allergies tend to present in 

infancy with most children becoming tolerant by school age. However, other allergies typically 

present later in childhood and usually persist into adulthood.83 84 

1.2.2.1 Diagnosing Food Allergy  

A detailed clinical history is essential in the diagnosis of food allergy.81  Skin prick testing and 

measurement of serum specific IgE may help to support a diagnosis of food allergy.  However, IgE 

sensitisation can occur without clinical symptoms. Skin prick testing is usually deemed positive if a  

wheal diameter of 3mm or greater is produced in the presence of a negative saline control and a 

positive histamine control .83,84 This gives a sensitivity of 70-100% but a specificity of only 40-
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70%.81  Using a cut-off of 0.35 kU/l, specific IgE also has a high sensitivity, making it a useful test to 

rule out IgE-mediated food allergy.84 However, the false positive rate tends to be even higher than 

that of skin prick testing.85  The specificity of skin prick testing and specific IgE can be improved by 

using higher cut-off values. Sporik et al., for example, correlated the results of skin prick testing 

and open challenges to milk, egg and peanut in 467 children referred to a tertiary allergy clinic for 

the evaluation of suspected food allergy. They found that above a wheal diameter of 8mm for 

cow’s milk, 7mm for egg and 8mm for peanut, negative reactions did not occur i.e. the specificity 

of skin prick testing was 100%.86  Given that cutaneous reactivity appears to be influenced by age, 

gender, time of day and season, these values may, however, differ between populations.87 

Similarly, Sampson et al. compared the reults of specific IgE (generated using the Pharmacia CAP 

method) with the outcomes of oral food challenges in 196 children and adolescents. They found 

that above levels of 6KU/l for egg, 32 kU/l for milk, 15 kU/l for peanut and 20kU/l for fish, specific 

IgE could predict clinical reactivity with ≥95% certainty.88 Other studies have, however, reported 

different specific IgE cut-off levels above which 95% of children show clinical reactivity. Van Venn 

et al., for example, reported that amongst 280 children recruited from primary and secondary 

care settings, a positive predicitive value of 95% for peanut allergy was not even achieved with a 

specific IgE level greater than 100 kU/l and that the relationship between peanut allergy and 

peanut-specific IgE is stongly influenced by eczema.89 These findings demonstrate that skin prick 

testing and specific IgE cannot reliably differentiate between asymptomatic sensitisation and 

clinical allergy, especially if there is not a clear history of symptoms following ingestion of a single 

food.83 

A food challenge may be undertaken where there is diagnostic uncertainity or to demonstrate 

oral tolerance to a food. Food challenges involve giving increasing amounts of the suspected food 

under medical supervision, in an open or blinded manner.81  Although double-blind, placebo-

controlled challenges are least prone to bias84 and therefore considered the ‘gold standard’ 

diagnostic test for food allergy, they are labour-intensive, time-consuming and may induce 

anaphylaxis.85 They are particularly difficult to perform in large epidemiological studies.90  

Therefore, our knowledge surrounding the relationship between food allergy and other 

conditions stems mainly from studies which have utilised alternative criteria to define food 

allergy.80  
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1.2.2.2 The Relationship between Food Allergy and Asthma  

Numerous studies have demonstrated an association between allergic sensitisation to food 

allergens and asthma. Within the MAS cohort, for example, children sensitised to hen’s egg, cow’s 

milk, soy or wheat (specific IgE to ≥ 0.35 kU/l) at 1 and 2 years of age, had a 10.6 times higher risk 

of developing asthma than children never sensitised to any of these food allergens.91 Meanwhile, 

Wang et al. found that amongst 504 children aged 4-9 years enrolled in the National Cooperative 

Inner City Asthma Study (NCICAS), 45% had evidence of sensitisation to at least one of the six 

most common food allergens.92 This is much higher than the estimated prevalence of positive 

specific IgE to at least one food across Europe, which is 10.1% overall and 2.7% in children aged 0-

17 years.82   

Studies taking clinical symptoms and sensitisation into account, also support an association 

between food allergy and wheezing disorders. Schroeder et al., for example, studied 296 children 

who were less than 6 years and 271 children aged 6 years or older enrolled in a family based food 

allergy study.  Symptomatic food allergy (defined as typical allergic symptoms within 2 hours of 

ingestion of a food and either an IgE  ≥ 0.1 kU/l or a positive skin prick test to that food) was 

strongly associated with parentally reported physician diagnosed asthma in both the younger (OR 

5.3, 95% CI 1.7-16.2) and older children (OR 4.9, 95% CI 2.5-9.5).  Furthermore, the risk of asthma 

was highest in those with symptoms suggestive of severe food allergy and those with two or more 

allergies.93  The Urban Environment and Childhood Asthma (URECA) study offered further insights 

into the relationship between food allery and early childhood wheeze.  This was a prospective, 

inner-city birth cohort, established in 2005-2007 to study the effects of specific urban exposures 

on the development of recurrent wheeze and asthma.  From birth to 5 years, parents were asked 

annually about symptoms suggestive of food allergy and at 1,2,3 and 5 years levels of specific IgE 

to milk, egg and peanut were measured. Children with food allergy were more likely to wheeze 

from the third year of life onwards than those without  food allergy (OR 3.9, 95% CI 1.7-5.7, 

p<0.001 for wheeze in year 4). However, no association between food allergy and wheeze in the 

first two years of life was observed.  In the URECA study, food allergy was defined as a positive IgE 

level (≥ 0.35 kU/l) to milk, egg and/or peanut and a physician diagnosis of food allergy or parental 

report of a previous reaction suggestive of food allergy.94  It is therefore likely that in this and the 

aforementioned study by Schroeder et al., cases of food allergy were overestimated.  
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Recently, Saarinen et al. prospectively followed 118 children with challenge proven cow’s milk 

allergy who were enrolled in a population-based cohort study. Compared to a control group, 

those with IgE-positive challenge proven cow’s milk allergy in the first year of life, were more 

likely to have asthma (31 vs 13%, p <0.01), rhinoconjunctivitis (66 vs 21%, p <0.01) and atopic 

eczema (81 vs 26%, p <0.01) at school age.95 The same study group also demonstrated higher eNO 

levels (mean log eNO 1.14, 95% CI 1.08-1.19 vs mean log eNO 1.02, 95% CI 0.97-1.07) and 

increased bronchial hyperresponsiveness at school age among those with cow’s milk allergy. 96  

Food allergy is associated not only with an increased risk of developing asthma but also with 

worse asthma outcomes.  Wang et al., for example, demonstrated that children in the NCICAS 

cohort who were sensitised to one more foods had higher rates of asthma hospitalisation (p= 

0.001) and higher rates of steroid use (p=0.025) than non-sensitised individuals.92 Furthermore, 

Roberts et al. demonstrated that children with co-existing asthma and food allergy are at 

increased risk of near fatal asthma.  When 19 children ventilated for an exacerbation of asthma 

were compared with 38 age-matched controls who had attended hospital with a non-life-

threatening exacerbation of asthma, the odds ratio for food allergy among cases was 8.58 (95% CI 

1.85-39.71).97 

The association between food allergy and asthma may just be statistical given that both are linked 

to atopy.  However, there may be a casual pathophysiological pathway with clinical implications.83  

Improving our understanding of the association between the two conditions is important because 

if food allergy is a predictor of subsequent asthma, early intervention or prevention may be 

possible. 80 Further population-based cohort studies utilising oral food challenges are therefore 

needed.   
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1.3 Asthma  

Asthma is a chronic condition which affects all age groups. There are multiple phenotypes, which 

vary according to the age of onset, symptoms, exacerbating factors, response to treatment and 

severity.33  

1.3.1 Severe Asthma  

Although patients with severe asthma represent only 10% of all asthma patients, they account for 

50% of healthcare costs7 and have high morbidity and mortality.98  According to an ERS/ATS 

Taskforce, severe asthma is asthma requiring treatment with high dose inhaled corticosteroids 

and a second controller for the previous year or systemic corticosteroids for more than 50% of the 

previous year to maintain control, or asthma which remains uncontrolled despite this therapy.99 

Features of poor control include an ACQ score persistently greater than 1.5 or an ACT score less 

than 20, frequent severe exacerbations and airflow limitation (FEV1 <80%).  Severe asthma is a 

complex disease with a wide variety of pathophysiological mechanisms, clinical features and 

outcomes. To improve understanding and management of severe asthma, attempts have been 

made to identify asthma phenotypes, using hypothesis-based and unbiased approaches.99,100 A 

phenotype is defined as the composite, observable characteristics of an organism, resulting from 

interaction between its genetic make-up and environmental influences.99  To date, most asthma 

phenotypes identified have been characterised by clinical features rather than factors which 

provide insights into underlying disease pathology.100 

Fitzpatrick et al. identified  four clusters of children with asthma from 161 children enrolled in the 

Severe Asthma Research Program (SARP): 1) later-onset asthma with normal lung function, 2) 

early-onset atopic asthma with normal lung function, 3) early-onset atopic asthma with mild 

airflow limitation and 4) early-onset atopic asthma with advanced airflow limitation.101  These 

clusters were derived by applying cluster analysis to 12 variables covering demographics, asthma 

symptoms, medication and health care use, eNO and atopic sensitisation.  Children with severe 

asthma were present in all four clusters with no one cluster corresponding to proposed 

definitions of severe asthma. This highlights the heterogeneity of severe asthma and need to 

ultilise unbiased approaches to define phenotypes.  Furthermore, the clusters were distinct from 

those previously identified in adults, suggesting that findings from adults with severe asthma 

cannot be translated directly to children.  The SARP clusters were replicated in 611 children from 

three Childhood Asthma Research and Education (CARE) Network clinical trials and their 

associations with treatment responses were explored.102 Based on the finding that an early onset, 

severe lung function cluster responded best to fluticasone/salmeterol and an early onset, mild 
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airflow limitation cluster (with greatest comorbidity) showed limited treatment responses, it has 

been suggested that identifying asthma phenotypes may enable clinicians to personalise 

treatment regimes.  This theory is supported by Howrylak et al., who divided 1041 children 

enrolled in the Childhood Asthma Management Program (CAMP) into five distinct clusters.103 

CAMP was a multi-centre trial of 1041 children aged 5 to 12 years with mild to moderate asthma 

who were randomly assigned to receive budesonide, nedocromil or placebo (short acting beta-

agonist as required). Responses to inhaled corticosteroids differed between patients in the two 

most severe clusters. Patients in one cluster (low atopic burden, worst lung function) responded 

well to budesonide and nedocromil compared to placebo, whereas in the other cluster (high 

atopic burden, low lung function), neither budesonide nor nedocromil reduced the rate of 

exacerbations.  

However, other studies have suggested that phenotyping asthma using clinical variables may be 

of limited clinical benefit. The TENOR study group identified five clusters of children (aged 6-11 

years) and adolescents/adults (aged ≥ 12 years) with difficult-to-treat asthma and related these to 

health outcomes including exacerbations, asthma control and quality of life.104  The clusters were 

distinguished by gender, atopic status and race in both age groups and additionally, by passive 

smoke exposure in children and aspirin sensitivity in adolescents/adults. The aspirin sensitive 

cluster (which included mainly white, female patients with late-onset asthma and atopy) 

experienced more exacerbations and had a poorer quality of life.  Despite robust differences 

between the paediatric clusters, these were not related to subsequent health outcomes.  

Meanwhile, in a longitudinal cohort of 112 adult patients with severe asthma, Bourdin et al. 

identified five clusters using a SARP algorithm.105  These differed in terms of age, asthma duration, 

lung function, blood eosinophil levels, ACQ-6 scores and diabetes comorbidity. However, all the 

cohorts shared similar outcomes, including ACQ-6 score, exacerbation rate and treatment 

requirements.  

It is hoped that with the emergence of new biomarkers including omics technologies novel 

asthma phenotypes  will be discovered. Omics technologies, which include genomics, proteomics, 

lipidomics and metabolomics explore the roles and relationships of molecules within biological 

systems. They involve large scale surveys, making no a priori assumptions about which 

components may be associated with a particular disease. Phenotypes integrating clinical data and 

omics may enable a more personalised approach to the treatment of patients with severe 

asthma.11   
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1.3.2 Asthma Exacerbations  

Asthma exacerbations are a cause of substantial morbidity, including poor quality of life and 

accelerated declines in lung function.106-109 They are also an important risk factor for asthma 

death.110 Therefore, one of the main goals of asthma management is to prevent exacerbations.12 

Identifying patients at high risk for asthma exacerbations could lead to targeted treatments and 

reduced morbidity.111  

1.3.2.1 Definitions  

Exacerbation incidence and severity are dependent on the definitions used for exacerbations.12 If 

standardised defintions are not used in clinical trials, data from these cannot easily be compared 

or pooled for meta-analyses. Therefore, in 2009 the American Thoracic Society (ATS)/European 

Respiratory Society (ERS) published a consensus statement, which included the following 

definitions for asthma exacerbations.  

Severe asthma exacerations were defined as asthma exacerbations requiring use of systemic 

corticosteroids (oral or parenteral) or an increase from a stable maintenance dose for at least 3 

days or an asthma-related hospitalisation or visit to the emergency department requiring oral 

corticosteroids.  

Moderate exacerbations were defined as a deterioration in symptoms, a deterioration in lung 

function and/or an increase in bronchodilator use for at least 2 days, but not severe enough to 

require systemic corticosteroids or hospitalisation.112  

1.3.2.2 Risk Factors for Exacerbations  

In order to prevent asthma exacerbations and their consequences, those at risk need to be 

identified so that targeted treatments can be developed.111,113 Although asthma exacerbations are 

more common in those with severe disease, they occur across all levels of disease severity.113  It 

has therefore been been hypothesised that patients with frequent exacerbations may represent a 

separate phenotype of disease with potentially unique pathogenic mechanisms.106,114 

In support of this theory, studies in both children and adults have consistently shown that 

previous asthma exacerbations are the best predictor of subsequent exacerbations, regardless of 

disease severity.111,115  Miller et al., for example,  conducted a prospective analysis of 2780 

patients aged ≥ 12 years enrolled in the TENOR study. They found that patients with a severe 

exacerbation in the previous 3 months were over six times more likely to experience future 

exacerbations compared to those without a recent exacerbation. This association remained after 

adjustment for asthma severity using three different methods of severity assessment.116 Similarly, 
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amongst children aged 6 to 11 years with severe/difficult to treat asthma enrolled in the TENOR 

study, future severe exacerbations over 6 months were most strongly predicted by one or more 

severe exacerbations in the preceding 3 months (OR 3.08, 95% CI 2.21-4.28). 117  An association 

between previous and future exacerbations has also been demonstrated in a large population 

population based study conducted by Bloom et al.118  They used electronic health care records to 

identify 51,463 adults aged 18-55 years with asthma who had at least 7 years of follow up data.  

36% of patients had one or more exacerbations during follow up.  The odds of having a future 

exacerbation were significantly higher for patients who had experienced a previous exacerbation, 

particularly if an exacerbation had occurred recently.  For example, the odds ratio of having a 

future exacerbation was 6.7 (95% CI 6.1-7.4) if an exacerbation had occurred in the past year, 

compared to 2.6 (95% CI 2.4-2.8) if an exacerbation had occurred five years previously. 

Furthermore, the likelihood of a future exacerbation was higher in patients with a history of 

multiple exacerbations and in patients with a past history of a severe exacerbation.     

Poor asthma control is also a recognised risk factor for asthma exacerbations in children and 

adults.119 120 The Asthma Control Test (ACT) comprises five questions and produces a score 

ranging from 0 to 25, where higher scores indicate better disease control.121  In post-hoc analysis 

of data from a 12-month prospective cohort study involving asthma patients aged 15-60 years, 

Wei et al. found that lower Asthma Control Test (ACT) scores at baseline in those with 

uncontrolled and partly controlled asthma were associated with an increased risk of future 

asthma exacerbations (OR 3.65, 95% CI 2.20-6.04 and 5.75, 95% CI 2.91-11.38, respectively).122 

Meanwhile, in the TENOR study, Hasselkorn et al. found that in addition to recent severe 

exacerbations, poorly controlled asthma (according to the impairment component of the National 

Heart, Lung and Blood Institute guidelines) significantly predicted future severe exacerbations (OR 

1.59, 95% CI 1.14-2.23).117 In another study, the ability of the Children’s Asthma Control Test (C-

ACT) and spirometry to predict asthma exacerbations in children aged 4 to 11 years were 

evaluated. 32 out of 97 patients (33%) had one or more asthma exacerbations during a 6-month 

period of follow up.  Baseline C-ACT was significantly lower (indicating poorer asthma control) 

among patients with asthma exacerbations than those without (22.9 vs 24.5, p=0.015) and in 

logistic regression the occurrence of an exacerbation was inversely associated with C-ACT (β=-

0.023, p= .042). Spirometric values, including FEV1 % predicted FEV1/FVC ratio, FEF25-75 and PEF, 

were not, however, associated with asthma exacerbations (p>0.5 in all cases).123 

In other studies of both adult and children, an association between reduced lung function and 

asthma exacerbations has been demonstrated. Using data from the Childhood Asthma 

Management Program, Fuhlbrigge et al. examined the relationship between prebronchodilator 

FEV1 and asthma related events in 417 children with mild to moderate asthma (assigned to 
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placebo).  Compared to children with an FEV1 ≥ 100% predicted, children with an FEV1 of 80 to 

99%, 60 to 79% and <60% were 1.3, 1.8 and 4.8 times more likely to have a serious exacerbation 

over a 4-month period.124  Meanwhile, amongst participants from all of the CAMP treatment 

groups Wu et al. identified a lower FEV1/FVC ratio as an idependent risk factor for severe 

exacerbations (β-estimate -0.023, 95% CI -0.040 to -0.0061, p=0.0076).125 Given that FEV1 is often 

normal in children with asthma, Rao et al. investigated the relationship between FEF25-75 and 

asthma morbidity in the setting of a normal FEV1. Spirometry results were obtained in 744 

children aged 10-18 years diagnosed with asthma over a 10-year period at a tertiary children’s 

hospital. Medical records in the one year prior to and following spirometry were reviewed for 

details on asthma severity and outcomes. Children with a low FEF25-75  and low FEV1/FVC but 

normal FEV1 were 6 times more likely to experience exacerbations than than those with normal 

spirometry (OR 6.3, 95% CI 1.86-33.42., p<0.001).126 

Other risk factors for asthma exacerbations appear to differ between children and adults.115,127,128  

In children, for example, younger age is a predictor of exacerbations whereas in adults the 

opposite is true.115,118   Mahut et al. reviewed asthma control and exacerbations over the past 3 

months in 359 children receiving inhaled corticosteroids for persistent asthma. In a multivariate 

logistic regression model, with severe exacerbations as the dependent variable and age, season, 

long acting bronchodilator administration and inhaled corticosteroid (ICS) dose as explanatory 

variables, age, season and ICS dose significantly influenced the risk of a severe exacerbation. For 

each year increase in age from infancy to adolesence, the risk of a severe exacerbation decreased 

by 15%.129 Similarly,  Wu et al. found that increasing age reduced the risk of exacerbations 

amongst children enrolled in the Childhood Asthma Management Program (β-estimate -0.10, 95% 

CI -0.16 to -0.052, p<0.001).125  Regarding gender, boys are more likely to suffer from asthma 

exacerbations than girls before puberty. Thereafter, however, the sex difference reverses and 

females have a greater incidence and prevalence of exacerbations than males.130 In adults,  co-

morbidities including obesity, depression and gastro-oesophageal reflux disease have been linked 

to asthma exacerbations, whereas in children co-morbid allergic disease may be important.115,128 

In the Childhood Asthma Management Program, Wu et al. found no association between the 

number of positive skin prick tests at baseline and asthma exacerbations. However, cluster 

analysis of the CAMP participants by Howrylak et al. suggested that atopy is more common 

amongst patients who experience frequent exacerbations.103  Other studies have also suggested 

this.  Ortega et al., for example, applied a cluster analysis approach to a sample of 2205 adults and 

2435 children with asthma. Seven adult and six paediatric clusters were identified. The rate ratio 

for having an asthma exacerbation was significantly higher in cluster 7 of the adult participants 

(RR 2.88, 95% CI 2.46-3.36), which was characterised by female patients with severe asthma, a 
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lower asthma control score, gastro-oesophageal reflux disease and skin allergies. Meanwhile, the 

paediatric cluster with the highest rate of exaerbations (RR 2.36, 95% CI 2.11-2.64) was 

characterised by patients with severe asthma, a lower asthma control score and sinus and skin 

allergies.131 Similarly, Just et al. applied cluster analysis to 19 variables from 315 children enrolled 

in the Trosseau Asthma Program in France. Three clusters were identified, one of which was 

characterised by a higher number of positive skin prick tests to inhaled and food allergens, high 

levels of uncontrolled asthma and high rates of exacerbations requiring hospitalisation.132  Finally, 

when Lazic et al. used a machine learning approach to cluster children within two population-

based birth cohorts into different classes of atopic sensitisation, one of the five clusters identified 

(the cluster with sensitivity to a wide variety of allergens) was associated with a higher risk of 

asthma exacerbations.71   Further studies utilising component resolved diagnostics would help to 

clarify the relationship between allergy and asthma exacerbations. 
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1.4 Summary of Knowledge Gaps 

1.4.1 Early Childhood Wheeze 

The International Study of Asthma and Allergies in Childhood (ISAAC)22 and European Community 

Respiratory Health Survey (ECRHS)23 have previously demonstrated that prevalence rates of 

asthma in school aged children and adults vary considerably between countries.  However, 

studies comparing prevalence rates of early childhood wheeze between countries are lacking.  

Such studies are needed to help improve our understanding of the aetiology of early childhood 

wheeze.  

Birth cohort studies have identified a number of important risk factors for early childhood 

wheeze, including respiratory tract infections (particularly those due to RSV and rhinoviruses), day 

care attendance, older siblings, environmental tobacco smoke exposure and male gender.9  

Studies have also demonstrated that breastfeeding is protective.51-53  However, studies looking at 

whether the timing of complementary feeding influences the risk of wheeze have shown 

conflicting results.56,57  Given that infant feeding practices are modifiable, further research is 

needed to determine their role in the aetiology of early childhood wheeze. Evidence regarding the 

relationship between early onset food allergy and early childhood wheeze is also limited.  Food 

allergy is known to be associated with an increased risk of developing asthma and worse asthma 

outcomes.92,97 However, few studies have explored the relationship between food allergy and 

wheezing disorders in early childhood and of those that have, none have utilised food challenges 

to diagnose food allergy.  If food allergy is associated with an increased risk of early childhood 

wheeze, strategies to prevent food allergy may also help to reduce the burden of early childhood 

wheeze.  Therefore, studies aimed at improving our understanding of the relationship between 

challenge proven food allergy and early childhood wheeze are needed.  
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1.4.2 Allergy and Asthma  

It has long been recognised that allergy and asthma are closely linked, particularly in children.  

Furthermore, allergic diseases and allergic sensitisation appear to be associated with severe 

asthma.  For example, children with food allergy have higher rates of hospitalisation, systemic 

corticosteroid use and mechanical ventilation than those without.90,97 Meanwhile, increasing 

levels of specific IgE and increasing skin prick test wheal diameters to aeroallergens are 
associated with markers of asthma severity including poor lung function.67-70,133  However, 

no studies comparing prevalence rates of allergic diseases and allergic sensitisation in patients 

with mild to moderate and severe wheeze/asthma across the life course have been undertaken.  

Such studies would be beneficial as an improved understanding of how allergy influences asthma 

severity across the life course could lead to improvements in wheeze/asthma management.    

1.4.3 Asthma Exacerbations  

Previous research has identified that a history of previous asthma exacerbations and poor asthma 

control are the best predictors of future asthma exacerbations in adults and children.111,115  

However, given that exacerbations may occur in non-symptomatic patients and those with no 

history of exacerbations, further research is needed to identify novel risk factors which account 

for the fact that asthma is a heterogeneous disease.98,111  In recent years, attempts have been 

made to identify asthma phenotypes.  However, there is limited evidence that these reliably 

predict clinical outcomes.  Indeed, studies looking at the relationship between asthma 

phenotypes and future exacerbation rates have shown conflicting results.104,105,131,132  The 

relationship between atopy and asthma exacerbations is also inconclusive.134  Recent research in 

children, for example, suggests that specific patterns of atopic sensitisation are more strongly 

associataed with an increased risk of asthma exacerbations than conventional atopy.71  Further 

studies are therefore needed to clarify whether clinical phenotypes and patterns of atopic 

sensitisation can predict asthma future exacerbations across the life course.    
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1.5 Overview of Thesis 

This thesis uses data collected as part of the EuroPrevall birth cohort study and the Unbiased 

Biomarkers for the Prediction of Respiratory Disease Outcomes (UBIOPRED) study to provide new 

inights into the aetiology of early childhood wheeze, the role of allergic disease and allergic 

sensitisation in asthma across the life course and risk factors for exacerbations in patients with 

severe asthma/preschool wheeze.   

1.5.1 Early Childhood Wheeze  

The EuroPrevall birth cohort study was established in 2005 to examine prevalence patterns of 

food allergies in children across Europe.135  Children from nine European countries were recruited 

at birth and were routinely followed up at 12 and 24 months using standardised questionnaires.  

Those with signs and symptoms suggestive of possible food allergy underwent additional 

assessments skin prick testing and measurement of specific IgE with or without a double-blind, 

placebo-controlled food challenges.  The 12 and 24-month questionnaires included multiple 

questions relating to wheeze.  Detailed information on participants’ birth history,  family history, 

maternal diet, environmental exposures (including cigarette smoke and pets), dietary intake 

during the first two years of life and other medical problems was also collected. Therefore, the 

EuroPrevall birth cohort is an ideal cohort in which to examine the prevalence of and risk factors 

for early childhood wheeze.  

Birth cohort studies, in general, are the ideal study design for evaluating risk factors for disease 

that begin in early childhood.135 Their prospective nature means that the temporal relationship 

between environmental exposures and the onset of the disease can be determined. Collecting 

data at multiple time points (starting antenatally) also means that relevant time windows of 

exposure and the effects of cumulative exposure can be studied. Furthermore, they allow 

interactions between different exposures and genetic factors to be studied.31 136 

The EuroPrevall birth cohort is the largest birth cohort to date to examine risk factors for early 

childhood wheeze. It is also the first to evaluate variations in the prevalence of preschool wheeze 

across different countries. The International Study of Asthma and Allergies in Childhood (ISAAC) 

and European Community Health Respiratory Survey (ECHRS) compared the prevalence of asthma 

symptoms including wheeze between countries worldwide. However, neither of these studies 

included preschool children. One study has examined variations in prevalence rates of wheeze at 

4 years of age across Europe. However, this utilised data from 10 individual MeDALL (Mechanisms 

of the Development of ALLergy) cohorts.29 Comparing data from individual studies is not ideal due 

to use of different defintions and methods.  By comparing the prevalence of early childhood 



Chapter 1 

27 

wheeze across Europe in the EuroPrevall cohort, it may be possible to identify new risk factors 

and determine the importance of those which are already known.   Furthermore, the EuroPrevall 

cohort provides a unique opportunity to explore the association between challenge proven food 

allergy and early childhood wheeze.   

1.5.2 Allergy and Asthma 

The Unbiased Biomarkers for the Prediction of Respiratory Disease  Outcomes (UBIOPRED) study 

is a multi-centre, prospective observational cohort study of preschool wheeze and asthma, which 

was established in 2009.  Participants with mild to moderate and severe disease were recruited 

into adult, school and preschool age cohorts. All participants underwent a baseline visit at which a 

detailed asthma and allergic disease history was taken. Skin prick testing, specific IgE 

measurement and component resolved allergen diagnostics using the ISAC Chip® (ThermoFisher 

Scientific, Uppsala, Sweden) were also performed.  

An association between allergic disease and asthma has long been recognised. However, most 

studies demonstrating this have focused on children or young adults and have defined asthma on 

the basis of a doctor’s diagnosis of asthma or a history of wheeze without objective evidence of 

bronchoconstriction, airway inflammation or airway hyperresponsiveness. 65,66  It has been 

demonstrated that in epidemiological studies both children and adults may be incorrectly defined 

as ‘cases’ if case definitions are based on parentally reported wheeze or a self reported general 

practitioner (GP) diagnosis of asthma.59  

In the UBIOPRED study, comprehensive diagnostic criteria were used to ensure that diagnoses of 

asthma and preschool wheeze were accurate.  Participants in the severe cohorts, for example, 

had to have been under tertiary follow up for at least six months to exclude alternative diagnoses 

and in the school age and adult cohorts, lung function testing ± bronchodilator reversibility and 

methacholine challenge testing were performed.  UBIOPRED is also the first study to recruit 

preschool wheeze cohorts on the basis of a consensus definition.   All of the UBIOPRED cohorts 

were assessed in the same way, allowing the prevalence of allergic disease and allergic 

sensitisation in patients with asthma/preschool wheeze to be assessed across the life course.   In 

this analysis, differences between patients with mild to moderate and severe asthma/preschool 

wheeze will also be assessed to provide a detailed insight into the role of allergic disease and 

allergic sensitisation in asthma/preschool wheeze.  
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1.5.3 Asthma Exacerbations  

The severe UBIOPRED cohorts were followed up longitudinally (after 12-18 months). At follow up 

details of asthma/wheeze exacerbations were recorded.  Asthma exacerbations are associated 

with considerable patient morbidity and place a major burden on healthcare resources. 

Therefore, the ability to predict and potentially prevent asthma exacerbations would be beneficial 

at both the individual patient level and from a public health point of view.12 115 According to the 

EACCI Postion Statement on asthma exacerbations and severe asthma, further studies with 

improved designs are needed to properly characterise the risk of asthma exacerbations.98  

UBIOPRED will address this need by exploring risk factors for asthma exacerbations across the life 

course.  Previous research suggests that asthma and atopy encompass a number of different 

phenotypes which differ in their association with clinical outcomes such as asthma 

exacerbations.59  This analysis will focus on determining whether clinical clusters and ISAC 

component atopy clusters are associated with future asthma exacerbations in patients with 

severe asthma.   A wide range of other clinical characteristics will also be assessed as potential risk 

factors.  In previous studies looking at the association between atopy/allergic disease and asthma 

exacerbations, sensitisation has been determined according to the results of skin prick testing and 

measurement of specific IgE to selected panels of food and inhalant allergens. By using ISAC Chip® 

data to cluster participants, this analysis aims to provide new insights into the relationship 

between specific patterns of allergic sensitisation and asthma exacerbations.  Inclusion of 

preschool children, school age children and adults in the UBIOPRED study also means that risk 

factors for asthma exacerbations can be assessed across the life course. Evidence supporting risk 

prediction of exacerbations in preschool children is more limited than in other age groups.115 

Hence, inclusion of this age group is particularly important.  
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1.6 Aims, Objectives and Hypotheses  

1.6.1 Early Childhood Wheeze- Prevalence Patterns and Risk Factors  

The aims of this work were : 

• To determine the prevalence of early childhood wheeze across Europe. 

• To evaluate risk factors for wheeze and how these differ across Europe.  

Evaluation of risk factors focused on food allergy, infant feeding and smoke exposure. Given that 

food allergy is one of the first manifestiations of atopy, it was hypothesised food allergy increases 

the risk of early childhood wheeze.  

It was also hypothesised that the following are risk factors for early childhood wheeze:  

• Shorter duration of breastfeeding. 

• Decreased overlap between breastfeeding and solids. 

• Later introduction of solids. 

• Maternal smoking during pregnancy and early childhood. 

• Other household smokers. 

• Low birth weight, short length and low gestation.  

1.6.2 Allergic Sensitisation and Allergic Disease in the UBIOPRED Cohorts 

The overall aim of this work was to assess whether the prevalences of allergic sensitisation and 

allergic disease explain the differences between mild to moderate and severe asthma/preschool 

wheeze across the life course.  

Specific objectives were:  

• To compare the prevalence of eczema, allergic rhinitis and hay fever in adults, school 

aged children and preschool children with severe verses mild to moderate 

asthma/preschool wheeze. 

• To compare the prevalence of food allergy (defined on the basis of clinical symptoms and 

skin prick testing/specific IgE results) in adults, school aged children and preschool 

children with severe verses mild to moderate asthma/preschool wheeze.  

• To compare the prevalence of allergic sensitisation and atopy in adults, school aged 

children and preschool children with mild to moderate verses severe asthma/preschool 

wheeze.  
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The following hypotheses were tested: 

• The prevalence of allergic diseases and allergic sensitisation differs across the life course 

in patients with asthma/preschool wheeze.  

• The prevalence of allergic diseases and allergic sensitisation is higher in patients with 

more severe asthma/preschool wheeze.  

1.6.3 Asthma Exacerbations in the UBIOPRED Cohorts  

The aims of this work were: 

• To assess whether rates of future exacerbations differ between clinical clusters of 

patients with severe asthma/preschool wheeze.  

• To assess whether rates of future exacerbations differ between patients with different 

patterns of allergic sensitisation.    

• To evaluate whether specific clinical characteristics are associated with more frequent 

severe asthma exacerbations. Characteristics explored included demographic factors, 

previous asthma history, co-morbidities, allergic sensitisation, environmental exposures, 

reported triggers for respiratory symptoms, clinical cluster assignment and ISAC 

component atopy cluster assignment.  

The following hypotheses were tested: 

• Rates of future exacerbations differ between clinical wheeze/asthma clusters. 

• Rates of future exacerbations differ according to patterns of allergic sensitisation.  
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Chapter 2: EuroPrevall Methods 

This thesis uses data collected as part of the EuroPrevall birth cohort study. The methodology of 

this has previously been described in the following papers: 

Keil T, McBride D, Grimshaw K, Niggeman B, Xepapadaki P, Zannikos K et al. The multinational 

birth cohort of EuroPrevall: background, aims and methods.  Allergy 2010; 65: 482-490.135 

McBride D, Keil T, Grabenhenrich L, Dubakiene R, Drasutiene G, Fiocchi A, et al.  The EuroPrevall 

birth cohort study on food allergy: baseline characteristics of 12,000 newborns and their families 

from nine European countries. Pediatr Allergy Immunol 2012; 23: 230-9.137  

Aspects of the methodology that are relevant to this thesis have been summarised below.  

2.1 Study Design  

The EuroPrevall project was launched in 2005 to address knowledge gaps in food allergy.  It was 

funded by the European Union and involved over 60 partners, including patient organisations, the 

food industry and research institutions from Europe, Ghana, Russia, China and India.135,137  As part 

of the EuroPrevall project, a birth cohort was established across nine European countries (chosen 

to ensure that different climatic and cultural regions were represented).135 Prospective birth 

cohort studies are the best study design for evaluating risk factors for diseases that present in 

early childhood.135  Collecting data at repeated time points (starting in pregnancy) means that the 

temporal relationship between environmental exposures and disease onset can be determined.31 

The EuroPrevall birth cohort study was primarily established to examine variations in the 

prevalence of food allergies across Europe.135  However, it also provides a unique opportunity to 

assess the prevalence of early childhood wheeze across Europe and evaluate potential risk 

factors.  

Longitudinal, prospective evaluation of the EuroPrevall cohort began at birth and included routine 

follow up of all participants at 12 and 24 months using standardised questionnaires.  Additional 

assessments including skin prick testing, measurement of specific IgE levels with or without a 

double-blind, placebo-controlled food challenge (DBPCFC)  were undertaken according to a 

standardised protocol whenever parents reported signs or symptoms suggestive of food allergy in 

their children.135  
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2.2 Study Population  

Parents and their children were recruited ante- and postnatally from nine study centres between 

October 2005 and February 2010.137 Study centres included Reykjavik (Iceland), Southampton 

(The United Kingdom), Amsterdam (The Netherlands), Berlin (Germany), Lodz (Poland), Vilnius 

(Lithuania), Madrid (Spain), Milan (Italy) and Athens (Greece).135  

Inclusion criteria were a gestational age of at least 34 weeks and a good condition at birth 

(defined as an Apgar score of at least 7 at 5 minutes of life). Families that were unable to give 

informed consent (due to language or communication difficulties) and infants participating in 

other studies examining atopy or allergic disease were excluded. Each centre obtained approval 

for the study from their local ethics committee and written informed consent was obtained from 

all parents.135,137  

2.3 Data Collection  

2.3.1 Questionnaires  

Questionnaires were chosen as the main data collection tool. These are a cost effective and 

efficient means of collecting large amounts of information from a large sample of people.138  Use 

of standardised questions also means that data collected at different study centres can be 

compared.  A potential limitation of questionnaires is that questions may be misinterpreted by 

respondents, particularly if the language of the questionnaire is not appropriate to the population 

being studied.  Furthermore, if closed questions with a limited number of responses are used, 

important information may not be captured.138 The EuroPrevall questionnaires (Appendices A.2 

and A.3) were based mainly upon those used in previous epidemiological studies such as the 

International Study of Asthma and Allergies in Childhood (ISAAC) and the Multicentre Allergy 

Study (MAS) with use of study specific questions where necessary.135 The ISAAC questionnaires 

have previously been validated in many languages for assessing wheeze in school age children.139  

Furthermore, all questionnaires were translated into different languages and verified with back-

translation into English to limit the potential for misunderstanding. They were conducted via 

telephone or in person by trained interviewers.   
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At recruitment, data were collected on birth details, maternal diet, family history (including 

allergic conditions), socio-demographic status and environmental exposures, including cigarette 

smoke and pet ownership.  At follow up time points, data were collected on signs and symptoms 

of allergic disease including wheeze, the child’s feeding history, exposure to cigarette smoke, 

infections and day care attendance.135  

2.3.2 Identification of Children Requiring Further Evaluation  

Parents were asked to contact their local study team if their child had any signs or symptoms 

potentially related to food ingestion e.g. eczema, urticaria, gastrointestinal symptoms or 

wheezing. A standardised protocol was subsequently used to determine which children required 

further assessment. Symptomatic children were invited to the study centre for a physical 

examination, including completion of the SCORing Atopic Dermatitis (SCORAD) tool for assessing 

the severity and extent of eczema, skin prick testing and venepuncture (to allow measurement of 

specific IgE levels). Parents were also asked to complete a symptomatic questionnaire containing 

similar questions to the 12 and 24-month questionnaires.  

According to international guidelines, a detailed clinical history is the most important step in the 

diagnosis of food allergy with skin prick testing and measurement of specific IgE providing 

supporting information.81 Studies have suggested that these have good sensitivity but poor 

specificity.85 This means that in the absence of a suggestive clinical history, a negative skin prick 

test or specific IgE makes a diagnosis of food allergy unlikely. However, negative results need to 

be interpreted with caution in the presence of a suggestive clinical history particularly as these are 

expected in non-IgE mediated food allergy. Furthermore, using the traditional cut-offs of 3mm 

and 0.35 kU/l, respectively, skin prick testing and specific IgE measurement are associated with 

high false positive rates. Therefore, a positive test alone does not necessarily predict clinically 

relevant food allergy. To ensure accurate diagnoses of food allergy children meeting one or more 

of the following criteria were invited for a double-blind, placebo-controlled food challenge 

(DBPCFC): 

• Elevated allergen-specific serum IgE (>0.35 kU/l) and not eating the food regularly without 

clinical signs or symptoms.  

• Positive skin prick test (≥3mm wheal diameter) and not eating the food regularly without 

signs or symptoms. 

• Immediate (within 2 hours) objective clinical signs or symptoms after ingestion of a single 

food. 
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• Repetitive (on at least 2 occasions) subjective clinical signs or symptoms after ingestion of 

a single food.  

• Clear improvement or absence of clinical signs or symptoms e.g. eczema or diarrhoea 

following an elimination diet.  

2.3.3 Skin Prick Testing  

Skin prick tests were undertaken using ALK (ALK-Abello, Horsholm, Denmark) allergen solutions 

with histamine and saline as positive and negative controls, respectively.  One drop of each 

solution was applied to the forearm and pricked with a 1-mm single-headed lancet (ALK-Abello, 

Horsholm, Denmark). Results were read after 15 minutes.  A positive result was defined as a 

wheal diameter of 3mm or more.   

2.3.4 Measurement of Food Specific IgE 

Where applicable, serum was screened for the six most common food allergens (cow’s milk, hen’s 

egg, soy, wheat, fish and peanut) using the Phadia fx5 screening test (Phadia diagnostics, Uppsala, 

Sweden). If screening was positive, the serum was tested for specific IgE antibodies to these 

foods. All measurements were performed at the allergy laboratory of the Department of 

Paediatric Pneumonology and Immunology, Charité University Medical Centre, Berlin, Germany.  

2.3.5 Double-Blind, Placebo-Controlled Food Challenges (DBPCFCs)  

Challenges were performed under the supervision of a trained paediatrician according to a 

standardised protocol.   They consisted of nine steps with increasing doses given every 20 

minutes.  Allergenic foods were masked in extensively hydrolysed or amino acid formula for bottle 

fed infants or vanilla-orange pudding for older infants. Children with more than one possible food 

allergy were challenged with at least a 1:2 ratio of placebo to active food in randomised order. 

Active and placebo challenge days were separated by at least 48 hours.  

A positive challenge was defined as objective symptoms such as urticaria or angioedema within 2 

hours of the final dose or worsening eczema with an increase in SCORAD ≥10 within 48 hours of 

starting the challenge.140 Food allergy was diagnosed without a DBPCFC in children with a clear 

history of anaphylaxis and elevated allergen-specific serum IgE. 
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2.4 Statistical Analysis 

2.4.1 Generating the Dataset for this Analysis  

The EuroPrevall birth cohort database is held at the Charité University Medical Centre, Berlin, 

Germany. This includes: 

• A baseline dataset containing data from: 

o EuroPrevall Baseline Questionnaire Form 1: Birth Data. 

o EuroPrevall Baseline Questionnaire Form 2: Questions for the mother. 

• Datasets containing data from: 

o EuroPrevall Baseline Questionnaire Form 3: Allergy history of the mother. 

o EuroPrevall Baseline Questionnaire Form 4: Allergy history of the father. 

• A 12-month questionnaire dataset containing data from 12-Month Follow up 

Questionnaires (Appendix A.2) and Symptomatic Visit Questionnaires. 

• A 24-month questionnaire dataset containing data from 24-Month Questionnaires and 

Symptomatic Questionnaires for those aged 13-24 months (Appendix A.3). 

• A dataset containing food challenge outcome data. 

• A dataset containing feeding variables generated using follow-up data. 

In symptomatic children and controls, the same data were collected at multiple time points (due 

to the completion of symptomatic and annual questionnaires). Annual questionnaires were not, 

however, always completed at 12 and 24 months. In order to determine which questionnaires to 

use for this analysis (aiming to include those completed as close to 12 and 24 months as possible), 

the ages of all participants at times of data collection were calculated.  This revealed overlap 

between the 12-month questionnaire and 24-month questionnaire datasets i.e. some 

questionnaires within the the ’12-month’ dataset had been completed closer to 24 months than 

12 months. Given that this analysis relied upon data on wheeze at specific time points, the 

following approach was taken: 

• The original 12 and 24-month questionnaire datasets were merged.  

• Any questionnaires completed before 6 months or after 30 months were excluded. 

• Any questionnaire data obtained between the ages of 6 and less than 18 months of age 

were labelled as one-year data and any questionnaires data obtained between the ages of 

18 and 30 months were labelled as two-year data.  
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• If two questionnaires were completed within the same time period (due to completion of 

a symptomatic and an annual questionnaire), the questionnaire completed closet to 12 

months or 24 months was utilised.  

• New 12-month and 24-month datasets containing only one entry per participant were 

generated.  

These new datasets were subsequently merged with the baseline dataset, data on parental 

allergies, the food challenge outcome data and the infant feeding data. All subsequent analyses 

were undertaken in STATA SE 13 (StataCrop, College Station, USA).  

It was also necessary to transform non-dichotomous catriegorical variables into dichotomous 

variables and generate a number of new variables. Variables not required for this analysis were 

removed from the dataset.   A comprehensive literature search was undertaken to identify 

variables which may be important risk factors for wheeze. The findings of the literature search 

have previously been discussed in the introduction to this thesis.  
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2.4.2 Exposures 

2.4.2.1 Dichotomous Variables  

Table 1 describes how dichotomous variables were generated using data collected at baseline and follow up time points. 

Table 1 Description of Dichotomous Variables Generated using Questionnaire Data 

Variable Source of data Question/questions asked Dichotomous classification  
Form of delivery  Baseline 

questionnaire 
• Form of delivery 

o Normal, unassisted 
o Forceps, vacuum assisted 
o Vacuum extraction  
o Caesarean section, planned 
o Caesarean section, emergency 

Children were grouped according to 
whether they were born via Caesarean 
section or vaginally.  

Parental ethnicity  Baseline 
questionna 

• What is your ethnic group?/ What is the ethnic group 
of the baby’s father?  

o Caucasian (white) 
o Asian 
o African 
o Arabian 
o Other including mixed race 

Parents were classified as Caucasian or 
non-Caucasian (all other groups).  

Allergic disease in 
parents  
 
 
 
 

Baseline 
questionnaire 
 
 
 
 

For each parent: 
• Do you or did you ever suffer from pollen-related 

rhinitis (hay fever)? 
o Was it medically diagnosed? 

• Do you or did you ever suffer from eczema? 
o Was it medically diagnosed? 

Parents were defined as having self-
reported, doctor diagnosed allergic 
disease if they reported medically 
diagnosed hay fever, eczema or asthma.  
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Variable Source of data Question/questions asked Dichotomous classification  
Allergic disease in 
parents 

Baseline 
questionnaire 
 

• Do you or did you ever suffer from asthma? 
o Was it medically diagnosed? 

Any maternal smoking Baseline 
questionnaire 

• Do you smoke? 
o Yes 
o No, ex-smoker 
o No, never smoked 

Current smokers and ex-smokers were 
grouped together to create a 
dichotomous variable for ever versus 
never smoked.  

Smoking during 
pregnancy 

Baseline 
questionnaire 

• Do you smoke? 
o Yes 
o No, ex-smoker 
o No, never smoked 

• Did you stop smoking or reduce the number of 
cigarettes you smoked when you were pregnant? 

o Yes, stopped completely 
o Yes, reduced the number of cigarettes smoked 
o No, continued to smoke at the same level 
o I had already stopped before becoming 

pregnant 

Mothers were classified as having 
smoked during pregnancy if they 
answered yes or no, ex-smoker to ‘Do 
you smoke?’ and reported that they had 
reduced the number of cigarettes 
smoked or continued smoking at the 
same level when they were pregnant.  

Mother smoking at one-
year follow-up 

One-year data • Do you smoke? 
o No 
o Yes, daily 
o Yes, occasionally 

 

Daily and occasional smokers were 
grouped together to differentiate 
smokers from non-smokers.  

Day care at any time in 
first two years of life 

One and two-year 
data 

• Does your child attend day care or a nursery? 
o Yes 
o No 

If parents replied yes to this question in 
the time frame for one-year data, two-
year or both children were classified as 
having attended day care in the first two 
years of life.  
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Variable Source of data Question/questions asked Dichotomous classification  
Upper respiratory tract 
infections 

One and two-year 
data 

• How often has your child had an upper respiratory 
tract infection in the last 12 months? 

o None/once 
o Occasionally (once every 3 months) 

• Often (once a month or more) 

Frequent upper respiratory tract 
infections were defined as one every 3 
months (quarterly) or more.  

Lower respiratory tract 
infections 

One and two-year 
data 

• How often has your child had a lower respiratory tract 
infection in the last 12 months? 

o None/once 
o Occasionally (once every 3 months) 

• Once a month or more 

Frequent lower respiratory tract 
infections were defined as one every 3 
months (quarterly) or more. 

Eczema in the first two 
years of life 

One and two-year 
data 

• Has your child had a rash or eczema that has lasted 
for at least 7 days or more? (Do not count regular 
nappy rash) 

o Yes 
o No 

If parents replied yes to this question in 
the time frame for one-year data, two-
year data or both, children were 
classified as having eczema in the first 
two years of life.   
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2.4.2.2 Continuous Feeding Variables  

The 12-and 24-month questionnaires included an extensive list of foods commonly found in the 

diets of children. Parents were asked if their child had tried each of these and if so, how old they 

were (in months) when they first tried each food. Parents were also asked if their child had ever 

been breastfed and if so, how old their child was (in months, weeks or days) when they stopped 

breastfeeding.  Using this data, the age of each child when solids were first introduced and the 

overlap (in months) between breastfeeding and solids was determined.  For overlap of 

breastfeeding/solids, values less than one were converted to zero.  

2.4.2.3 Food Allergy 

Children were defined as allergic or tolerant according to double-blind, placebo-controlled food 

challenge outcomes (Table 2).  

Table 2  Determination of Double-Blind, Placebo-Controlled Food Challenge Outcomes 

Active challenge day Placebo challenge day Classification  

Positive Negative Allergic  

Negative Negative Tolerant 

Positive Positive Inconclusive * 

Negative Positive Tolerant  

*Inconclusive challenges were repeated.  

Food allergy was diagnosed without a DBPCFC in children with a clear history of anaphylaxis and 

elevated allergen-specific serum IgE. 

Children with food allergy were sub-divided into those with IgE-mediated and non-IgE mediated 

food allergy. IgE-mediated food allergy was defined as food allergy with evidence of allergic 

sensitisation i.e. a positive skin prick test (≥3mm wheal) or positive specific IgE (≥0.35 kU/l) to the 

triggering food at any time during follow up.  Non-IgE mediated food allergy was defined as food 

allergy without any evidence of allergic sensitisation.    

2.4.3 Outcome Variables  

Wheeze in the second year of life was the primary outcome for this analysis. Questions relating to 

wheeze included: ‘In the last 12 months, has your child had wheezing or whistling in the chest?’ 

(12-month questionnaire) and ‘Between the ages of 13 and 24 months, has your child had 
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wheezing or whistling in the chest when they did not have a cold?’ (24-month questionnaire).   

Children were defined as having wheeze in the second year of life if parents answered yes to 

either of the above questions within the specified time range for two-year data. A secondary 

analysis comparing those with recurrent wheeze (defined as wheeze in both the first and second 

years of life) to a never wheezed group was undertaken to validate the study findings.  

Recurrent wheeze (wheeze in both the first and second years of life) was initially proposed as the 

primary outcome for this analysis. This was to avoid the inclusion of infants with wheeze 

secondary to a single respiratory tract infection. A variable was created to distinguish between 

infants who had not wheezed at any time during the first two years of life (never wheezed), those 

who had only wheezed in the first year of life, those who had only wheezed in the second year of 

life and those with recurrent wheeze. To allow Poisson regression analysis, a dichotomous 

variable for those who had never wheezed and those with recurrent wheeze was also created.   

The prevalence of recurrent wheeze was, however, <1% in three centres (Vilnius, Lodz and 

Athens), making it difficult to evaluate risk factors for wheeze in these centres. Therefore, wheeze 

in the second year of life was used as the primary outcome. The 24-month questionnaire (from 

which most two-year data was derived) specifically referred to wheeze without colds.  Therefore, 

this approach also focused on children with multi-trigger wheeze (who are more likely to develop 

asthma)18 rather than infants with wheeze secondary to a single respiratory tract infection.   
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2.4.4 Describing the Cohort  

The baseline characteristics and exposures of participants were described for the whole cohort, 

separately for each centre and separately for those with and without wheeze in the second year 

of life.  Percentages for each variable were calculated using the number of infants for whom data 

were available.  Differences between centres and wheeze groups were tested using the Chi-

squared test (for dichotomous/categorical variables), the one-way ANOVA or T-Test (for 

continuous, normally distributed variables) and the Kruskal-Wallis or Mann-Whitney U test (for 

continuous, non-normally distributed variables).  The baseline characteristics of those with follow 

up data at 2 years were compared to the baseline characteristics of the whole cohort to identify 

potential follow-up bias.  

2.4.5 Poisson Regression  

Poisson regression was used to identify risk factors for wheeze in the second year of life. This 

form of regression was chosen because it allows relative risk ratios (rather than odds ratios, which 

may overestimate risk when an outcome is common) to be determined.141  

Negative binomial regression was trialled as an alternative to Poisson regression. However, when 

using negative binominal regression, the dispersion parameter was 0 suggesting that a Poisson 

model was equally suitable.  

2.4.6 Multivariable Analysis  

Initially all exposure variables were entered into a multivariable model. Due to missing data, this 

meant that only 3503 participants were included. Therefore, a model including only variables with 

a p-value less than 0.1 in univariate analysis and any potentially key risk factors for wheeze (food 

allergy, feeding during infancy and cigarette smoke exposure) was generated instead (primary 

model). To account for heterogeneity between centres (in terms of both baseline factors and 

potential risk factors for wheeze) a dummy variable for study centre variable was added to this 

model. The effect of this variable was dependent on the order in which the centres were labelled 

i.e. in random order or according to the prevalence of wheeze. It was decided to use Reykjavik 

(the centre with the highest prevalence of wheeze) as the reference centre (taking a value of 1) 

and label the other countries from 2 to 9 in descending order of wheeze prevalence.  
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Three alternative multivariable models were generated in a sensitivity analysis. Sensitivity model 

one was generated by applying backward deletion to the primary model i.e. variables were 

sequentially removed from the primary model (starting with the variable with the weakest 

association with wheeze in the second year of life) until only those with a p-value less than 0.05 

remained in the model. Backward deletion can be performed in STATA using the ‘stepwise’ 

command.  However, this restricts the model to cases included in the full model. Therefore, 

backward deletion was performed manually.  Sensitivity model two included all variables with a p-

value less than 0.1 in univariate analysis and any potentially key risk factors for wheeze.  

Sensitivity model three was generated by applying backward deletion (as described above) to 

sensitivity model two.  Neither sensitivity model two nor sensitivity model three included the 

‘study centre’ variable.  Finally, significant associations from the primary model were entered into 

a separate multivariable model to examine their importance in individual centres. 
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Chapter 3: UBIOPRED Methods  

3.1 Study Design 

The UBIOPRED project was a private-public partnership, within the framework of the Innovative 

Medicines Initiative (IMI), which was set up in 2009 to address knowledge gaps in severe asthma.  

As part of the UBIOPRED project, a multi-centre, prospective observational cohort study following 

the life course of asthma was undertaken.  This aimed to use clinical features, physiological 

measurements, traditional biomarkers and omics technologies (transcriptomic, proteomic, 

lipidomic and metabolomic) to identify phenotypes of severe asthma in both adults and 

children.142,143   The methods used and baseline characteristics of the participants have previously 

been described in the following papers: 

Shaw D, Sousa AR, Fowler S, Fleming L, Roberts G, Corfield J et al. Clinical and inflammatory 

characteristics of the European UBIOPRED adult severe asthma cohort. Eur Respir J 2015; 46: 

1308-1321.143  

Fleming L, Murray C, Bansal AT, Hashimoto S, Bisgaard H, Bush A et al. The burden of severe 

asthma in childhood and adolescence: results from the paediatric UBIOPRED cohorts. Eur Respir J 

2015; 46: 1322-33.142 (I was one of 24 authors for this paper)  

Children with asthma or preschool wheeze were recruited from seven centres in five European 

counties.  These included: 

• The University of Southampton, Southampton, United Kingdom  

• Imperial College London, London, United Kingdom 

• The University of Manchester, Manchester, United Kingdom 

• The Academic Medical Centre, University of Amsterdam, Amsterdam, The Netherlands  

• The Centre for Allergy Research, Karolinska Institutet, Stockholm, Sweden 

• University Hospital Inselspital, Bern, Switzerland 

• Copenhagen University Hospital, Copenhagen, Denmark  

Adults were also recruited from the first six of these plus ten other centres including: 

• University of Catania, Catania, Italy 

• Department of Medicine Jagiellonian University Medical College, Krakow, Poland 

• Semmelveis University Department of Pulmonology, Budapest, Hungary 

• Universite de la Mediterranee, Marseille, France 
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• Nottingham University Hospitals, Centre for Respiratory Research, Nottingham, United 

Kingdom 

• Haukeland University Hospital, Bergen, Norway 

• Fraunhofer Institute of Toxicology and Experimental Medicine, Hannover, Germany 

• Department of Respiratory Medicine and Allergy, University Hospital, Umea, Sweden 

• Hvidore Hospital, Hvidore, Denmark 

• Department of Pharmacology, Faculty of Medicine Universita Cattolica del Sarco Curore, 

Rome, Italy 

As outlined in Figure 3, all partcipants underwent a screening assessment (to assess eligibility for 

the study) followed by a baseline assessment within 28 days.  Children with severe asthma or 

wheeze were reviewed at 12-18 months after enrolment in the study (longitudinal visit 2). 6-12 

months after longituidinal visit 2, participants or their parents were also contacted by telephone 

to obtain information on asthma control.  

The majority of adults with severe asthma were also reviewed once at 12-18 months after 

enrolment (longitudinal visit 2) and were contacted 3-6 months later by telephone or post to 

obtain information on asthma control.  A small number of adults with severe asthma (who 

followed an earlier version on the study protocol) underwent two longitudinal visits.  Longitudinal 

visit 1 occurred 3-6 months after enrolment and longitudinal visit 2 occurred 12-18 months after 

enrolment.   

Children and adults were also invited to attend their local study centre if they experienced an 

exacerbation.  

The study was approved by each centre’s local ethics committee (Appendix B.1 and Appenidx B.2) 

and written, informed consent was obtained from all participants or their parents. Where 

appropriate, children also gave assent.142,143  
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Figure 3 Visit Schedule for UBIOPRED Participants 
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3.2  Study Participants  

3.2.1 Paediatric Particpants  

Four paediatric cohorts were established by approaching the parents of children with preschool 

wheeze and asthma attending routine clinic appointments: 

• Cohort A- School aged children (aged 6 to 17 years) with severe asthma (SA).  

• Cohort B- School aged children (aged 6 to 17 years) with mild to moderate asthma 

(MMA).  

• Cohort C- Preschool children (aged 1 to 5 years) with severe wheeze (SW). 

• Cohort D- Preschool children (aged 1 to 5 years) with mild to moderate wheeze (MMW). 

A full description of the cohorts is outlined in Table 3.  
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Table 3 Inclusion Criteria for the UBIOPRED Paediatric Cohorts 

Cohort Therapy Disease Control Diagnostic Criteria  Other 
Cohort A: 
- School age 
- Severe asthma 

- High dose ICS (≥500mcg FP 
or ≥ 800mcg BUD daily or 
equivalent) 

PLUS 
- A trial of at least two other 

controller medications e.g. 
leukotriene receptor 
antagonist or long-acting 
beta-agonist  

OR 
- Daily/alternate daily OCS 

OR 
- Treatment with 

omalizumab 

- Persistent symptoms (at least 50% of days) and 
need for reliever treatment ≥ 3 times per week 

AND/OR 
- Frequent, severe exacerbations (≥2 in the past 

year or ≥3 in the past 2 years requiring hospital 
attendance or high dose OCS or ≥1 in the past 
year requiring PICU admission) 

AND/OR 
- Z-score FEV1 < -1.96 (post bronchodilator or 

post steroid trial)  
AND/OR 

 

- Airway hyperresponsiveness 
(PC20 <8mg/ml) 

OR 
- Bronchodilator reversibility 

(improvement in FEV1 >12% 
or 200ml after inhalation of ≥ 
400mcg salbutamol) 

OR 
- Spontaneous variability in 

FEV1 ≥ 12% or 200ml over 
the past year 

OR 
- Diurnal variability in PEF≥ 

15% in a properly conducted 
trial and with a compatible 
clinical picture 
 

- Under the care 
of a respiratory 
paediatrician 
for ≥ 6 months  
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Cohort Therapy Disease Control Diagnostic Criteria  Other 
Cohort B: 
- School age 
- Mild to moderate 

asthma 

- Low to moderate dose ICS 
(≤250mcg FP or ≤ 400mcg 
BUD daily or equivalent) 

PLUS 
- No more than one other 

controller medication  

- Controlled asthma characterised by all of the 
following in the last 4 weeks: 

o Daytime symptoms ≤ 2 times per week 
o No limitation of activities 
o No nocturnal symptoms 
o Use of reliever medication ≤ 2 times per 

week 
o FEV1 ≥ 80% predicted  

OR 
 

- Partically controlled asthma characteried by one 
or two of the following in the last 4 weeks: 

o Daytime symptoms ≥ 2 times per week 
o Any limitation of activities 
o Any nocturnal symptoms 
o Use of reliever medication ≥ 2 times per 

week 
o FEV1 < 80% predicted  

As for cohort A.   

Cohort C: 
- Preschool age 
- Severe wheeze  

- High dose ICS (≥200mcg FP 
or ≥ 400mcg BUD daily or 
equivalent) and a 
leukotriene receptor 
antagonist  

OR 
- A failed trial of the above 

OR 
- Daily or alternate daily OCS 

 

- Persistent symptoms (at least 50% of days) and 
need for reliever treatment ≥ 3 times per week 

AND/OR 
- Frequent, severe exacerbations (≥2 in the past 

year or ≥3 in the past 2 years requiring hospital 
attendance or high dose OCS or ≥1 in the past 
year requiring PICU admission) 

- A history of breathlessness 
or wheeze. 

- Under the care 
of a respiratory 
paediatrician 
for ≥ 6 months 
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Cohort Therapy Disease Control Diagnostic Criteria  Other 

Cohort D: 
- Preschool age 
- Mild to moderate 

wheeze 

- No treatment or low dose 
ICS (≤100mcg FP or ≤ 
200mcg BUD daily or 
equivalent) 

AND/OR 
- A leukotrience receptor 

antagonist  

- Controlled disease characterised by all of the 
following in the last 4 weeks: 

o Daytime symptoms ≤ 2 times per week 
o No limitation of activities 
o No nocturnal symptoms 
o Use of reliever medication ≤ 2 times per 

week 
OR 

 
- Partially controlled disease characteried by one 

or two of the following in the last 4 weeks: 
o Daytime symptoms ≥ 2 times per week 
o Any limitation of activities 
o Any nocturnal symptoms 
o Use of reliever medication ≥ 2 times per 

week 

- A  history of breathlessness 
or wheeze.  
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3.2.1.1 General Inclusion/Exclusion critera: 

The following inclusion criteria applied to all cohorts: 

1. Written informed consent from a person with parental responsbility prior to enrolment 

plus assent of the child where appropriate.  

2. Aged 1-17 years at screening.  

3. Parents/guardian and where appropriate, participant able to read and understand the 

study materials. 

Exclusion criteria were as follows: 

1. Deemed unfit for study participation following a screening assessment by a trained 

physician. 

2. A history of  drug or other allergy , which in the opinion of the responsible physician 

contraindicates participation. 

3. Pregancy , lactation, up to 6 weeks post partum or up to 6 weeks post cessation of 

breastfeeding.  

4. Risk of non-compliance with study procedures. 

5. Prematurity (gestation ≤37 weeks). 

6. Recent (within 3 months) participation in a study investigating new drugs or involving 

invasive procedures.  

3.2.2 Adult Participants  

Patients with severe and mild to moderate asthma were identified from existing patient cohorts 

at each study centre and were approached at the time of routine clinic visits.  Healthy controls 

were recruited using advertisments in the local press. Once again, four cohorts were established: 

• Cohort A- Non-smoking adults with severe asthma (SAn) 

• Cohort B- Smokers and ex-smokers with severe asthma (SAs/ex) 

• Cohort C- Non-smoking adults with mild to moderate asthma (MMAn) 

• Cohort D- Non-smoking, healthy controls (HC) 

These are described in Table 4.  For cohorts A, B and C asthma was defined as a history of wheeze 

occurring spontaneously or on exertion and airway hyperresponsiveness (PC20 <8mg/ml), 

bronchodilator reversibility (improvement in FEV1 >12% or 200ml after inhalation of ≥ 400mcg 

salbutamol), diurnal variability in PEF amplitude > 8% of mean or a decrease in FEV1 >12% 

predicted or 200ml within 4 weeks after tapering maintenance treatment.   
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Table 4 Inclusion Criteria for the UBIOPRED Adult Cohorts  

Cohort Therapy Disease Control Smoking Other 
Cohort A: 
- Non-smokers 
- Severe asthma 

- High dose ICS (≥1000 mcg 
FP daily or equivalent) ± 
OCS 

PLUS 
- One other controller 

medication  

- Uncontrolled symptoms according to the GINA 
guidelines i.e. three or more of the following in any 
of preceding 4 weeks: 

• Daytime symptoms ≥ 2 times per week. 
• Any limitation of activities. 
• Nocturnal symptoms ≥ once a week. 
• Need for reliever treatment ≥ 2 times per 

week. 
• Pre-bronchodilator FEV1 < 80% predicted or 

personal best.  
 

- Non-smoker for at least 
12 months with a 
smoking history of ≤ 5 
pack years. * 

- Under the care  of a 
respiratory 
specialist for ≥ 6 
months.  

Cohort B: 
- Smokers or ex-

smokers  
- Severe asthma 

- As for cohort A.  - As for cohort A. - Current smoker 
OR 

- Ex-smoker with a 
smoking history of ≥ 5 
pack years.* 
 

- As for cohort A.  
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Cohort Therapy Disease Control Smoking Other 
Cohort C: 
- Non-smokers 
- Mild to moderate 

asthma  

- Low dose ICS (< 500mcg FP 
daily or equivalent) 

- Controlled disease characterised by all of the 
following in the last 4 weeks: 

o Daytime symptoms ≤ 2 times per week 
o No limitation of activities 
o No nocturnal symptoms 
o Use of reliever medication ≤ 2 times per 

week 
o Pre-bronchodilator FEV1 ≥ 80% predicted 

OR 
 

- Partially controlled disease characterised by one or 
two of the following in the last 4 weeks: 

o Daytime symptoms ≥ 2 times per week 
o Any limitation of activities 
o Any nocturnal symptoms 
o Use of reliever medication ≥2 times per 

week 
o Pre- bronchodilator FEV1 < 80% predicted 

 

- Non-smoker for at least 
12 months with a 
smoking history of ≤ 5 
pack years.* 

 

 

Cohort D: 
- Healthy controls 
- Non-smokers  

- None - No history of asthma or wheeze. 
- Pre-bronchodilator FEV1 ≥ 80%. 

- Non-smoker for at least 
12 months with a pack 
year history of ≤ 5 
years. * 

- No other chronic 
respiratory disease.  

*Pack years= Number of cigarettes smoked per day/20 x number of years smoked. 
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3.2.2.1 General Inclusion/Exclusion Criteria: 

Participants were eligible for inclusion in the study if they met the following criteria: 

1. Able to give informed, written consent to participate in the study. 

2. Aged 18 years or older at the screening visit. 

3. Able to complete the study and all measurements. 

4. Able to read and understand all study related materials.  

5. If enrolled in other studies, participants were only allowed to enrol or continue to 

participate if permission from the Scientific Board was obtained.  

Exclusion criteria were as follows: 

1. Deemed unfit for study participation by a trained physician either because of the risk to 

the subject or the influence the subject may have on the study results.  

2. History of recreational drug use or allergy, which in the opinion of a trained physician 

contraindicates participation.  

3. Pregnancy, lactation, up to 6 weeks post-partum or up to 6 weeks post cessation of 

breastfeeding.  

4. Recent participation (within 3 months) in a study investigating a new molecular 

entity/drug or in a study involving invasive procedures.  

5. Risk of non-compliance with study procedures. 

6. Recent history of incapacitating psychiatric illness.  

3.3 Study Visits  

At the screening visit, the inclusion and exclusion criteria were used to assess eligibility for the 

study. Data on demographics, current and past medical history (including a detailed asthma 

history), medications, asthma control and family history were collected. All participants enrolled 

in the study subsequently underwent a baseline visit at which a series of assessments were 

undertaken. In children and adults, these included spirometry, bronchodilator reversibility testing, 

exhaled nitric oxide (eNO) measurement, plethysmography, forced oscillation technique (FOT), 

induction of sputum (where possible), skin prick testing, collection of blood samples for specific 

IgE, genetics and biomarkers and collection of urine samples for biomarkers and cotinine levels.  

In addition, adults were invited to attend for a bronchoscopy and a high-resolution computed 

tomography (CT) scan.  In all participants, validated questionnaires were used to assess asthma 

control and quality of life.   
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In order to capture exacerbations, participants with severe disease (paediatric cohorts A and C 

and adult cohorts A and B) were asked to contact their local study centre in the following 

situations: 

• If they experienced an increase in symptoms (wheeze or breathlessness), an increase in 

short-acting bronchodilator use or a fall in morning peak expiratory flow (PEF) of >20% of 

baseline (personal best) for 2 or more days.  

• If they had been assessed by a non-study physician, resulting in a temporary change in 

treatment particularly initiation of systemic corticosteroids or an increase in maintenance 

dose of systemic corticosteroids.  

• If they had attended the emergency department or been hospitalised due to asthma.  

Participants experiencing an exacerbation were subsequently invited to attend their local study 

centre for a physical examination, spirometry and bronchodilator reversibility testing. Asthma 

control and quality of life were also assessed using age appropriate questionnaires. All 

exacerbations were managed according to routine clinical practice.  

At each longitudinal visit, participants or their parents were asked how many exacerbations they 

had experienced since their last visit or how many exacerbations they had experienced in the last 

12 months (in the case of adults who only underwent one longitudinal visit). Details of asthma 

exacerbations (not previously captured) and current asthma medications were collected.  

Specifically, the treatment location and duration of each exacerbation was recorded, along with 

the treatment received.  At longitudinal visit 2, some of the assessments undertaken at baseline 

were also repeated including spirometry, bronchodilator reversibility testing and eNO 

measurement  

3.4 Clinical Assessments  

To ensure consistency between study centres, all assessments were performed according to 

agreed standard operating procedures (SOPs), training in which was provided before the study 

commenced. Data was collected through an electronic case report form (eCRF).  Only the clinical 

assessments relevant to this analysis are described below.  

3.4.1 Study Questionnaires 

3.4.1.1 Demographic Details 

Demographic data collected included age, gender, ethnicity, education, occupation (adults only) 

and residential location.  
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3.4.1.2 Asthma/Respiratory History  

Details of participants’ asthma history were obtained including the age of onset, ICU admissions, 

medication use in the past 12 months, the number of exacerbations experienced in the past year 

and for each exacerbation, the treatment location and treatment received.  Symptom triggers 

such as respiratory tract infections, animals, exercise and pollutants were also explored.  

3.4.1.3 Other Medical Problems  

Participants or their parents were asked if they had ever been diagnosed with a range of medical 

conditions including hay fever, eczema, allergic rhinitis, cardiac disease, diabetes, vocal cord 

dysfunction, gastro-oesophagel reflux disease (GORD) and nasal polyps. If participants or their 

parents reported any of these conditions, the age of onset (<2 years, 2 to ≤ 17 years, 18 or more 

years) and whether the condition was currenly active was recorded.   

3.4.1.4 Food Allergies 

Participants or their parents were asked if they had ever experienced symptoms suggestive of IgE-

mediated food allergy i.e. urticaria, angioedema, pruritis, throat tightness, stridor, chest tightness 

or wheeze within two hours of contact with food.  If so, they were asked which food/foods 

triggered the symptoms, if they had been diagnosed with an allergy to this food and at what age 

the symptoms occurred. This information along with the results of skin prick testing and/or 

specific IgE was used to determine the presence of food allergies.  

3.4.1.5 Smoke Exposure 

Details of participants’ smoking habits and second-hand smoke exposure were obtained.  

3.4.2 Physical Examination 

At the baseline and longitudinal visits, a physical examination including measurement of height, 

weight, heart rate (HR), respiratory rate (RR) and blood pressure (BP), and auscultation of the 

chest was undertaken. Height and weight measurements were used to determine participants’ 

body mass index (BMI).  Paediatric height, weight and BMI values were converted to z-scores for 

statistical analysis.  
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3.4.3 Asthma Control 

This was assessed using the Asthma Control Questionnaire (ACQ), Asthma Control Test (ACT) or 

Children’s Asthma Control Test (C-ACT) depending on participants’ age.  

The ACQ was the first validated measure of asthma control to be developed.121 It includes five 

questions about asthma symptoms over the past week, one question about broncodilator use 

over the past week and FEV1.  The items are equally weighted (each with a score of 0 to 6). The 

ACQ score is reported as the mean of either the five symptom items (ACQ5 score) or all seven 

items (ACQ7 score). A mean score of 0 indicates well controlled asthma and a mean score of 6 

indicates extremely poorly controlled asthma.  The ACQ is only validated for use in adult patients.  

The ACT is a validated measure of asthma control in children aged 12-18 years. It comprises five 

questions which assess asthma symptoms over a four-week period and produce a score ranging 

from 0 to 25. Higher scores indicates better disease control.144  The C-ACT is a similar tool 

validated for use in younger children (aged 4-11 years). This comprises seven questions (three of 

which are completed by the child’s parents and four which are completed by the parent and child 

together). C-ACT scores range from 0 to 27. Once again, higher scores indicate better disease 

control.145 To allow joint analysis of ACT and C-ACT scores in the school-aged cohorts, data were 

transformed to create a combined score. Asthma control z-scores were then generated.  

3.4.4 Quality of Life 

The Paediatric Asthma Quality of life Questionnaire (PAQLQ) was used in school-age children 

(paediatric cohorts A and B) and the Paediatric Asthma Caregivers Quality of Life Questionnaire 

(PACQLQ) was used in preschool children (paediatric cohorts C and D).  

The PAQLQ includes 23 questions in 3 domains (symptoms, activity limitation and emotional 

function). Children are asked to think about how they have felt during the previous week and to 

respond to each question using a 7-point scale (where 7 is not bothered at all and 1 is extremely 

bothered). The overall PAQLQ score is the mean of all 23 responses and the individual domain 

scores are the means of the items in those domains. The lower a child’s PAQLQ score, the lower 

their quality of life.146  

The PACQLQ was developed by the same group as the PAQLQ and was validated using the same 

methodology. It consists of of 13 questions; four concerning activity limitation and nine 

concerning emotional function.  Parents are asked to recall the impact their child’s asthma has 

had on them during the previous week and score each question using a 7-point scale (where 7 

represents no impairment and 1 represents severe impairement). Once again, the overall score is 
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the mean of all responses.147 The PACQLQ is only validated for use in children aged 7-17 years. 

However, there is no equivalent tool for assessing quality of life in younger children.  

In adults, several questionnaires relating to quality of life were administered including the asthma 

quality of life questionnaires (AQLQ),148 the Hospital Anxietry and Depression Scale (HADS) and 

the Sino-Nasal Outcomes Test (SNOT20). In this analysis, only AQLQ scores were considered. The 

AQLQ includes 32 questions in 4 domains (symptoms, activity limitation, emotional function and 

environmental exposures) with 2-week recall. As for the PAQLQ and PACQLQ, patients respond to 

each question on a 7-point scale (where 7 is no impairment and 1 is severe impairment) and the 

overall score is the mean of all responses.  

3.4.5 Medication Adherence 

The Medication Adherence Report Scale (MARS) was used to assess adherence in all cohorts. This 

is a 10-item questionnaire which assesses both intentional and accidental non-adherence.  

Questions are framed as negative statements e.g. ‘I forget to take my medication’ (to minimise 

social desirability bias) and medication use is rated on a 5-point scale with 1 indicating always and 

5 indicating never. Therefore, a higher MARS score indicates greater medication adherence.149 

3.4.6 Spirometry 

This was performed according to ATS/ERS guidelines in all adults and school aged children.150 

Spirometry was also attempted in some preschool children. A portable spirometer calibrated with 

a three litre syringe was used. Short-acting bronchodilators were withheld for 4 hours and long-

acting bronchodilators for 12 hours prior to testing. The best values for forced vital capacity (FVC) 

and forced expiratory volume in 1 second (FEV1) were selected from a minimum of three 

acceptable manoeuvres. A maximum of eight attempts was allowed. Spirometry was repeated 10-

15 minutes after administering 400mcg of salbutamol via a metered dose inhaler and volumatic 

spacer to allow FEV1 bronchodilator reversibility to be determined.  

3.4.7 Skin Prick Testing 

Skin prick testing to a panel of six common allergens (mixed grass pollens, mixed tree pollens, 

dog, cat, aspergillus and a mixture of Dermatophagoides pteryonyssinus and Dermatophagoides 

farinae) was performed in all participants. In some centres, other aeroallergens such as cockroach 

and Parietaria were also tested. Skin prick testing to specific foods was performed if participants 

reported a history suggestive of food allergy. As per standard practice, positive (histamine 

10mg/ml) and negative (normal saline) controls were used. Skin prick test solutions were placed 
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at least 2cm apart on the forearm or back at sites marked with the first letter of the allergen being 

tested. A single-headed lancet was then pushed through each drop at 90 degrees to the skin 

without drawing blood. The negative control was always tested first and the positive control last. 

Surplus fluid was removed from all sites simultaneously by placing a piece of tissue paper over the 

drops. Results were read (using a millimetre ruler or reaction gauge) 15 minutes after completing 

the positive control. A positive skin prick test was defined as a wheal ≥ 3mm in the presence of 

positive (≥3mm) and negative (0mm) controls.  

3.4.8 Measurement of Total and Specific IgE 

Total IgE and specific IgE to six common aeroallergens (as listed above) were measured (Thermo 

Fisher, Uppsala, Sweden). IgE to foods were also measured if participants reported a history 

suggestive of food allergy.  

3.4.9 Immuno Solid-phase Allergen Chip (ISAC) 

Levels of specific IgE to 112 allergen components from 51 sources were measured using the 

ImmunoCAP ISAC chip (Thermo Fisher Scientific, Uppsala, Sweden).73 This is a biochip which 

requires only a few microliters of serum or plasma. Purified allergen components are immobilised 

on the biochip. In a two-step assay, antibodies from the patient bind to the immobilised allergen 

components. After a short washing step, allergen bound antibodies are detected by a 

fluorescence-labelled antibody. Test results are measured with a biochip scanner and are 

reported via Phadia MIA software in ISAC standardised units (ISU).   

3.5 Outcomes  

3.5.1 Allergic Sensitisation and Atopy 

For each allergen tested, participants were considered to be sensitised if they had a specific IgE 

level ≥ 0.35 kU/l or a wheal diameter ≥3mm on skin prick testing.  

Participants were classified as atopic if they were sensitised to one or more of the following 

aeroallergens: tree pollen, grass pollen, cat, dog, house dust mite and mould.  
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3.5.2 Food Allergy 

Possible food allergy:  Participants were defined as having possible food allergy if they had a 

history of urticaria, angioedema, pruritus, throat tightness, stridor, chest tightness or wheeze 

within two hours of contact with a food  plus a positive skin prick test (≥3mm wheal diameter) or 

positive specific IgE (≥ 0.35 kU/l) to that food.  

Highly likely food allergy:  A sensitivity analysis was performed using higher cut-off points. For 

this, food allergy was considered highly likely if participants had a history of urticaria, 

angioedema, pruritus, throat tightness, stridor, chest tightness or wheeze within two hours of 

contact with a food plus a wheal diameter ≥ 5mm to that food on skin prick testing or a specific 

IgE level ≥10.0.  

The food allergy status of participants with a history suggestive of food allergy but no data on 

sensitisation was treated as unknown.   

3.5.3 Exacerbations 

Exacerbations were defined as follows according to the ATS/ERS Taskforce 2009:112  

Moderate exacerbation: A deterioration in symptoms, lung function and/or an increase in 

bronchodilator use for at least 2 days, but not severe enough to require systemic corticosteroids 

or hospitalisation. 

Severe exacerbation: An exacerbation involving at least one of the following: 

• Systemic corticosteroids or an increase from a stable maintenance dose for at least 3 

days. 

• Hospitalisation or emergency department visit requiring systemic corticosteroids (any 

duration).  

Life threatening exacerbation:  An intensive care unit (ICU) admission due to asthma.   

For paediatric participants and adults who underwent two longitudinal visits, the exacerbation 

rate (the number of exacerbations per year) was calculated from the number of exacerbations 

between the baseline visit and longitudinal visit 2 divided by duration of follow up (months) 

multiplied by 12. This was calculated separately for moderate, severe (hospitalised and non-

hospitalised) and life-threatening exacerbations to allow for sub-group analyses.  

Adult participants who underwent one longitudinal visit were asked how many exacerbations they 

had experienced in the previous year.   
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3.5.4 Clinical Clusters  

Cluster analyses were undertaken separately for paediatric and adult participants.  The adult 

cluster analysis was undertaken by Lefaudeux et al. and is now published.151  The paediatric 

cluster analysis was undertaken by Hashimoto S, Brinkman P et al. using the exacerbation 

statistics generated for this thesis; the manuscript is in preparation.     

3.5.4.1 Adult Participants  

For the adult participants, cluster analysis focused on 8 clinical variables accessible to the general 

practitioner including age of onset of asthma symptoms, pack years of cigarette smoking, body 

mass index (BMI), FEV1 percent predicted, FEV1/FVC ratio, ACQ5 score, number of exacerbations 

in the previous year and the daily dose of oral prednisolone or equivalent. 418 (out of 509) 

participants with a complete set of data for these 8 variables were split randomly into a training 

set (266 participants) and a validation set (152 participants). Partition around medoids (PAM) 

clustering was applied to both the training and validation sets. For the training set, this identified 

four stable clusters of asthmatic patients: 

- T1: Patients with well-controlled moderate-severe asthma with normal FEV1, low sputum 

eosinophilia, almost no oral corticosteroid (OCS) use and a high proportion of atopic 

participants.  

- T2: Overweight to obese patients with late-onset severe asthma who smoked, had severe 

airflow obstruction and high levels of blood/sputum eosinophils.  

- T3: Patients in this cluster were similar to those in cluster T2 but had no smoking history.  

- T4: Obese female patients with severe uncontrolled asthma but normal lung function.    

For the validation set, five stable clusters (V1, V2, V3, V4a and V4b) were identified. Cluster V1 

was similar to cluster T1, cluster V2 was similar to cluster T2, cluster V3 was similar to cluster T3 

and clusters V4a and V4b combined were similar to cluster T4.  Full details of the characteristics of 

the training and validation set clusters can be found in the paper published by Lefaudeux et al.151 

For the purposes of this analysis, the training and validation clusters have been combined to give 

four clusters: 

- T1+V1= Cluster 1 

- T2+V2= Cluster 2 

- T3+V3= Cluster 3 

- T4+T4= Cluster 4 
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3.5.4.2 Paediatric Participants  

For paediatric participants, all variables that were available in at least 95% of participants were 

taken into account.  A clustering strategy based on a combination of factor analysis of mixed data 

(FAMD) and partition around medoids (PAM) clustering was used.  This generated 6 clusters with 

the following characteristics: 

- Cluster 1: Pubertal female patients with atopy, high BMI, inhaled corticosteroid (ICS) use 

in all, poor lung function, frequent exacerbations and frequent oral corticosteroid (OCS) 

use. 

- Cluster 2: Female preschool patients with less atopy, minimal ICS use, good quality of life 

and few exacerbations. 

- Cluster 3: Pubertal male patients with atopy, low quality of life and high ICS use. 

- Cluster 4: Male preschool patients with less atopy, low quality of life, high ICS use and 

frequent exacerbations.  

- Cluster 5: Pre-pubertal male patients with atopy, good quality of life and high ICS use.  

- Cluster 6: Male preschool patients with atopy, low quality of life, ICS use in all, frequent 

exacerbations and previous ICU admissions but good lung function.  

3.5.5 ISAC Component Atopy Clusters  

Hierarchical clustering was applied by Fontanella S, Howard R, Roberts G et al. to adults, school 

aged children and preschool age children with ISAC chip data. Data were available for 491/509 

(96%) adults with asthma and 239/272 (88%) children with asthma/preschool wheeze.  Four 

allergic sensitisation clusters were identified in school aged children and adults: A multiple 

sensitisation cluster, a house dust mite sensitisation cluster, a grass pollen sensitisation cluster 

and a miscellaneous sensitisation cluster.  Only two clusters were identified in preschool children: 

A multiple sensitisation cluster and a house dust mite sensitisation cluster.  Participants in the 

multiple sensitisation cluster were sensitised multiple components from different sources whilst 

participants in the miscellaneous sensitisation cluster had positive responses to a small number of 

components from a wide range of sources.  
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3.6 Statistical Analysis  

Data from participants’ electronic case report forms were uploaded onto the tranSMART system; 

a platform for sharing research data which is supported by the European Translational 

Information and Knowledge Management Services (eTRIKS) project.143  Data from tranSMART 

were subsequently downloaded and transferred to STATA SE 14 (StataCorp, College Station, USA) 

for analysis.  

3.6.1 Allergic Sensitisation and Allergic Disease  

In the primary analysis, the prevalence of allergic disease and allergic sensitisation across the life 

course was studied in participants with mild to moderate and severe disease.  Specifically, the 

prevalence of the following was compared in preschool children, school aged children and adults 

with mild to moderate and severe disease: 

• Allergic conditions- Eczema, allergic rhinitis and hay fever. 

• Food allergy- possible and highly likely (see section 3.5.2 for definitions). 

• Sensitisation to tree pollen, grass pollen, dog, cat, house dust mite and mould. 

• Atopy 

 The Chi-squared test was used for categorical variables, the one-way ANOVA test for continuous, 

normally distributed variables and the Kruskal-Wallis test for continuous, non-normally 

distributed variables.  For food allergy and allergic sensitisation, pairwise comparisons were 

performed where differences were statistically significant (p ≤ 0.05).  Box plots were used to 

demonstrate differences in the number of allergens to which participants in each cohort were 

sensitised.   

In a secondary analysis, participants were split according to age i.e. preschool children, school 

aged children and adults and comparisons were made between those with mild to moderate and 

severe disease.  

3.6.2 Exacerbations  

For each UBIOPRED cohort, the median exacerbation rate and 25th and 75th quartiles were 

calculated for all exacerbations, moderate exacerbations, severe (hospitalised and non-

hospitalised) exacerbations and life-threatening exacerbations. As exacerbation rates were not 

normally distributed, differences between cohorts were tested using the Kruskal-Wallis test.  If 

relevant, post hoc pairwise testing using the Mann-Whitney U-test was undertaken to determine 
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which cohorts differed from each other. Rates of exacerbations for each clinical cluster and each 

ISAC component atopy cluster were calculated and analysed in the same way.  The proportion of 

participants in each cohort and each cluster who experienced any exacerbations during follow up 

was also calculated. Differences between cohorts and clusters were tested using the Chi-squared 

test.  

The association between specific clinical characteristics (including demographic factors, the 

number of asthma exacerbations in the previous year, symptom triggers, allergic sensitisation, 

lung function and asthma control) and the rate of future severe exacerbations was assessed 

separately for adults, preschool and school aged children using negative binomial regression. 

Variables with a p-value <0.1 were entered into multivariable backward deletion models.  

Variables were sequentially removed from each model (starting with the variable with the 

weakest association with severe asthma exacerbations) until only those with a p-value less than 

0.05 remained in the model. For children, multivariable models were generated separately for 

preschool and school aged children.  Factors which were significant in the two models were 

subsequently entered into a combined model for all paediatric participants. A categorical variable 

to distinguish between preschool and school aged participants was also included. Backward 

deletion was applied until only factors with a p-value less than 0.05 remained in the model.  

Once models containing factors with a p-value less than 0.05 had been generated, clinical cluster 

and ISAC component atopy cluster variables were added to determine whether these improve the 

ability to predict asthma exacerbations.  For each age group, the clinical cluster with the largest 

number of participants was used as the baseline cluster (against which others were compared). 

For adults, this was cluster 4 and for children this was cluster 3.  For the ISAC atopy component 

clusters, participants in each cluster were compared with non-sensitised individuals.  
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Chapter 4: EuroPrevall Results 

4.1 Participants  

The EuroPrevall birth cohort consisted of 12,049 infants.  The baseline characteristics of the 

cohort are outlined in Table 5. 6189 (51.4%) of infants were male. The mean birth weight of all 

participants was 3.4kg (SD 0.51).  Mode of delivery varied considerably between centres with the 

proportion of infants born via Caesarean section ranging from 2.5% in Madrid to 44.2% in Athens.  

Overall, the prevalence of allergic disease was 26.3% in participants’ mothers and 21.0% in 

participants’ fathers. It was lowest in Lodz (Poland) and Vilnius (Lithuania) and highest in 

Southampton (UK) and Reykjavik (Iceland). With the exception of the UK, the majority of families 

lived in an urban environment (84%). Once again there was considerable variation between 

centres. Most mothers (76%) had completed junior college/vocational education or higher. 

Fewest mothers had done so in Lodz (Poland), Vilnius (Lithuania) and Athens (Greece).  

After excluding participants followed up outside the specified age ranges for one and two-year 

data, follow up data were available in 8174 infants (67.8%) at one year and in 8805 infants 

(73.1%) at two years.  Follow up varied between centres with availability of one-year data ranging 

from 2% (Milan) to 90% (Berlin) and availability of two-year data ranging from 60.8% (Milan) to 

83.5% (Lodz) (Table 6).  12-month questionnaires were completed in more infants from Milan 

than this analysis suggests. However, the dates on which most of these infants’ 12-month 

questionnaires were completed were not available. Therefore, it was not possible to determine 

their ages at the time of data collection.  

The baseline characteristics of those with two-year data were very similar to those without two-

year follow  up data (Table 7).  However, a higher proportion of parents of children with two-year 

follow up data had a University/College education (45.9% compared to 31.4% of parents of 

children without two-year follow up data).
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Table 5 Baseline Characteristics of the EuroPrevall Cohort by Centre 

 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton  
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

BASIC DEMOGRAPHICS AND BIRTH DETAILS 
Male gender % * 51.4   51.2 51.2 52.7 51.7 51.7 51.2 50.7 50.1 52.6 
Gestation, weeks 
median (range) # 

39 (34-44) 
 

40 (34-44) 
 

40 (34-43) 
 

40 (34-43) 
 

39 (34-43) 
 

39 (34-42) 
 

39 (34-42) 
 

39 (34-43) 
 

39 (34-43) 
 

40 (34-44) 
 

Birth weight, kg 
mean (SD) $ 

3.40 (0.51) 
 

3.76 (0.51) 
 

3.46 (0.52) 
 

3.48 (0.51) 
 

3.41 (0.49) 
 

3.28 (0.50) 
 

3.52 (0.44) 
 

3.25 (0.43) 
 

3.27 (0.51) 
 

3.20 (0.46) 
 

Birth length, cm 
mean (SD) $ 

51.5 (3.02) 
 

51.7 (2.21) 
 

52.8 (3.09) 
 

50.9 (2.34) 
 

51.3 (2.54) 
 

54.2 (3.14) 
 

52.7 (2.23) 
 

49.3 (2.08) 
 

49.3 (2.41) 
 

50.5 (2.70) 
 

Apgar score at 5 
mins median 
(range) # 

10 (7-10) 
 

9 (7-10) 
 

10 (7-10) 
 

10 (7-10) 
 

10 (7-10) 
 

9 (7-10) 
 

10 (8-10) 
 

10 (7-10) 
 

9 (7-10) 
 

10 (7-10) 
 

Single birth % * 97.9 98.7 97.7 98.4 96.4 96.1 99.2 99.6 98.2 96.7 
Caesarean 
section % * 

24.0 12.8 30.8 11.0 31.1 37.5 15.6 2.5 30.8 44.2 

Caucasian 
mother % * 

93.3 99.2 95.9 72.2 93.4 99.9 99.9 84.5 89.9 99.2 

Caucasian 
father % * 

92.7 98.4 97.0 69.7 90.0 99.3 99.5 84.8 90.4 99.4 

Maternal age, 
years mean (SD) $ 

30.7 (5.21) 
 

30.1 (4.81) 
 

31.8 (5.18) 
 

29.9 (4.82) 
 

31.4 (5.41) 
 

28.8 (4.43) 
 

28.2 (5.20) 
 

31.4 (5.10) 
 

33.6 (4.66) 
 

30.9 (4.86) 
 

Paternal age, 
years mean (SD) $ 

33.3 (6.10) 
 

32.2 (5.50) 
 

34.1 (5.67) 
 

33.0 (6.07) 
 

34.6 (6.61) 
 

31.1 (5.40) 
 

30.9 (6.25) 
 

33.7 (5.65) 
 

36.1 (5.75) 
 

34.8 (5.47) 
 

FAMILIAL ALLERGIC  DISEASE  
Maternal self-reported, doctor-diagnosed allergic disease % 
-Any * 26.3 44.5 51.4 36.5 35.3 9.7 5.9 24.8 23.7 14.0 
-Asthma *   9.4 17.2 22.8 13.3 10.8 3.2 1.5 6.2 8.7 5.2 
-Allergic rhinitis * 15.3 15.9 26.3 24.1 24.6 7.2 3.5 16.2 14.9 9.5 
-Eczema * 11.7 28.0 28.1 14.5 13.4 1.7 2.6 10.1 9.6 2.0 
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 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton  
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

Paternal self-reported, doctor-diagnosed allergic disease % 
-Any * 21.0 32.1 41.0 30.8 29.3 8,7 2.8 19.4 21.4 11.7 
-Asthma * 7.2 9.9 19.4 9.8 8.7 2.1 0.8 5.2 8.7 3.7 
-Allergic rhinitis * 14.1 15.4 22.8 20.2 23.6 7.2 2.1 15.1 15.7 8.8 
-Eczema * 6.2 16.1 15.7 9.3 7.1 1.1 0.3 2.5 5.4 0.5 

LIVING ENVIRONMENT  
Rural housing % * 16.1 7.2 76.1 0.6 2.2 22.4 13.6 12.3 8.6 7.9 
Mould in 
house % * 

9.9 7.6 10.7 17.5 11.4 2.0 10.2 4.6 9.3 21.5 

Pets % 
-Any * 35.5 28.0 50.2 54.5 33.1 46.3 43.8 23.5 24.4 19.5 
-Cat * 15.1 11.3 28.8 26.8 15.0 15.1 22.0 5.4 10.5 3.7 
-Dog * 16.0 9.3 18.1 14.1 9.0 34.8 21.7 13.5 10.8 10.2 

MATERNAL EDUCATION  
Basic not 
completed % * 

5.9 0.8 0.9 1.1 11.2 6.2 6.9 12.3 0.5 11.1 

Basic 
completed % * 

18.2 15.1 10.8 11.8 10.8 27.2 19.1 24.9 12.8 31.0 

Junior College/ 
vocational % * 

34.0 30.7 30.2 45.6 37.7 15.7 21.6 62.8 40.3 23.3 

College/ 
university % * 

42.0 53.5 58.1 41.4 40.2 50.9 52.5 0.0 46.4 34.6 

 
Study centre (n) = total number of infants recruited.   
Any allergic disease was defined as asthma, allergic rhinitis or eczema.  
Rural housing was defined as living in a village or the countryside and urban living was defined as living in a town or city.   
Basic education was defined as completing 10 years in school.  
*p <0.05 using Chi-squared to test differences between centres.  
# p<0.05 using Kruskal-Wallis to test differences between centres.  
$ p<0.05 using one-way ANOVA to test differences between centres.  
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Figure 4 EuroPrevall Participants included in this Analysis 

 

  



Chapter 4 

71 

Table 6 Number of Participants Followed Up in each Centre 

 All 
centres 

Reykjavik Southampton Amsterdam Berlin Lodz Vilnius Madrid Milan Athens 

Total number recruited  12049 1341 1140 976 1570 1513 1556 1387 1486 1080 

Number with one-year 
follow up data n (%) 

8174 
(67.8) 

1017 
(75.8) 

621 
(54.5) 

845 
(86.6) 

1406 
(90.0) 

1210 
(80.0) 

1168 
(75.1) 

1015 
(73.2) 

30  
(2.0) 

862 
(79.8) 

Number with two-year 
follow up data n (%) 

8805 
(73.1) 

1078 
(80.4) 

766 
(67.2) 

624 
(63.9) 

1296 
(82.6) 

1263 
(83.5) 

1166 
(75.0) 

911 
(65.7) 

904 
(60.8) 

797 
(73.8) 

Number with one-year 
data, two-year data or 
both n (%) 

9963 
(82.7) 

1245 
(92.8) 

882 
(77.4) 

887 
(90.9) 

1447 
(92.2) 

1339 
(88.5) 

1299 
(83.5) 

1387 
(76.6) 

912 
(61.4) 

890 
(82.4) 

Number with one-year 
and two-year data n (%) 

7016 
(58.2) 

850 
(63.4) 

505 
(44.3) 

582 
(59.6) 

1255 
(80.0) 

1134 
(75.0) 

1035 
(66.5) 

864 
(62.3) 

22 
(1.5) 

 

769 
(71.2) 

 
One-year data= data collected between 6 and 18 months. 
Two-year data= data collected between 18 and 30 months. 
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Table 7 Comparison of the Key Baseline Characteristics of Participants with and without Two-

Year Follow Up Data 

 Participants with two-year 
follow up data  (n=8805)  

Participants without two-year follow 
up data (n=3244) 

BASIC DEMOGRAPHICS AND BIRTH DETAILS 
Male gender % 51.4 51.2 
Gestation, weeks median, range 39 (34-44) 39 (34-44) 
Birth weight, kg mean (SD) 3.42 (0.51) 3.37 (0.51) 
Caesarean section %  24.6 22.4 
Caucasian mother %  95.4 87.6 
Caucasian father % 94.8 86.8 
Maternal age, years mean (SD) 31.0 (5.00) 29.8 (5.64) 
Paternal age, years mean (SD) 33.5 (5.89) 32.8 (6.59) 

FAMILIAL ALLERGIC DISEASE 

Maternal self-reported, doctor diagnosed allergic disease % 

-Any  26.3 26.4 

-Asthma  9.2 9.8 

-Allergic rhinitis  15.2 15.6 

-Eczema  11.9 11.3 

Paternal self-reported, doctor diagnosed allergic disease % 

-Any  21.3 20.1 

-Asthma  7.1 7.5 

-Allergic rhinitis  14.4 13.5 

-Eczema  6.2 6.2 

LIVING ENVIRONMENT 

Rural housing % 16.2 15.8 

Mould in house % 9.8 10.2 

Pets % 

-Any  36.1 34.1 

-Cat 15.5 14.0 

-Dog  16.1 15.8 

MATERNAL EDUCATION  

Basic not completed % 4.4 10.0 

Basic completed % 16.6 22.5 

Junior College/ vocational % 33.2 36.1 
University/ college % 45.9 31.4 

 
Any allergic disease was defined as asthma, allergic rhinitis and/or eczema. 
Rural housing was defined as living in a village or the countryside and urban living was defined as living in a 
town or city.  
Basic education was defined as completing 10 years in school. 
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4.2 Prevalence of Wheeze  

The prevalence of wheeze in the second year of life across all centres was 7.8%, ranging from <3% 

in Lodz (Poland), Vilnius (Lithuania) and Athens (Greece) to 12% in Berlin (Germany), 13% in 

Southampton (UK) and 17% in Reykjavik (Iceland) (Table 8 and Figure 5).  Large differences in the 

prevalence of wheeze in the first year of life and recurrent wheeze (wheeze in the first and 

second years of life) were also seen.   The prevalence of recurrent wheeze was lowest in Lodz 

(1.7%), Vilnius (1.9%) and Athens (2.8%) and highest in Amsterdam (6%), Southampton (8%) and 

Reykjavik (10%).  

4.3 Distribution of Potentially Key Risk Factors for Wheeze  

Amongst children included in this analysis, the prevalence of food allergy ranged from 0.1% in 

Athens (Greece) to 3% in Southampton (UK).  The majority of cases of food allergy were IgE-

mediated (Table 9).   

91% of all infants received some breast milk. The highest rates of breastfeeding were seen in 

Reykjavik (98%) and the lowest in the Amsterdam (81%). Wide variations in the mean duration of 

breastfeeding were seen, ranging from 4.3 months in Athens to 8.5 months in Reykjavik. The age 

at introduction of first solids appeared similar across centres (range 5.0-5.7 months) but 

differences between centres were statistically significant. In most centres, there was no overlap 

between breastfeeding and solids. However, in Milan, Berlin and Reykjavik, there was a median 

overlap of 1, 2 and 3 months respectively (Table 9).   

Rates of maternal smoking (during pregnancy and at one-year follow up) varied considerably 

between centres (Table 9).  Exposure to cigarette smoke during pregnancy was highest in Athens 

(18%) compared to <11% in all other centres. Maternal smoking at one-year follow up was also 

highest in Athens (33%), followed by Madrid (23%). This compares to 16% overall and <10% in 

Vilnius and Southampton. Smoking by other household smokers was 22% overall (range 43% to 

3%).  

Other factors examined included day care attendance, respiratory tract infections and eczema. 

Day care attendance in both the first and second years of life was much lower (<30%) in Lodz, 

Vilnius and Athens than the other centres. The rates of upper respiratory tract infections in the 

first two years of life were lowest in Vilnius (Lithuania), Madrid (Spain) and Athens (Greece). They 

were highest in Reykjavik (Iceland), Amsterdam (Netherlands) and Berlin (Germany), where over 

80% of parents reported that their child had experienced three or more upper respiratory tract 

infections in each of the first two years of life.  For lower respiratory tract infections, the lowest 
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rates were reported in Vilnius (Lithuania), Amsterdam (Netherlands) and Lodz (Poland). Although 

only 0.8% of participants in Athens (Greece) experienced three or more lower respiratory tract 

infections in the first year of life, this figure increased to 23.3% in the second year of life.  In 

Reykjavik (Iceland), the prevalence of frequent respiratory tract infections was >20% in both the 

first and second years of life.  Eczema was most common in Reykjavik (Iceland), Southampton (UK) 

and Amsterdam (Netherlands) affecting over 45% of infants. It was least common in Vilnius 

(Lithuania) and Athens (Greece).
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 Table 8 Prevalence of Wheeze in the First Two Years of Life by Centre 

 All centres  Reykjavik 
(n=1341) 

Southampton  
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

Wheeze in the 
first year of life  
% (95% CI) 

13.5 
(12.7-14.2) 

33.9 
(31.0-36.9) 

31.6 
(27.9-35.2) 

26.1  
(23.2-29.1) 

9.1 
(7.6-10.6) 

11.4 
(9.6-13.2) 

0.5 
(0.1-0.9) 

4.1 
(2.8-5.3) 

** 2.0 
(1.0-2.9) 

Wheeze in the 
second year of 
life  
% (95% CI) 

7.8  
(7.2-8.3) 

17.2 
(15.0-19.5) 

13.1 
(10.7-15.5) 

10.8 
(8.3-13.2) 

11.8 
(10.0-13.5) 

1.7 
(1.0-2.4) 

1.9  
(1.1-2.7) 

3.0  
(1.9-4.1) 

9.5 
(7.6-11.4) 

2.8  
(1.6-3.9) 

Recurrent 
wheeze 
(wheeze in the 
first and second 
years of life)  
% (95% CI) 

3.1  
(2.7-3.5) 

10.0 
(7.9-12.0) 

7.9 
(5.6-10.3) 

6.4 
(4.4-8.4) 

1.8 
(1.1-2.6) 

0.8 
(0.2-1.3) 

0.3 
(0.0-0.6) 

2.0 
(1.0-2.9) 

** 0.4 
(0.0-0.8) 

 
Study centre (n) = total number of infants recruited. 
p<0.05 for all variables using Chi-squared to test differences between centres.   
**For Milan, the prevalences of wheeze in the first year of life and recurrent wheeze are not specified because one-year data was not available for most participants. 



Chapter 4 

76 

 

Figure 5 Map showing Study Centres and the Prevalence of Wheeze in the Second Year of Life in each Centre (adapted from Keil et al. Allergy 2010; 65) 135 (p.484) 
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Table 9 Potential Risk Factors for Wheeze by Centre 

 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton  
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

FOOD ALLERGY  
Any food allergy 
diagnosed in first two 
years of life % * 

1.3 2.1 3.0 2.3 1.0 1.2 0.5 1.5 0.8 0.1 

IgE mediated food 
allergy % * 

1.1 1.9 1.9 1.2 1.0 1.1 0.4 1.5 0.8 0.1 

FEEDING  
Ever breastfed % * 90.8 98.4 89.8 81.3 95.8 90.5 94.9 86.1 91.0 83.1 
Duration of 
breastfeeding, months 
 mean (SD) $ 

6.1 (3.90) 
 

8.5 (3.46) 
 

5.4 (4.14) 
 

4.6 (3.41) 
 

6.4 (3.60) 
 

6.1 (4.44) 
 

5.7 (3.94) 
 

5.3 (2.98) 
 

7.1 (3.76) 
 

4.3 (3.28) 
 

Age at introduction of 
first solids, months 
mean (SD) $ 

5.3 (1.61) 
 

5.3 (1.20) 
 

5.1 (1.36) 
 

5.2 (1.47) 
 

5.5 (1.57) 
 

5.0 (1.27) 
 

5.7 (2.54) 
 

5.1 (1.39) 
 

5.6 (1.48) 
 

5.3 (1.44) 
 

Overlap of 
breastfeeding/solids, 
months median (range) # 

0 (0-25.8) 
 

3.2(0-18.4) 
 

0 (0-23.5) 
 

0 (0-15.4) 
 

1.1(0-13.3) 
 

0 (0-15.3) 
 

0.1 (0-11.4)  
 

0 (0-11.3) 
 

2.1(0-11.6) 
 

0 (0-25.8) 
 

SMOKE EXPOSURE  
Mother ever smoked %* 
 

41.7 38.4 41.8 42.9 52.7 34.0 40.6 39.0 40.0 46.4 

Smoking at any time 
during pregnancy % * 

9.6 7.7 6.7 10.5 10.3 8.8 7.5 10.9 7.8 18.1 

Mother smoking at one 
year follow up % * 

15.9 10.3 6.3 15.2 16.9 14.4 8.0 23.0 ** 33.3 

Other smokers in 
household % * 

22.9 3.0 17.2 20.2 10.1 31.7 42.9 17.8 27.7 33.4 
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 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton  
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

DAY CARE ATTENDANCE  
Day care in first year of 
life % * 

32.2 61.3 50.0 72.7 38.2 6.5 2.0 40.0 ** 3.3 

Day care in second year 
of life % * 

55.3 93.7 58.6 83.4 81.2 18.6 27.2 63.6 62.5 17.6 

Day care at any time in 
first two years of life % * 

63.7 97.0 73.7 90.7 82.9 22.8 30.6 68.0 ** 18.9 

RESPIRATORY TRACT INFECTIONS 
Frequent URTIs (≥ 
quarterly) in first year of 
life % * 

55.5 91.2 77.9 80.3 80.3 54.4 4.0 18.6 ** 46.3 

Frequent URTIs (≥ 
quarterly) in second 
year of life % * 

56.7 91.6 65.1 81.0 90.2 47.8 3.4 22.2 68.8 59.2 

Frequent LRTIs (≥ 
quarterly) in first year of 
life % * 

5.4 20.9 5.5 1.3 4.6 3.4 0.3 6.0 ** 0.8 

Frequent LRTIs (≥ 
quarterly) in second 
year of life % * 

9.0 23.2 5.8 1.1 6.0 1.0 1.1 5.8 28.6 23.3 

ALLERGIC DISEASE  
Eczema in first two 
years of life % * 

34.7 53.0 56.0 46.1 37.4 33.1 4.9 26.7 ** 18.7 

 
Study centre (n) = total number of infants recruited.   URTIs= Upper respiratory tract infections, LRTIs= Lower respiratory tract infections.    
*p <0.05 using Chi-squared to test differences between centres. 
# p<0.05 using Kruskal-Wallis to test differences between centres.  
$ p<0.05 using one-way ANOVA to test differences between centres.  
**For Milan, no one- year outcomes or variables dependent on these are specified because one-year data was not available for most participants.  
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4.4 Risk Factors for Wheeze in the Second Year of Life 

4.4.1 Main Findings  

4.4.1.1 Food Allergy  

21.5% of infants diagnosed with food allergy had wheeze in the second year of life compared to 

7.6% of infants without food allergy. Although food allergy was associated with an increased risk 

of wheeze in the second year of life (raw IRR 2.84, 95% CI 1.92-4.20, p <0.001 (Table 10), this 

association was not consistent across centres (Table 12Table 10) and was not significant after 

adjusting for potential confounders (adjusted IRR 1.26, 95% CI 0.55-2.91, p=0.589) (Table 10).   

4.4.1.2 Feeding Practices  

In univariate analysis any breastfeeding, longer duration of breastfeeding, increased overlap of 

breastfeeding/solids and later introduction of solids were associated with a lower prevalence of 

wheeze in some centres (Table 12).  Any breastfeeding was significant in Reykjavik (raw IRR 0.41, 

95% CI 0.19-0.86, p=0.019) and Lodz (raw IRR 0.33, 95% CI 0.12-0.89, p=0.028), duration of 

breastfeeding was significant in Reykjavik (raw IRR 0.95, 95% CI 0.91-0.99, p=0.022), age at 

introduction of solids was significant in Lodz (raw IRR 0.50, 95% CI 0.35-0.73, p <0.001) and 

overlap of breastfeeding/ solids was significant in Reykjavik (raw IRR 0.92, 95% CI 0.87-0.98, 

p=0.014) and Southampton (raw IRR 0.87, 95% CI 0.78-0.98, p=0.020) (Table 12). However, in the 

primary multivariable model, none of these factors were protective against wheeze (Table 10). 

Increased overlap of breastfeeding/solids showed a small protective effect in sensitivity model 

one (adjusted IRR 0.95, 95% CI 0.90-1.00) (Table 10).   

4.4.1.3 Smoke Exposure  

Maternal smoking ever was associated with a higher prevalence of wheeze in the second year of 

life (raw IRR 1.29, 95% CI 1.11-1.50, p=0.001), whilst having other smokers in the household was 

associated with a lower prevalence of wheeze (raw IRR 0.81, 95% CI 0.66-0.98, p=0.033). Neither 

of these factors were independently associated with wheeze in the second year of life (Table 10).  

Maternal smoking at one-year follow up was, however, a statistically significant risk factor for 

wheeze in multivariable analysis (adjusted IRR 1.62, 95% CI 1.09-2.42, p=0.017) (Table 10).  It was 

a particularly strong risk factor in Southampton (adjusted IRR 2.72, 95% CI 1.29-5.77, p=0.009) 

(Table 13).  Antenatal smoke exposure was not significant in univariate or multivariable analysis.  
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4.4.1.4 Other Potential Risk Factors  

Factors associated with wheeze in the second year of life included male gender (raw IRR 1.35, 

95% CI 1.16-1.58, p <0.001), higher birth weight (raw IRR 1.24, 95% CI 1.07-1.44, p=0.004),  

eczema (raw IRR 2.41, 95% CI 2.03-2.85, p <0.001), a family history of allergic disease, day care 

attendance (raw IRR 3.51, 95% CI 2.82-4.38, p <0.001) and frequent (≥ quarterly) respiratory tract 

infections. Longer birth length (raw IRR 0.96, 95% CI 0.94-0.99, p=0.004) and dog ownership (raw 

IRR 0.63, 95% CI 0.49-0.80, p <0.001) were associated with a lower prevalence of wheeze (Table 

10).  After adjusting for potential confounders, only male gender (adjusted IRR 1.33, 95% CI 1.03-

1.70, p=0.027), maternal smoking at one-year follow up (adjusted IRR 1.62, 95% CI 1.09-2.42, 

p=0.017), day care attendance (adjusted IRR 1.63, 95% CI 1.08-2.45, p=0.020), frequent lower 

respiratory tract infections (LRTIs) in the first year of life (adjusted IRR 1.87, 95% CI 1.33-2.64, 

p<0.001) and frequent LRTIs in the second year of life (adjusted IRR 2.50, 95% CI 1.83-3.41, 

p<0.001) were statistically significant risk factors for wheeze (Table 10). 
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Table 10 Risk Factors for Wheeze in the Second Year of Life 

 Unexposed 
% (n/N) 

Exposed 
% (n/N) 

Wheeze in 
unexposed  

% (n/N) 

Wheeze in 
exposed  
% (n/N) 

Unadjusted IRR  
 [95% CI] (p-value) 

Primary model- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=3612) 

Sensitivity model 1- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=4227) 

FOOD ALLERGY 
Food allergy diagnosed 
in first two years of life 
(yes vs no) 

 98.6 
(8654/8775) 

 

 1.4 
(121/8775) 

 

7.6 
(655/8564) 

21.5 
(26/121) 

2.84 [1.92-4.20] 
(<0.001) 

1.26 [0.55-2.91] 
(0.589)  

 

FEEDING 
Ever breastfed  
(yes vs no) 

8.8 
(731/7607) 

91.2 
(7607/8338) 

6.0 
(44/731) 

7.9 
(597/7607) 

1.30 [0.96-1.77] 
(0.089)  

0.67 [0.14-3.18] 
(0.615)  

 

Duration of 
breastfeeding  
(per month increase) 

    1.00 [0.98-1.02] 
(0.918)  

1.02 [0.92-1.12] 
(0.729)  

 

Age at introduction of 
first solids 
(per month increase) 

    0.98 [0.93-1.03]  
(0.384)  

0.94 [0.83-1.08] 
(0.410)  

 

Overlap of 
breastfeeding/solids 
(per month increase)  

    0.99[0.96-1.03]  
(0.709)  

0.94 [0.82-1.07] 
(0.320)  

0.95 [0.90-1.00] 
(0.044)  

SMOKE EXPOSURE 
Mother ever smoked 
(yes vs no) 

59.8 
(5243/8774) 

40.2 
(3531/8774) 

7.0 
(365/5243) 

9.0 
(316/3531) 

1.29 [1.11-1.50] 
(0.001)  

1.06 [0.81-1.40] 
(0.673)  

 

Smoking at any time 
during pregnancy 
(yes vs no) 

91.8 
(7843/8544) 

 

8.2 
(701/8544) 

 

7.7 
(601/7843) 

9.6 
(67/701) 

1.25 [0.97-1.61] 
(0.086)  

0.66 [0.40-1.10] 
(0.112)  

 

Mother smoking at one 
year follow up 
 (yes vs no) 

84.6 
(5894/6971) 

 

15.5 
(1077/6971) 

 

6.9 
(404/5894) 

7.9 
(85/1077) 

1.15 [0.91-1.45] 
(0.237)  

1.62 [1.09-2.42] 
(0.017)  

1.45 [1.09-1.92] 
(0.011)  

Other smokers in 
household  (yes vs no) 

79.1 
(6936/8774) 

21.0 
(1838/8774) 

8.1 
(561/6936) 

6.5 
(120/1838) 

0.81 [0.66-0.98] 
(0.033)  

1.25 [0.85-1.85] 
(0.261)  
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 Unexposed 
% (n/N) 

Exposed 
% (n/N) 

Wheeze in 
unexposed  

% (n/N) 

Wheeze in 
exposed  
% (n/N) 

Unadjusted IRR  
 [95% CI] (p-value) 

Primary model- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=3612) 

Sensitivity model 1- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=4227) 

BASIC DEMOGRAPHICS AND BIRTH DETAILS  
Male gender   
(vs female) 

48.6 
(4263/8774) 

51.4 
(4511/8774) 

6.6 
(280/4263) 

8.9 
(401/4511) 

1.35 [1.16-1.58] 
(<0.001)  

1.33 [1.03-1.70] 
(0.027) 

1.32 [1.06-1.64] 
(0.014) 

Gestation  
(per week increase) 

    1.04 [0.99-1.10] 
(0.105)  

1.02 [0.93-1.12] 
(0.700)  

 

Birth weight 
(per kg increase) 

    1.24 [1.07-1.44] 
(0.004)  

0.88 [0.60-1.28] 
(0.495)  

 

Birth length 
(per cm increase) 

    0.96 [0.94-0.99] 
(0.004)  

0.99 [0.92-1.06] 
(0.715)  

 

Apgar score at 5 mins 
(per 1 point increase) 

    0.94 [0.84-1.053] 
(0.282)  

  

Multiple birth 
(vs single birth) 

97.9 
(8577/8760) 

 2.1 
(183/8760) 

7.7 
(663/8577) 

8.7 
(16/183) 

1.13 [0.69-1.86] 
(0.626)  

  

Caesarean delivery  
(vs vaginal delivery) 

75.4 
(6587/8731) 

24.6 
(2144/8731) 

7.7 
(506/6587) 

8.1 
(173/2144) 

1.05 [0.88-1.25] 
(0.577) 

  

Non-Caucasian mother 
(vs Caucasian mother) 

95.4 
(8330/8734) 

4.6 
(404/8734) 

7.7 
(640/8330) 

9.9 
(40/404) 

1.29 [0.94-1.77] 
(0.120)  

  

Non-Caucasian father  
(vs Caucasian father) 

94.8 
(8255/8708) 

5.2 
(453/8708) 

7.5 
(622/8255) 

11.9 
(54/453) 

1.58 [1.20-2.09] 
(0.001)  

1.44 [0.85-2.44] 
(0.180)  

 

Maternal age 
(per 1 year increase) 

    1.00 [0.98-1.01] 
(0.691)  

  

Paternal age, years 
(per 1 year increase)  

    1.00 [0.99-1.01] 
(0.918)  

  

FAMILIAL ALLERGIC DISEASE  
Maternal self-reported, doctor-diagnosed allergic disease 
-Any  
(yes vs no) 

73.7 
(6435/8732) 

26.3 
(2297/8732) 

6.0 
(386/6435) 

12.6 
(290/2297) 

2.11[1.81-2.45] 
(<0.001)  

1.13 [0.84-1.52] 
(0.428) 

 

-Asthma  
(yes vs no) 

90.8 
(809/8760) 

9.2 
(809/8760) 

6.8 
(544/7951) 

16.7 
(135/809) 

2.44 [2.02-2.95] 
(<0.001)  

1.30 [0.90-1.87] 
(0.158)  

1.47 [1.12-1.93] 
(0.006)  
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 Unexposed 
% (n/N) 

Exposed 
% (n/N) 

Wheeze in 
unexposed  

% (n/N) 

Wheeze in 
exposed  
% (n/N) 

Unadjusted IRR  
 [95% CI] (p-value) 

Primary model- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=3612) 

Sensitivity model 1- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=4227) 

-Allergic rhinitis  
(yes vs no)  

84.8 
(7418/8749) 

15.2 
(1331/8749) 

6.9 
(511/7418) 

12.5 
(166/1331) 

1.81 [1.52-2.16] 
(<0.001)  

  

-Eczema  
(yes vs no) 

88.1 
(7706/8748) 

11.9 
(1042/8748) 

7.0 
(537/7706) 

13.4 
(140/1042) 

1.93 [1.60-2.32] 
(<0.001)  

  

Paternal self-reported, doctor-diagnosed allergic disease  
-Any  
(yes vs no) 

78.7 
(6811/8652) 

21.3 
(1841/8652) 

6.3 
(427/6811) 

12.7 
(234/1841) 

2.03 [1.73-2.38] 
(<0.001)  

1.32 [0.98-1.78] 
(0.067)  

1.31 [1.04-1.65] 
(0.020)  

-Asthma  
(yes vs no) 

92.9 
(8083/8699) 

7.1 
(616/8699) 

7.1 
(571/8083) 

15.4 
(95/616) 

2.18 [1.76-2.71] 
(<0.001)  

0.73 [0.46-1.15] 
(0.174)  

 

-Allergic rhinitis 
(yes vs no) 

85.7 
(7415/8657) 

14.4 
(1242/8657) 

7.1 
(528/7415) 

11.2 
(139/1242) 

1.58 [1.30-1.90] 
(<0.001)  

  

-Eczema 
 (yes vs no) 

93.8 
(8153/8688) 

6.2 
(535/8688) 

7.2 
(587/8153) 

14.8 
(79/535) 

2.05 [1.62-2.60] 
(<0.001)  

  

LIVING ENVIRONMENT  
Rural housing 
(vs urban housing) 

83.8 
(7352/8774) 

16.2 
(1422/8774) 

7.9 
(580/7352) 

7.1 
(101/1422) 

0.90 [0.73-1.11] 
(0.330)  

  

Mould in house  
(yes vs no) 

90.2 
(7667/8503) 

9.8 
(836/8503) 

7.5 
(573/7667) 

9.5 
(79/836) 

1.26 [1.00-1.60] 
(0.051)  

0.96 [0.64-1.44] 
(0.833)  

 

Pets 
-Any 
(yes vs no) 

63.9 
(5594/8751) 

36.1 
(3157/8751) 

7.8 
(438/5594) 

7.6 
(241/3157) 

0.98 [0.83-1.14] 
(0.752)   

  

-Cat  
(yes vs no) 

84.6 
(7398/8751) 

15.5 
(1353/8751) 

7.7 
(566/7398) 

8.4 
(113/1353) 

1.09 [0.89-1.34] 
(0.395)  

  

-Dog 
(yes vs no) 

83.9 
(7343/8751) 

16.1 
(1408/8751) 

8.3 
(606/7343) 

5.2 
(73/1408) 

0.63 [0.49-0.80] 
(<0.001)  

0.90 [0.60-1.33] 
(0.587)  
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 Unexposed 
% (n/N) 

Exposed 
% (n/N) 

Wheeze in 
unexposed  

% (n/N) 

Wheeze in 
exposed  
% (n/N) 

Unadjusted IRR  
 [95% CI] (p-value) 

Primary model- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=3612) 

Sensitivity model 1- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=4227) 

MATERNAL EDUCATION  
Basic not completed      1.16 [0.77-1.74] (0.483) 

 
  

Basic completed      Baseline comparator    
Junior College/ 
vocational  

    1.15 [0.91-1.45] (0.255) 
 

  

College/ university      1.20 [0.96-1.50] (0.114)   
DAY CARE ATTENDANCE  

Day care in first year of 
life (yes vs no) 

69.1 
(4780/6922) 

30.9 
(2142/6922) 

5.0 
(239/4780) 

11.5 
(247/2142) 

2.31 [1.93-2.76] 
(<0.001)  

  

Day care in second year 
of life (yes vs no) 

44.7 
(3908/8739) 

55.3 
(4831/8739) 

4.0 
(154/3891) 

10.8 
(522/4820) 

2.74 [2.29-3.28] 
(<0.001)  

  

Day care at any time in 
first two years of life  
(yes vs no) 

38.3 
(3051/7966) 

61.7 
(4915/7966) 

3.1 
(93/3051) 

10.7 
(526/4915) 

3.51 [2.82-4.38] 
(<0.001)  

1.63 [1.08-2.45] 
(0.020) 

1.70 [1.18-2.45] 
(0.004)  

RESPIRATORY TRACT INFECTIONS  
URTIs in first year of life 
(≥ quarterly vs ≤ one) 

45.2 
(3142/6956) 

54.8 
(3814/6956) 

3.3 
(102/3142) 

10.2 
(388/3814) 

3.13 [2.52-3.90] 
(<0.001)  

1.08 [0.75-1.56] 
(0.672)  

 

URTIs in second year of 
life (≥ quarterly vs ≤ one) 

42.1  
(3626/8604) 

57.9 
(4978/8604) 

3.8 
(136/3626) 

 10.8  
(537/4978) 

2.88 [2.38-3.47] 
(<0.001)  

1.08 [0.72-1.62] 
(0.704) 

 

LRTIs in first year of life 
(≥ quarterly vs ≤ one) 

94.7 
(6524/6886) 

5.3 
(362/6886) 

6.2 
(406/6524) 

22.4 
(81/362) 

3.60 [2.83-4.56] 
(<0.001) 

1.87 [1.33-2.64] 
(<0.001)  

1.72 [1.25-2.36] 
(0.001)  

LRTIs in second year of 
life (≥ quarterly vs ≤ one) 

91.0 
7252/7967 

9.0 
715/7967 

6.6 
(479/7252) 

24.9 
(178/715) 

3.77 [3.17-4.48] 
(<0.001)  

2.50 [1.83-3.41] 
(<0.001)  

2.36 [1.76-3.17] 
(<0.001)  

ALLERGIC DISEASE  
Eczema in first two 
years of life (yes vs no) 

67.7 
(4870/7198) 

32.3 
(2328/7198) 

5.1 
(247/4870) 

12.2 
(284/2328) 

2.41 [2.03-2.85] 
(<0.001)  

1.20 [0.93-1.55] 
(0.158)  

1.35 [1.08-1.69] 
(0.009)  
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 Unexposed 
% (n/N) 

Exposed 
% (n/N) 

Wheeze in 
unexposed  

% (n/N) 

Wheeze in 
exposed  
% (n/N) 

Unadjusted IRR  
 [95% CI] (p-value) 

Primary model- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=3612) 

Sensitivity model 1- 
Adjusted IRR 

 [95% CI] (p-value) 
(n=4227) 

STUDY CENTRE  
Reykjavik 87.8 

(7700/8775) 
1075/8775 

 (12.3) 
6.4 

(496/7700) 
17.2 

(185/1075) 
Baseline comparator  Baseline comparator Baseline comparator 

Southampton 91.3 
(8011/8775) 

8.7 
(764/8775) 

7.3 
(581/8011) 

13.1 
(100/764) 

0.76 [0.60-0.97] 
(0.027)  

1.04 [0.65-1.68] 
(0.866)  

1.09 [0.74-1.60] 
(0.668)  

Amsterdam  92.9 
(8153/8775) 

7.1 
(622/8775) 

7.5 
(614/8153) 

10.8 
(67/622) 

0.63 [0.47-0.83] 
(<0.001)  

0.72 [0.36-1.41] 
(0.335)  

0.82 [0.54-1.24] 
(0.351)  

Berlin 85.3 
(7482/8775) 

14.7 
(1293/8775) 

7.1 
(529/7482) 

11.8 
(152/1293) 

0.68 [0.55-0.85] 
(<0.001)  

0.98 [0.69-1.39] 
(0.912)  

0.99 [0.73-1.35] 
(0.957)  

Lodz  85.7 
(7520/8775) 

14.3 
(1255/8775) 

8.8 
(660/7520) 

1.7 
(21/1255) 

0.10 [0.06-0.15]  
(<0.001)  

0.18 [0.08-0.42] 
(<0.001)  

0.17 [0.08-0.36] 
(<0.001)  

Vilnius 86.7 
(7611/8775) 

13.3 
(1164/8775) 

8.7 
(659/7611) 

1.9 
(22/1164) 

0.11 [0.07-0.17] 
(<0.001)  

0.34 [0.15-0.78] 
(0.010)  

0.33 [0.18-0.60] 
(<0.001)  

Madrid 89.6 
(7865/8775) 

10.4 
(910/8775) 

8.3 
(654/7865) 

3.0 
(27/910) 

0.17 [0.13-0.26] 
(<0.001)  

0.18 [0.08-0.39] 
(<0.001)  

0.23 [0.13-0.41] 
(<0.001)  

Milan 89.8 
(7878/8775) 

10.2 
(897/8775) 

7.6 
(596/7878) 

9.5 
(85/897) 

0.55 [0.43-0.71] 
(<0.001)  

1.33 [0.17-10.20] 
(0.781)  

2.67 [0.65-10.97] 
(0.172)  

Athens 90.9 
(7980/8775) 

9.1 
(795/8775) 

8.3 
(659/7980) 

2.8 
(22/795) 

0.16 [0.10-0.25] 
(<0.001)  

0.34 [0.05-2.61] 
(0.302)  

0.33 [0.04-2.40] 
(0.272)  

 
IRR= Incidence rate ratio. 
URTIs= Upper respiratory tract infections, LRTIs= Lower respiratory tract infections.  
Primary model: Includes all variables with p<0.1 in univariate analysis (gender, gestation, birth weight, birth length, ethnicity of father, maternal allergy, maternal asthma, 
paternal allergy, paternal asthma, mould in house, dog ownership, day care attendance, respiratory tract infections and eczema), plus food allergy, variables related to feeding 
and smoke exposure and study centre. 
Sensitivity model 1: This was generated by applying backward deletion to the primary model. It includes overlap of breastfeeding/solids, mother smoking at one-year follow 
up, gender, day care attendance, lower respiratory tract infections, eczema and study centre.  
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4.4.2 Findings of Alternative Models 

The risk factors for wheeze in the second year of life identified by the primary multivariable model 

(Table 10) were also identified by all three alternative multivariable models (Table 11).  Additional 

risk factors identified by one or more of these included increased overlap of breastfeeding/solids, 

maternal asthma, paternal allergic disease, having a non-Caucasian father, frequent upper 

respiratory tract infections in the first and second years of life and eczema. Paternal allergic 

disease was a significant risk factor in all three alternative models, eczema was significant in the 

models generated using backward deletion (sensitivity models one and three) and upper 

respiratory tract infections and maternal asthma were significant in the models not adjusted for 

‘study centre’ (sensitivity models two and three). Overlap of breastfeeding/solids was only 

significant in sensitivity model one and paternal ethnicity was only significant in sensitivity model 

three.   

4.5 Risk Factors for Wheeze by Study Centre  

The association between the risk factors identified in the primary model and wheeze in the 

second year of life varied across Europe (Table 13). In Reykjavik (Iceland), for example, only 

frequent lower respiratory tract infections in the first (adjusted IRR 1.83, 95% CI 1.28-2.65, 

p=0.001) and second years of life (adjusted IRR 2.74, 95% CI 1.92-3.92, p <0.001) were statistically 

significant risk factors for wheeze, whereas in Southampton (UK) only maternal smoking at one-

year follow up was important (adjusted IRR 2.72, 95% CI 1.29-5.77, p=0.009).   

4.6 Risk Factors for Recurrent Wheeze  

The risk factors for recurrent wheeze (Table 14) and wheeze in the second year of life were largely 

similar (Table 10).  A noteworthy finding is that maternal asthma and paternal allergic disease 

were significant in all four models for recurrent wheeze, including the primary model (adjusted 

IRR 1.81, 95% CI 1.09-3.01, p=0.022 for maternal asthma and adjusted IRR 1.57, 95% CI 1.02-2.41, 

p=0.039 for paternal allergic disease).  In sensitivity models two and three for recurrent wheeze, 

increased birth length was protective (adjusted IRR 0.88, 95% CI 0.81-0.95, p=0.001 in sensitivity 

model three).  Increased gestational age was also protective according to sensitivity model one 

(adjusted IRR 0.88, 95% CI 0.81-0.97, p=0.010) whilst food allergy was a statistically significant risk 

factor for wheeze according to sensitivity model three (IRR 2.38, 95% CI 1.22-4.63, p=0.011).  

Interestingly, day care was not a risk factor for recurrent wheeze.
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Table 11 Alternative Multivariable Models to Evaluate Risk Factors for Wheeze in the Second Year of Life 

 Unadjusted IRR 
[95% CI] (p-value)   

Sensitivity model 2 - Adjusted 
IRR [95% CI] (p-value) 

(n=3612) 

Sensitivity model 3- Adjusted IRR  
[95% CI] (p-value) 

(n=4172) 
FOOD ALLERGY 

Food allergy diagnosed in first two years of life (yes vs no)  2.84 (<0.001) [1.92-4.20] 1.29 [0.56-2.99] (0.547)   
FEEDING 

Ever breastfed (yes vs no) 1.30 (0.089) [0.96-1.77] 0.72 [0.15-3.39] (0.673)   
Duration of breastfeeding (per month increase) 1.00 (0.918) [0.98-1.02] 1.01 [0.92-1.12] (0.760)   
Age at introduction of first solids (per month increase) 0.98 (0.384) [0.93-1.03]  0.95 [0.83-1.08] (0.447)   
Overlap of breastfeeding/solids (per month increase) 0.99 (0.709) [0.96-1.03] 0.94 [0.83-1.07] (0.361)   

SMOKE EXPOSURE 
Mother ever smoked (yes vs no) 1.29 (0.001) [1.11-1.50] 1.15 [0.87-1.51] (0.322)   
Smoking at any time during pregnancy (yes vs no) 1.25 (0.086) [0.97-1.61] 0.66 [0.40-1.09] (0.105)   
Mother smoking at one year follow up (yes vs no) 1.15 (0.237) [0.91-1.45] 1.56 [1.05-2.30] (0.026) 1.41 [1.07-1.87] (0.015)  
Other smokers in household (yes vs no) 0.81 (0.033) [0.66-0.98] 1.05 [0.72-1.53] (0.814)   

BASIC DEMOGRAPHICS AND BIRTH DETAILS  
Male gender  (vs female) 1.35 [1.16-1.58] (<0.001) 1.31 [1.02-1.68] (0.032)  1.31 [1.05-1.63] (0.017)  
Gestation (per week increase)  1.04 [0.99-1.10] (0.105) 1.02 [0.93-1.12] (0.680)   
Birth weight (per kg increase) 1.24 [1.07-1.44] (0.004) 1.02 [0.71-1.43] (0.955)   
Birth length (per cm increase)  0.96 [0.94-0.99] (0.004)   0.97 [0.91-1.03] (0.346)   
Apgar score at 5 minutes (per 1 point increase)   0.94 [0.84-1.05] (0.282)   
Multiple birth (vs single birth) 1.13  [0.69-1.86] (0.626)   
Caesarean delivery (vs vaginal delivery)  1.05 [0.88-1.25] (0.577)   
Non-Caucasian mother (vs Caucasian mother)  1.29 [0.94-1.77] (0.120)   
Non-Caucasian father (vs Caucasian father)  1.58 [1.20-2.09] (0.001) 1.37 [0.82-2.29] (0.232)  1.50 [1.01-2.21]  (0.043) 
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 Unadjusted IRR 
[95% CI] (p-value)   

Sensitivity model 2 - Adjusted 
IRR [95% CI] (p-value) 

(n=3612) 

Sensitivity model 3- Adjusted IRR  
[95% CI] (p-value) 

(n=4172) 
Maternal age (per 1 year increase)  1.00 [0.98-1.01] (0.691)   
Paternal age (per 1 year increase)  1.00 [0.99-1.01] (0.918)   

FAMILIAL ALLERGIC DISEASE 
Maternal self-reported, doctor-diagnosed allergic disease 
-Any (yes vs no) 2.11 [1.81-2.45] (<0.001) 1.28 [0.95-1.71] (0.105)   
-Asthma (yes vs no) 2.44 [2.02-2.95] (<0.001) 1.36 [0.94-1.94] (0.104)  1.71 [1.30-2.24] (<0.001)  
-Allergic rhinitis (yes vs no) 1.81  [1.52-2.16] (<0.001)   
-Eczema (yes vs no) 1.93 [1.60-2.32] (<0.001)   
Paternal self-reported, doctor-diagnosed allergic disease 
-Any (yes vs no) 2.03  [1.73-2.38] (<0.001) 1.36 [1.01-1.83] (0.044)  1.40 [1.11-1.60] (0.004)  
-Asthma (yes vs no) 2.18  [1.76-2.71] (<0.001) 0.76 [0.48-1.20] (0.244)   
-Allergic rhinitis (yes vs no) 1.572  [1.304-1.895] (<0.001)   
-Eczema (yes vs no) 2.051 [1.622-2.594] (<0.001)   

LIVING ENVIRONMENT 
Rural housing (vs urban housing) 0.90 [0.73-1.11] (0.330)   
Mould in house  (yes vs no) 1.26 [1.00-1.60] (0.051) 1.01 [0.68-1.51] (0.954)   
Pets 
-Any (yes vs no) 0.98   [0.83-1.14] (0.752)   
-Cat (yes vs no) 1.09 [0.89-1.34] (0.395)   
-Dog (yes vs no) 0.63  [0.49-0.80] (<0.001) 0.82 [0.55-1.22] (0.322)   

DAY CARE ATTENDANCE 
Day care in first year of life (yes vs no) 2.31  [1.93-2.76] (<0.001)   
Day care in second year of life (yes vs no) 2.74 [2.29-3.28] (<0.001)   
Day care at any time in first two years of life (yes vs no) 3.51  [2.82-4.38] (<0.001) 2.32 [1.58-3.40] (<0.001)  2.52 [1.81-3.53] (<0.001)  
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 Unadjusted IRR 
[95% CI] (p-value)   

Sensitivity model 2 - Adjusted 
IRR [95% CI] (p-value) 

(n=3612) 

Sensitivity model 3- Adjusted IRR  
[95% CI] (p-value) 

(n=4172) 
RESPIRATORY TRACT INFECTIONS 

URTIs in first year of life (≥ quarterly vs ≤ one) 3.13  [2.52-3.90] (<0.001) 1.55 [1.09-2.19] (0.014)  1.65 [1.21-2.26] (0.002)  
URTIs in second year of life (≥ quarterly vs ≤ one) 2.88  [2.38-3.47] (<0.001) 1.62 [1.11-2.36] (0.012) 1.41 [1.02-1.93] (0.036)  
LRTIs in first year of life (≥ quarterly vs ≤ one) 3.60 [2.84-4.56] (<0.001) 1.77 [1.27-2.46] (0.001)  1.69 [1.24-2.30] (0.001)  
LRTIs in second year of life (≥ quarterly vs ≤ one) 3.77 [3.17-4.48] (<0.001) 2.51 [1.85-3.41] (<0.001)  2.45 [1.84-3.26] (<0.001)  

ALLERGIC DISEASE 
Eczema in first two years of life (yes vs no) 2.41 [2.03-2.85] (<0.001) 1.21 [0.94-1.55] (0.147)  1.36 [1.09-1.70]    (0.007)  

 
IRR= Incidence rate ratio 
LRTIs= Lower respiratory tract infections, URTIs= Upper respiratory tract infections 
  
Sensitivity model 2: Includes all variables with p<0.1 in univariate analysis (gender, gestation, birth weight, birth length, ethnicity of father, maternal allergy, maternal 
asthma, paternal allergy, paternal asthma, mould in house, dog ownership, day care attendance, respiratory tract infections and eczema) plus food allergy and variables 
related to feeding and smoke exposure. 
 
Sensitivity model 3:  This was generated by applying backward deletion to sensitivity model 2. It includes mother smoking at one-year follow up, gender, ethnicity of 
father, maternal asthma, paternal allergy, day care attendance, respiratory tract infections and eczema.    
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Table 12 Risk Factors for Wheeze in the Second Year of Life by Centre (Unadjusted) 

 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton 
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

FOOD ALLERGY 

Food allergy 
diagnosed in first 
two years of life 
(yes vs no) 

2.84 [1.92-4.20] 
(<0.001) 

 

2.07 [1.02-
4.20] (0.045)  

3.34  [1.68-6.62] 
(0.001)  

0.98 [0.24-3.99] 
(0.974) 

 

1.22 [0.30-4.92] 
(0.782) 

 

3.87 [0.52-28.85] 
(0.186) 

 

- 8.63 [2.60-28.64] 
(<0.001) 

 

1.51 [0.21-10.87] 
(0.680) 

 

- 
 

FEEDING 

Ever breastfed 
(yes vs no)  

1.30  [0.96-1.77] 
(0.089) 

 

0.41 [0.19-
0.86] (0.019) 

 

1.20 [0.55-2.60] 
(0.643)  

1.32 [0.65-2.68] 
(0.437) 

 

1.97 [0.63-6.18] 
(0.246) 

 

0.33 [0.12-0.89] 
(0.028)  

- 1.27  [0.38-4.22] 
(0.695)  

0.87 [0.43-1.73] 
(0.685)  

3.86 [0.52-28.80] 
(0.187) 

 

Duration of 
breastfeeding 
(per month 
increase) 

1.00 [0.98-1.02] 
(0.918) 

 

0.95 [0.91-
0.99] (0.022)  

0.93 [0.87-0.98] 
(0.014)  

0.97 [0.89-1.05] 
(0.421) 

 

0.98 [0.93-1.03] 
(0.453) 

 

0.90 [0.77-1.04] 
(0.148)  

0.97 [0.85-1.11] 
(0.653)  

1.01 [0.87-1.18] 
(0.879)  

0.96 [0.89-1.03] 
(0.253)  

1.03 [0.89-1.20] 
(0.658) 

 

Age at introduction 
of first solids (per 
month increase) 

0.98  [0.93-1.03] 
(0.384) 

 

0.95 [0.85-
1.07] (0.409)  

1.05 [0.92-1.20] 
(0.489)  

0.99 [0.85-1.16] 
(0.903) 

 

0.91 [0.82-1.01] 
(0.065) 

 

0.50 [0.35-0.73] 
(<0.001)  

1.02 [0.88-1.19] 
(0.785)  

1.10 [0.93-1.31] 
(0.279)  

1.02 [0.89-1.17] 
(0.770)  

1.26  [0.90-1.77] 
(0.173) 

 

Overlap of breast 
feeding/solids (per 
month increase) 

0.99 [0.96-1.03] 
(0.709) 

 

0.92 [0.87-
0.98] (0.014) 

 

0.87 [0.78-0.98] 
(0.020) 

 

0.97 [0.84-1.12] 
(0.654) 

 

0.98 [0.90-1.07] 
(0.666) 

 

0.89 [0.71-1.11]  
 (0.290) 

 

0.93 [0.74-1.16] 
 (0.515) 

 

1.06 [0.87-1.29] 
(0.574) 

 

0.92 [0.82-1.03] 
 (0.162) 

 
 

1.05 [0.85-1.28] 
 (0.670) 

 

SMOKE EXPOSURE  

Mother ever 
smoked  
(yes vs no) 

1.29  [1.11-1.49] 
(0.001) 

 

1.00 [0.74-
1.35] (0.995)  

1.06 [0.71-1.59] 
(0.767)  

1.36  [0.84-2.20] 
(0.207) 

 

1.41 [1.02-1.95] 
(0.038) 

 

0.68 [0.25-1.86] 
(0.457)  

1.55 [0.67-3.58] 
(0.302)  

1.86 [0.87-3.97] 
(0.110)  

1.52 [0.99-2.33] 
(0.054)  

1.41 [0.61-3.27] 
(0.419) 

 

Smoking at any 
time during 
pregnancy  
(yes vs no) 

1.25 [0.97-1.61] 
(0.086) 

 

1.53 [0.96-
2.44] (0.071)  

2.28  [1.00 -5.20] 
(0.051) 

 

1.62  [0.85-3.10] 
(0.142) 

 

0.68 [0.35-1.33] 
(0.262) 

 

2.30 [0.68-7.80] 
(0.182)  

1.68 [0.39-7.21] 
(0.482)  

0.81 [0.19-3.48] 
(0.781)  

1.76  [0.88-3.52] 
(0.109)  

1.48 [0.54-4.05] 
(0.441) 

 

Mother smoking at 
one year follow up   
(yes vs no) 

1.15 [0.91-1.45] 
(0.237) 

 

1.22 [0.72-
2.05] (0.464)  

2.60 [1.21-5.44] 
(0.011)  

1.49 [0.71-2.87] 
(0.236) 

 

1.20 [0.79-1.82] 
(0.390) 

 

2.16 [0.70-6.69] 
(0.183)  

0.67 [0.09-5.01] 
(0.695)  

1.45 [0.63-3.34] 
(0.379)  

3.17 [0.33- 30.44] 
(0.318) 

 

1.62 [0.67-3.19] 
(0.283)  

 

Other smokers in 
household  
(yes vs no) 

0.81 [0.66-0.98] 
(0.033) 

 

1.13 [0.50-
2.55] (0.770)  

1.83 [1.14-2.94] 
(0.012)  

1.20 [0.67-2.17] 
(0.539) 

 

1.20 [0.70-2.05] 
(0.502) 

 

2.11 [0.90-4.97] 
(0.088)  

1.73 [0.75-4.01] 
(0.198)  

0.98 [0.40-2.58] 
(0.960)  

 

1.48 [0.94-2.33] 
(0.094)  

1.56 [0.67-3.66] 
(0.303) 
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 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton 
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

BASIC DEMOGRAPHICS AND BIRTH DETAILS 

Male gender  
(vs female) 

1.35 [1.16-1.58]  
(<0.001) 

1.28 [0.95-
1.71] (0.101) 

1.39 [0.93-2.08] 
(0.104) 

2.36 [1.38-4.05] 
(0.002) 

1.21 [0.86-1.66] 
(0.253) 

1.53 [0.63-3.68] 
(0.346) 

1.70 [0.71-4.03] 
(0.236) 

1.07 [0.50-2.28] 
(0.856) 

1.32 [0.86-2.03] 
(0.200) 

0.89 [0.39-2.05] 
(0.781)  

Gestation  
(per week increase) 

1.04 [0.99-1.10] 
(0.105) 

 

0.89 [0.81-
0.98] (0.012)  

1.02 [0.89-1.16] 
(0.783) 

 

0.88 [0.75-1.03] 
(0.105) 

 

1.04 [0.93-1.16] 
(0.516) 

 

1.05 [0.80-1.37] 
(0.752)  

0.82 [0.60-1.12] 
(0.200)  

1.08 [0.83-1.41] 
(0.583)  

0.93 [0.82-1.05] 
(0.225)  

1.05 [0.78-1.42] 
(0.758) 

 

Birth weight 
(per kg increase) 

1.24 [1.07-1.44] 
(0.004) 

 

0.85 [0.64-
1.13] (0.257)  

1.15 [0.78-1.69] 
(0.482)  

0.72 [0.45-1.13] 
(0.152) 

 

1.08 [0.78-1.49] 
(0.654) 

 

0.70 [0.30-1.62] 
(0.402)  

0.60 [0.24-1.56] 
(0.296)  

2.07 [0.86-5.00] 
(0.106)  

0.83 [0.55-1.25] 
(0.376)  

 

0.53 [0.21-1.32] 
(0.170) 

 

Birth length  
(per cm increase) 

0.96 [0.94-0.99] 
(0.004) 

 

0.97 [0.91-
1.03] (0.326)  

0.94 [0.87-1.00] 
(0.052)  

0.89 [0.72-1.10] 
(0.276) 

 

1.02 [0.96-1.09] 
(0.493) 

 

0.93 [0.82-1.05] 
(0.235)  

0.94 [0.79-1.13] 
(0.511)  

1.15 [0.95-1.40] 
(0.145)  

0.99 [0.91-1.08] 
(0.845) 

 

0.95 [0.84-1.07] 
(0.390) 

 

Apgar score at 5 
mins (per 1 point 
increase)  

0.94 [0.84-1.05] 
(0.282) 

 

1.01 [0.84-
1.22] (0.907)  

1.07 [0.727-1.57] 
(0.741)  

0.81 [0.54-1.22] 
(0.310) 

 

0.95 [0.76-1.12] 
(0.675) 

 

0.67 [0.35-1.27] 
(0.218)  

1.19 [0.44-3.21] 
(0.739)  

0.49 [0.26-0.93] 
(0.028)  

0.98 [0.66-1.45] 
(0.922)  

0.84 [0.28-2.52] 
(0.751) 

 

Multiple birth  
(vs single birth) 

1.13 [0.69-1.86] 
(0.626) 

1.59 [0.51-
4.99] (0.423)  

1.09 [0.27-4.25] 
(0.902) 

0.93 [0.13-6.68] 
(0.940) 

0.61 [0.20-1.93] 
(0.403) 

2.29 [0.53-9.84] 
(0.264)  

- - 3.65 [1.40-8.56] 
(0.007) 

- 

Caesarean delivery 
(vs vaginal delivery) 

1.05 [0.88-1.25] 
(0.577) 

1.34 [0.91-
1.98] (0.133)  

1.11 [0.73-1.69] 
(0.640) 

0.56 [0.23-1.39] 
(0.213) 

 

0.99 [0.70-1.39] 
(0.931) 

1.02 [0.42-2.46] 
(0.969)  

1.22 [0.41-3.61] 
(0.716)  

1.55 [0.21-11.40] 
(0.668)  

1.45 [0.94-2.25] 
(0.093) 

1.47 [0.64-3.41] 
(0.365) 

Non-Caucasian 
mother (vs 
Caucasian mother) 

1.29 [0.94-1.77] 
(0.120) 

- 0.73 [0.23-2.30] 
(0.587) 

1.27 [0.74-2.19] 
(0.384) 

0.75 [0.33-1.70] 
(0.490) 

- - 2.53 [1.07-5.99] 
(0.034)  

1.53 [0.67-3.50] 
(0.317) 

- 

Non-Caucasian 
father (vs 
Caucasian father) 

1.58 [1.20-2.09] 
(0.001) 

1.37 [0.51-
3.69] (0.533)  

0.34 [0.052.45] 
(0.285) 

 

1.37 [0.84-2.34] 
(0.245) 

 

1.11 [0.63-1.95] 
(0.731) 

 

-  - 2.98 [1.1-6.81] 
(0.010)  

2.37 [1.19-4.74] 
(0.014) 

 

- 

Maternal age  
(per 1 year 
increase) 

1.00 [0.98-1.01] 
(0.691) 

 

0.96 [0.93-
0.99] (0.008)  

0.99 [0.94-1.03] 
(0.480) 

 

0.99 [0.94-1.04] 
(0.624) 

 

0.98 [0.95-1.01] 
(0.224) 

 

0.96 [0.86-1.06] 
(0.413)  

1.08 [1.00-1.17] 
(0.057)  

0.90 [0.84-0.96] 
(0.003) 

 

0.99 [0.94-1.04] 
(0.710)  

0.96 [0.88-1.06] 
(0.431) 

 

Paternal age (per 1 
year increase) 

1.00 [0.99-1.01] 
(0.918) 

0.98 [0.96-
1.01] (0.186)  

0.97 [0.93-1.01] 
(0.095) 

0.99 [0.95-1.03] 
(0.564) 

0.99 [0.96-1.02] 
(0.420) 

 

0.95 [0.87-1.05] 
(0.327)  

1.05 [0.99-1.12] 
(0.121)  

0.94 [0.87-1.01] 
(0.087)  

1.01 [0.97-1.05] 
(0.697)  

1.01 [0.93- 1.09] 
(0.872) 
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 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton 
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

FAMILIAL ALLERGIC DISEASE 

Maternal self-reported, doctor diagnosed allergic disease 

-Any  
(yes vs no) 

2.11 [1.81-2.45] 
(<0.001) 

1.55 [1.56 -
2.07] (0.003)  

1.55 [1.04-2.32] 
(0.033)  

1.32 [0.81-2.15] 
(0.264) 

1.18 [0.85-1.64] 
(0.323) 

1.65 [0.45-1.64] 
(0.423)  

2.76 [0.82-9.33] 
(0.102)  

0.50 [0.17-1.46] 
(0.206)  

1.18 [0.73-1.89] 
(0.500)  

1.69 [0.62-4.57] 
(0.304) 

-Asthma  
(yes vs no) 

2.44 [2.02-2.95] 
(<0.001) 

1.85 [1.34-
2.56] (<0.001)  

1.70  [1.12-2.59] 
(0.014)  

1.33 [0.69-2.53] 
(0.393) 

1.26 [0.79-2.01] 
(0.343) 

-  3.21 [0.43-23.89] 
(0.254)  

1.91 [0.57-6.33] 
(0.292)  

1.95 [1.01-3.46] 
(0.022)  

2.70  [0.80-9.11] 
(0.111) 

-Allergic rhinitis  
(yes vs no) 

1.81 [1.52-2.16] 
(<0.001) 

1.91 [1.38-
2.65] (0.001)  

1.17 [0.77-1.80] 
(0.463)  

1.54 [0.919-
2.590] (0.101) 

1.18 [0.83-1.69] 
(0.359) 

2.28 [0.67-7.79] 
(0.188)  

4.33 [1.28-14.61] 
(0.018)  

0.65 [0.20-2.16] 
(0.480)  

1.16 [0.67-2.00] 
(0.597)  

- 

-Eczema 
(yes vs no)  

1.93 [1.60-2.32] 
(<0.001) 

1.11 [0.81-
1.52] (0.515) 

1.51 [1.01-2.27] 
(0.045) 

1.24 [0.66-2.31] 
(0.502) 

1.10 [0.70-1.73] 
(0.6760 

- - - 1.29  [0.68-2.42] 
(0.438)  

4.58 [1.07-19.58] 
(0.040) 

Paternal self-reported, doctor diagnosed allergic disease 

-Any  
(yes vs no) 

2.03 [1.73-2.38] 
(<0.001) 

1.37 [1.01-
1.85] (0.041)  

1.66 [1.11-2.49] 
(0.013) 

2.06 [1.26-3.37] 
(0.004) 

0.97 [0.69-1.38] 
(0.880) 

1.65 [0.49-5.60] 
(0.422)  

5.08 [1.51-17.18]  
(0.009)  

0.93 [0.35-2.46] 
(0.882)  

1.46 [0.92-2.34] 
(0.112) 

1.06 [0.31-3.57] 
(0.928) 

-Asthma  
(yes vs no) 

2.18 [1.76-2.71] 
(<0.001) 

1.12 [0.70-
1.78] (0.638)  

1.39 [0.87-2.22] 
(0.172) 

2.39 [1.30-4.39] 
(0.005) 

1.47 [0.91-2.38] 
(0.118) 

2.27 [0.31-16.94] 
(0.423)  

10.48 [2.45-
44.84] (0.002)  

2.09 [0.63-6.98] 
(0.228)  

2.00 [1.11-3.62] 
(0.021)  

1.13 [0.15-8.42] 
(0.903) 

-Allergic rhinitis  
(yes vs no)  

1.57 [1.30-1.90] 
(<0.001) 

1.07 [0.72-
1.60] (0.740)   

1.24 [0.79-1.94] 
(0.348) 

1.99 [1.18-3.35] 
(0.010) 

0.88 [0.60-1.29] 
(0.510) 

2.05 [0.61-6.97] 
(0.249)  

4.37 [1.02-18.71] 
(0.047)  

0.93 [0.32-2.71] 
(0.898)  

1.55 [0.9-2.56] 
(0.101)  

0.95 [0.22-4.05] 
(0.940) 

-Eczema 
(yes vs no) 

2.05 [1.62-2.59] 
(<0.001) 

1.44 [1.01-
2.06] (0.047)  

0.78 [0.42-1.42] 
(0.411)  

1.47 [0.70-3.09] 
(0.307) 

0.86 [0.45-1.63] 
(0.637) 

-  - - 2.31 [1.23-4.36] 
(0.010)  

- 

LIVING ENVIRONMENT  

Rural housing 
(yes vs no) 

0.90 [0.73-1.11] 
(0.330) 

0.98 [0.56-
1.72] (0.943)  

0.61 [0.40-0.93]  
(0.023)  

- 1.14 [0.42-3.07] 
(0.800) 

0.35 [0.08-1.50] 
(0.158)  

0.62 [0.15-2.65] 
(0.517)  

1.19 [0.41-3.44] 
(0.748)  

0.56 [0.20-1.52] 
(0.254)  

1.16 [0.27-4.97] 
(0.840) 

Mould in house  
(yes vs no) 

1.26 [1.00-1.60] 
(0.051) 

0.46 [0.91-
2.35] (0.117)  

1.08 [0.58-2.02] 
(0.815) 

1.34 [0.75-2.38] 
(0.318) 

0.79 [0.44-1.39] 
(0.406) 

6.17 [1.44-26.50] 
(0.014) 

0.45 [0.06-3.33] 
(0.431)  

1.80  [0.42-7.58] 
(0.428)  

1.76 [0.95-3.24] 
(0.073)  

0.80 [0.27-2.38] 
(0.693) 

Pets 

-Any 
(yes vs no) 

0.98 [0.83-1.14] 
(0.752) 

0.94 [0.68-
1.30] (0.705)  

0.84 [0.56-1.24] 
(0.373)  

0.78 [0.48-1.25] 
(0.300) 

1.29  [0.93-1.79] 
(0.121) 

0.72 [0.30-1.73] 
(0.458) 

1.27 [0.55-2.92] 
(0.579)  

1.24 [0.54-2.83] 
(0.613)  

0.99 [0.60-1.63] 
(0.964)  

1.48 [0.59 -3.77] 
(0.415) 

-Cat  
(yes vs no) 

1.09 [0.89-1.34] 
(0.395) 

1.21 [0.79-
1.86] (0.386) 

0.83 [0.53-1.30] 
(0.419)  

0.60 [0.33-1.08] 
(0.090) 

1.38 [0.93-2.06] 
(0.111) 

0.56 [0.13-2.42] 
(0.441)  

0.81 [0.27-2.37] 
(0.699)  

1.13 [0.27-4.76] 
(0.870)  

1.22 [0.63-2.36] 
(0.559)  

1.35 [0.18-10.07] 
(0.767) 

- Dog  
(yes vs no) 

0.63 [0.49-0.80] 
(<0.001) 

0.73 [0.43-
1.26] (0.264)  

0.87 [0.50-1.54] 
(0.641)  

0.54 [0.22-1.33] 
(0.179) 

0.87 [0.47-1.61] 
(0.664) 

0.59 [0.22-1.60] 
(0.296) 

2.05 [0.86-4.88] 
(0.106)  

1.72 [0.70-4.26] 
(0.241)  

0.85 [0.39-1.85] 
(0.683)  

1.27 [0.38-4.29] 
(0.702) 
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 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton 
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

Maternal education: Only basic education completed vs: 

Basic education 
not completed   

1.16 [0.77-1.74] 
(0.483) 

1.86 [0.29-
4.93] (0.815) 

- 2.39 [0.29-19.45] 
(0.414) 

1.89 [0.92-3.91] 
(0.082) 

2.79 [0.56-13.81] 
(0.209) 

1.73 [0.16-19.10] 
(0.654) 

0.88 [0.22-3.35] 
(0.860)  

- 2.79 [0.75-10.40] 
(0.126) 

Junior College/ 
vocational 

1.15 [0.91-1.45] 
(0.255) 

0.77 [0.50-
1.18] (0.223)  

0.58 [0.30-1.10] 
(0.094)  

1.04 [0.46-2.38] 
(0.918) 

1.24 [0.68-2.26] 
(0.480) 

1.35 [0.41-4.41] 
(0.625)  

1.53 [0.28-8.34] 
(0.625)  

0.99 [0.39-2.48] 
(0.974)  

0.50 [0.24-1.04]  
(0.064)  

1.17 [0.34-4.04] 
(0.804) 

College/ university 1.20 [0.96-1.50] 
(0.114) 

0.79 [0.53-
1.16] (0.223)  

0.52 [0.29-0.93] 
(0.028)  

1.02 [0.45-2.32] 
(0.969) 

1.15 [0.63-2.08] 
(0.656) 

0.64 [0.22-1.83] 
(0.403)  

2.27 [0.52-9.94] 
(0.275) 

- 0.73 [0.37-1.43] 
(0.353) 

1.20 [0.39-3.66] 
(0.751) 

DAY CARE ATTENDANCE  

Day care in first 
year of life  
(yes vs no) 

2.31 [1.93-2.76] 
(<0.001) 

1.15 [0.80-
1.64] (0.445) 

1.28 [0.78-2.07] 
(0.327)  

1.12 [0.61-2.05] 
(0.709) 

1.45 [1.05-2.01] 
(0.024) 

2.05 [0.47-9.01] 
(0.343)  

- 0.63 [0.28-1.45] 
(0.280)  

0.96 [0.16-5.76] 
(0.967)  

- 

Day care in second 
year of life 
(yes vs no) 

2.74 [2.29-3.28] 
(<0.001) 

1.29 [0.66-
2.51] (0.464)  

1.10 [0.74-1.65] 
(0.630) 

1.44 [0.69-3.01] 
(0.335) 

1.53 [0.95-2.44] 
(0.078) 

1.46 [0.53-4.02] 
(0.463)  

3.22 [1.39-7.45] 
(0.006)  

0.78 [0.36-1.70] 
(0.535)  

1.49 [0.93-2.39] 
(0.100)  

0.79 [0.23-2.67] 
(0.702) 

Day care at any 
time in first two 
years of life  
(yes vs no) 

3.51 [2.82- 4.38] 
(<0.001) 

 

1.96 [0.63-
6.14] (0.247) 

 

1.12 [0.69-1.82] 
(0.649) 

 

1.62 [0.65-4.03] 
(0.301) 

 

1.70 [1.02-2.81] 
(0.040) 

 

1.73 [0.59-5.05] 
(0.319) 

 

3.44 [1.41-8.43] 
(0.007)  

0.70 [0.32-1.52] 
(0.361) 

 

0.53 [0.07-3.85] 
(0.534) 

 

0.83 [0.24-2.84] 
(0.762) 

 

RESPIRATORY TRACT INFECTIONS 

URTIs in first year 
of life (≥ quarterly 
vs ≤ one) 

3.13 [2.52-3.90] 
(<0.001) 

 

1.32 [0.67-
2.60] (0.418)  

1.11 [0.60-2.03] 
(0.744)  

3.07 [1.11-8.47] 
(0.031) 

 

1.08 [0.71-1.66] 
(0.708) 

 

0.66 [0.25-1.77] 
(0.405)  

8.83 [3.18-24.52]  
(<0.001)  

3.70 [1.71-8.00] 
(0.001)  

 

0.67 [0.11-3.99] 
(0.657)  

1.20 [0.50-2.87] 
(0.690) 

 

URTIs in second 
year of life (≥ 
quarterly vs ≤ one) 

2.88 [2.38-3.47] 
(<0.001) 

 

1.41 [0.77-
2.60] (0.267)  

0.66 [0.44-0.97] 
(0.036)  

1.49 [0.74-3.01] 
(0.267) 

 

1.72 [0.88-3.38] 
(0.114) 

 

0.68 [0.28-1.63] 
(0.384)  

1.37  [0.18-10.19] 
(0.758)  

5.12 [2.38-11.03] 
(<0.001)  

 

3.71 [1.86-7.41] 
(<0.001)  

0.95 [0.38-2.37] 
(0.915) 

 

LRTIs in first year 
of life (≥ quarterly 
vs ≤ one) 

3.60 [2.83-4.56] 
(<0.001) 

 

2.47 [1.74-
3.50] (<0.001)  

1.83 [0.84-4.01] 
(0.130)  

2.60 [0.63-10.64] 
(0.185) 

 

1.30 [0.64-2.65] 
(0.472) 

 

4.54 [1.03-19.97] 
(0.045) 

 

19.02 [2.54-
142.46] (0.004)  

9.51 [4.31-20.94] 
(<0.001)  

- -- 

LRTIs in second 
year of life (≥ 
quarterly vs ≤ one) 

3.77 [3.17-4.48] 
(<0.001) 

 

2.92 [2.19-
3.90] (<0.001)  

2.04 [1.09-3.82] 
(0.026)  

2.70 [0.66-11.02] 
(0.167) 

 

1.25 [0.68-2.31] 
(0.473) 

 

24.24 [8.16-
72.02] (<0.001)  

4.21 [0.57-31.32] 
(0.160)  

15.11 [7.10-
32.14] (<0.001)  

3.33 [2.15-5.16] 
(<0.001)  

6.60 [0.60-72.79] 
(0.123) 
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 All centres 
 (n=12049) 

Reykjavik 
(n=1341) 

Southampton 
(n=1140) 

Amsterdam 
(n=976) 

Berlin 
(n=1570) 

Lodz 
(n=1513) 

Vilnius 
(n=1556) 

Madrid 
(n=1387) 

Milan 
(n=1486) 

Athens 
(n=1080) 

ALLERGIC DISEASE  

Eczema in first two 
years of life  
(yes vs no) 

2.41[2.03-2.85] 
(<0.001) 

 

1.63 [1.17-
2.28] (0.004)  

1.54 [0.95-2.48] 
(0.078) 

 

2.48 [1.48-4.16] 
(0.001) 

 

1.36 [0.98-1.89] 
(0.063) 

 

2.62 [1.03-6.63] 
(0.043) 

 

1.18 [0.16-8.85] 
(0.871) 

 

2.23 [1.02-4.86] 
(0.043) 

 

 1.49 [0.55-4.07] 
(0.437) 

 

 
Values represent:  Incidence rate ratio, IRR [95% confidence intervals] (p-value)  
Where no figures are entered, Poisson estimation was not possible.  
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Table 13 Risk Factors for Wheeze in the Second Year of Life by Centre (Adjusted) 

 Reykjavik Southampton Amsterdam Berlin Lodz Vilnius Madrid Milan Athens 

n 829 494 569 1228 1084 1009 826   

Male gender (vs female)  1.45 [1.02-2.08] 
(0.040) 

1.66 [1.00-2.76] 
(0.050) 

3.17 [1.67-6.01] 
(<0.001) 

1.72 [0.84-1.63] 
(0.346) 

1.28 [0.45-3.65] 
(0.643) 

2.00 [0.74-5.32] 
(0.167) 

1.02 [0.46-2.25] 
(0.966) 

- - 

Mother smoking at one-year 
follow up (yes vs no) 

1.08 [0.64-1.83] 
(0.776) 

2.72 [1.29-5.77] 
(0.009) 

1.46 [0.75-2.86] 
(0.267) 

1.27 [0.84-1.94] 
(0.258) 

2.38 [0.75-7.55] 
(0.141) 

0.79 [0.11-5.99] 
(0.823) 

1.66 [0.68-4.05] 
(0.261) 

- - 

Day care at any time in first 
two years of life  
(yes vs no) 

1.30 [0.41-4.09] 
(0.656) 

1.16 [0.69-1.95] 
(0.570) 

1.71 [0.67-4.34] 
(0.258) 

1.67 [1.01-2.77] 
(0.047) 

1.91 [0.65-5.61]  
(0.237) 

3.66 [1.47-9.13] 
(0.005) 

0.69 [0.31-1.53] 
(0.365) 

- - 

LRTIs in first year of life 
(≥ quarterly vs ≤ one) 

1.83 [1.28-2.65] 
(0.001) 

1.85 [0.82-4.17] 
(0.138) 

2.33 [0.56-9.63] 
(0.243) 

1.30 [0.63-2.66] 
(0.478) 

2.48 [0.32-19.18] 
(0.384)  

24.9 [2.98-
207.18] (0.003) 

2.42 [0.86-6.80] 
(0.093) 

 

- - 

LRTIs in second year of life 
(≥ quarterly vs ≤ one) 

2.74 [1.92-3.92] 
(<0.001)  

1.07 [0.41-2.75] 
(0.896) 

2.67 [0.65-11.15] 
(0.174) 

1.29 [0.69-2.39] 
(0.421) 

10.23 [1.34-78.33] 
(0.025) 

- 11.83 [4.27-32.78] 
(<0.001) 

- - 

 
Values represent: Adjusted incidence rate ratio, IRR [95% confidence intervals] (p-value).  
Where no figures are entered, Poisson estimation was not possible. 
Only significant associations from the primary model (gender, mother smoking at one-year follow up, day care attendance and LRTIs in the first and second years of life) 
were entered into the multivariable models for individual centres.  
LRTIs= Lower respiratory tract infections. 
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Table 14 Risk Factors for Recurrent Wheeze (Wheeze in the First and Second Years of Life) 

 Unadjusted IRR 
 [95% CI] (p-value)  

Primary model- 
Adjusted IRR [95% CI]  

(p-value) 
(n=3177) 

Sensitivity model 1- 
Adjusted IRR [95% CI]  

(p-value) 
(n=5044) 

Sensitivity model 2- 
Adjusted IRR [95% CI]  (p-

value) 
(n=3177) 

Sensitivity model 3- 
Adjusted IRR [95% CI]  

(p-value) 
(n=4688) 

FOOD ALLERGY 
Food allergy diagnosed in first two 
years of life (yes vs no) 

5.50 [3.30-9.14] (<0.001) 
 

2.20 [0.77-6.23] (0.140) 
 

 2.61 [0.92-7.42] (0.071) 
 

2.38 [1.22-4.63] (0.011) 
 

FEEDING 
Ever breastfed (yes vs no) 1.24 [0.74-2.06] (0.416) 

 
3.39 [0.34-33.28] (0.295) 

 
 3.81 [0.39-37.60] (0.252) 

 
2.09 [1.00-4.35] (0.049) 

 

Duration of breastfeeding  
(per month increase) 

1.01 [0.98-1.05] (0.481) 
 

0.98 [0.85-1.13] (0.799) 
 

 0.96 [0.83-1.23] (0.627) 
 

 

Age at introduction of first solids 
(per month increase) 

0.93 [0.84-1.03] (0.163) 
 

0.90 [0.74-1.11] (0.329) 
 

 0.90 [0.74-1.10] (0.300) 
 

0.82 [0.72-0.92] (0.001) 
 

Overlap of breastfeeding/ solids 
(per month increase) 

1.02 [0.99-1.07] (0.211) 
 

0.97 [0.80-1.18] (0.764) 
 

 1.01 [0.83-1.12] (0.903) 
 

 

SMOKE EXPOSURE  
Mother ever smoked  
(yes vs no) 

1.20 [0.92-1.57] (0.177) 
 

1.38 [0.93-2.07] (0.112) 
 

 1.39 [0.94-2.06] (0.102) 
 

 

Smoking at any time during 
pregnancy  

1.16 [0.74-1.82] (0.519) 
 

0.74 [0.34-1.59] (0.435) 
 

 0.78 [0.37-1.65] (0.510) 
 

 

Mother smoking at one year follow 
up (yes vs no) 

1.05 [0.73-1.51] (0.795) 
 

1.28 [0.66-2.48] (0.470) 
 

 1.16 [0.61-2.19] (0.654) 
 

1.41 [1.07-1.87] (0.015) 
 

Other smokers in household  
(yes vs no) 

0.60 [0.41-0.88] (0.009) 
 

1.64 [0.92-2.91] (0.094) 
 

 1.29 [0.73-2.25] (0.378) 
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 Unadjusted IRR 
 [95% CI] (p-value)  

Primary model- 
Adjusted IRR [95% CI]  

(p-value) 
(n=3177) 

Sensitivity model 1- 
Adjusted IRR [95% CI]  

(p-value) 
(n=5044) 

Sensitivity model 2- 
Adjusted IRR [95% CI]  (p-

value) 
(n=3177) 

Sensitivity model 3- 
Adjusted IRR [95% CI]  

(p-value) 
(n=4688) 

BASIC DEMOGRAPHIC AND BIRTH DETAILS  

Male gender  
(vs female) 

2.13 [1.60-2.85] (<0.001) 1.92 [1.29-2.84] (0.001) 2.04 [1.49-2.78] (<0.001) 1.84 [1.35-2.72] (0.002) 1.77 [1.26-2.49] (0.001) 

Gestation  
(per week increase) 

1.08 [0.99-1.18] (0.097) 
 

0.93 [0.81-1.07] (0.325) 
 

0.88 [0.81-0.97] (0.010) 
 

0.98 [0.85-1.13] (0.827) 
 

 

Birth weight  
(per kg increase) 

1.73 [1.32-2.26] (<0.001) 
 

1.16 [0.67-1.99] (0.600) 
 

 1.62 [0.97-2.70] (0.064) 
 

1.84 [1.23-2.75] (0.003) 
 

Birth length 
(per cm increase) 

0.96 [0.92-1.01] (0.128) 
 

0.97 [0.88-1.08] (0.622) 
 

 0.91 [0.83-1.00] (0.047) 
 

0.88 [0.81-0.95] (0.001)  
 

Apgar score at 5 mins  
(per 1 point increase)  

0.83 [0.68-1.01] (0.061) 
 

0.85 [0.66-1.09] (0.194) 
 

 0.82 [0.65-1.05] (0.116)  

Multiple birth 
(vs single birth) 

0.61 [0.20-1.91] (0.396) 
 

    

Caesarean delivery 
(vs vaginal delivery)  

0.70 [0.49-0.99] (0.043) 
 

0.88 [0.52-1.50] (0.651) 
 

 0.75 [0.45-1.26] (0.277)  

Non-Caucasian mother 
(vs Caucasian mother) 

1.33 [0.76-2.33] (0.315) 
 

    

Non-Caucasian father  
(vs Caucasian father) 

1.86 [1.18-2.95] (0.008) 
 

1.76 [0.81-3.82] (0.154) 
 

 1.60 [0.76-3.38] (0.216) 
 

 

Maternal age 
(per 1 year increase)  

0.98 [0.96-1.01] (0.171) 
 

    

Paternal age 
(per 1 year increase)  

0.99 [0.97-1.01] (0.403) 
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 Unadjusted IRR 
 [95% CI] (p-value)  

Primary model- 
Adjusted IRR [95% CI]  

(p-value) 
(n=3177) 

Sensitivity model 1- 
Adjusted IRR [95% CI]  

(p-value) 
(n=5044) 

Sensitivity model 2- 
Adjusted IRR [95% CI]  (p-

value) 
(n=3177) 

Sensitivity model 3- 
Adjusted IRR [95% CI]  

(p-value) 
(n=4688) 

FAMILIAL ALLERGIC DISEASE  
Maternal self-reported, doctor-diagnosed allergic disease 

-Any (yes vs no) 3.35 [2.57-4.39] (<0.001) 1.11 [0.70-1.75] (0.656)  1.27 [0.80-2.01] (0.304)  

-Asthma (yes vs no) 4.29  [3.18-5.80] (<0.001) 1.81 [1.09-3.01] (0.022) 1.85 [1.32-2.59] (<0.001) 2.13 [1.29-3.51] (0.003) 2.31 [1.60-3.34] (<0.001) 

-Allergic rhinitis (yes vs no) 2.39 [1.77-3.22] (<0.001)     

-Eczema (yes vs no) 3.12 [2.30-4.23] (<0.001)     

Paternal self-reported, doctor-diagnosed allergic disease 

-Any (yes vs no) 2.63 [1.99-3.48] (<0.001) 1.57 [1.02-2.41] (0.039) 1.42 [1.06-1.92] (0.019) 1.67 [1.09-2.57] (0.019) 1.42 [1.02-1.98] (0.036) 

-Asthma (yes vs no) 2.94 [2.03-4.26] (<0.001) 0.79 [0.42-1.48] (0.461)  0.78 [0.42-1.45] (0.431)  

-Allergic rhinitis  (yes vs no) 1.99 [1.44-2.74] (<0.001)     

-Eczema (yes vs no) 2.57 [1.71-3.88] (<0.001)     

LIVING ENVIRONMENT   
Rural housing (vs urban housing) 1.35 [0.96-1.89] (0.083) 0.84 [0.43-1.65] (0.611)  1.60 [0.96-2.65] (0.071)  

Mould in house (yes vs no) 1.09 [0.705-1.676] (0.706)     

Pets      

-Any (yes vs no) 0.97 [0.74-1.28] (0.841)     

-Cat (yes vs no) 1.15 [0.80-1.63] (0.453)     

-Dog (yes vs no 0.66 [0.44-1.00] (0.051) 0.73 [0.40-1.33] (0.300)  0.72 [0.39-1.32] (0.289)  
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 Unadjusted IRR 
 [95% CI] (p-value)  

Primary model- 
Adjusted IRR [95% CI]  

(p-value) 
(n=3177) 

Sensitivity model 1- 
Adjusted IRR [95% CI]  

(p-value) 
(n=5044) 

Sensitivity model 2- 
Adjusted IRR [95% CI]  (p-

value) 
(n=3177) 

Sensitivity model 3- 
Adjusted IRR [95% CI]  

(p-value) 
(n=4688) 

DAY CARE ATTENDANCE  
Day care in first year of life  
(yes vs no) 

4.03 [3.07-5.30] (<0.001)      

Day care in second year of life  
(yes vs no) 

3.92 [2.80-5.49] (<0.001)      

Day care at any time in first two 
years of life (yes vs no) 

3.90 [2.77-5.50] (<0.001) 1.17 [0.64-2.14] (0.621) 
 

 1.72 [0.98-2.99] (0.057) 
 

 

RESPIRATORY TRACT INFECTIONS  
URTIs in first year of life  
(≥ quarterly vs ≤ one) 

6.23 [4.21-9.21] (<0.001) 
 

1.52 [0.80-2.87] (0.202) 
 

1.92 [1.17-3.13] (0.009) 
 

2.45 [1.34-4.48] (0.004) 
 

3.11 [1.95-4.90] (<0.001) 
 

URTIs in second year of life  
(≥ quarterly vs ≤ one) 

3.64 [2.60-5.08] (<0.001) 1.26 [0.70-2.29] (0.446) 
 

 1.45 [0.81-2.60] (0.206) 
 

 

LRTIs in first year of life  
(≥ quarterly vs ≤ one) 

9.48 [7.05-12.76] (<0.001) 3.34 [2.17-5.14] (<0.001) 3.36 [2.30-4.93] (<0.001) 
 

3.70 [2.42-5.66] (<0.001) 
 

3.97 [2.73-5.77] (<0.001) 
 

LRTIs in second year of life  
(≥ quarterly vs ≤ one) 

7.20 [5.31-9.77] (<0.001) 2.57 [1.66-3.96] (<0.001) 
 

2.42 [1.63-3.59] (<0.001) 
 

2.82 [1.85-4.30] (<0.001) 
 

2.45 [1.67-3.60] (<0.001) 
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 Unadjusted IRR 
 [95% CI] (p-value)  

Primary model- 
Adjusted IRR [95% CI]  

(p-value) 
(n=3177) 

Sensitivity model 1- 
Adjusted IRR [95% CI]  

(p-value) 
(n=5044) 

Sensitivity model 2- 
Adjusted IRR [95% CI]  (p-

value) 
(n=3177) 

Sensitivity model 3- 
Adjusted IRR [95% CI]  

(p-value) 
(n=4688) 

ALLERGIC DISEASE  
Eczema in first two years of life  
(yes vs no) 

3.52 [2.68-4.63] (<0.001) 1.36 [0.94-1.97] (0.105) 
 

1.77 [1.32-2.38] (<0.001) 
 

 1.39 [0.95-2.01] (0.086) 
 

1.90 [1.22-4.63] (<0.001) 
 

 
IRR- Incidence rate ratio. URTIs= Upper respiratory tract infections, LRTIs= Lower respiratory tract infections.  
 
Primary model: Includes all variables with p<0.1 in univariate analysis (gender, gestation, birth weight, birth length, Apgar score at 5 minutes, type of delivery, maternal 
allergy, maternal asthma, paternal allergy, paternal asthma, rural vs urban housing, dog ownership, day care attendance, respiratory tract infections and eczema) plus food 
allergy, variables related to feeding and smoke exposure and study centre.  
 
Sensitivity model 1: This was generated by applying backward deletion to the primary model. It includes gender, gestation, maternal asthma, paternal allergy, URTIs in the 
first year of life, LRTIs in the first and second years of life, eczema and study centre.  
 
Sensitivity model 2: Includes all variables with p<0.1 in univariate analysis (gender, gestation, birth weight, birth length, Apgar score at 5 minutes, type of delivery, 
maternal allergy, maternal asthma, paternal allergy, paternal asthma, rural vs urban housing, dog ownership, day care attendance, respiratory tract infections and eczema) 
plus food allergy and variables related to feeding and smoke exposure. 
 
Sensitivity model 3: This was generated by applying backward deletion to sensitivity model 2. It includes food allergy , breastfeeding, age at introduction of solids, mother 
smoking at one-year follow up, gender, birth weight, birth length, maternal asthma, paternal allergy, URTIs the first year of life, LRTIs in the first and second years of life 
and eczema.  
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Chapter 5: UBIOPRED Results- Allergic Sensitisation and 

Allergic Disease  

5.1 Participants 

5.1.1 Paediatric Participants   

As outlined in Figure 6, 298 children with asthma or wheeze were screened to recruit 282 

participants. Of these, 99 had severe asthma, 49 had mild to moderate asthma, 81 had severe 

preschool wheeze and 54 had mild to moderate wheeze. The number of participants in each 

cohort with data available for analysis is outlined in Figure 6.  

 

 

Figure 6 Consort Diagram for Paediatric UBIOPRED Participants  

5.1.2 Adult Participants 

Figure 7 shows that of 730 adults screened, 611 were enrolled in the study. This included 101 

healthy controls, who were not included in this analysis.  Of the 509 participants with asthma, 311 

were non-smokers with severe asthma, 110 were current smokers or ex-smokers with severe 

asthma and 88 were non-smokers with mild to moderate asthma.  
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Figure 7 Consort Diagram for Adult UBIOPRED Participants  

5.1.3 Baseline Characteristics of Participants in the Severe Cohorts  

In the severe school aged asthma and smoking/ex-smoking adult cohorts, there were 

approximately equal numbers of males and females. In the severe preschool wheeze cohort, 

there were however more males (64.9%) and in the non-smoking adult cohort, there were more 

females (65.8%). The proportion of Caucasian participants was higher in the severe adult cohorts 

when compared to the severe paediatric cohorts. Most adult participants with severe disease 

were diagnosed in adult life (mean age of diagnosis 24.0 years for non-smokers and 33.6 years for 

smokers/ex-smokers). The proportion of participants admitted to ICU ever or in the past year was 

similar between the severe cohorts. However, the mean number of exacerbations in the past year 

was higher in preschool and school aged participants (3.9 in both groups compared to 2.5 and 2.6 

in non-smoking adults and smokers/ex-smokers, respectively).  Symptom triggers also differed 

between cohorts. Respiratory infections were a trigger in the majority of participants, particularly 

those with preschool wheeze (100%) and school aged participants with asthma (95%). Pollens and 

pets were more frequently a trigger for exacerbations in school aged participants.  FEV1 % 

predicted was lower in adults (mean 67.5 in non-smokers and 67.2 in smokers/ex-smokers) 

compared to preschool participants (mean 104.3) and school aged participants (mean 88.7) (Table 

15).  
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5.1.4 Baseline Characteristics of Participants in the Mild to Moderate Cohorts  

The proportion of female participants did not differ significantly between cohorts. There were, 

however, fewer Caucasian participants in the school aged cohort (74%) compared to the 

preschool (89%) and adult (93%) cohorts.  The mean age of diagnosis for adult participants was 

19.9 years. Once again, the proportion of participants admitted to ICU ever or on the past year did 

not differ between cohorts. Respiratory infections were a reported symptom trigger in 100% of 

preschool participants and 98% of school aged participants compared to only 70% of adults.  As in 

the severe cohorts, pollens and pets were a more common symptom trigger in school aged 

participants with exercise being the most common trigger in adults (65%).  FEV1 % predicted did 

not differ between the cohorts but the mean FEV1/FVC ratio was lower in adults (0.72 compared 

to 0.89 in preschool children and 0.80 in school aged children) (Table 15).  
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Table 15 Demographic Details and Asthma History of UBIOPRED Participants 

 Severe Cohorts Mild to Moderate Cohorts 
Preschool 

children (SW) 
School aged 
children (SA) 

Non-smoking 
adults (SAn) 

Smokers and 
ex-smokers 

(SAs/ex) p-value 

Preschool 
children (SW) 

School aged 
children  

(SA) 

Non-smoking 
adults  
(SAn) p-value 

n 77 97 311 110 54 43 88 
Demographic details    
Female 27/77  

(35.1) 
46/97 
 (47.4) 

205/311 
(65.9) 

56/110  
(50.9) 

<0.001 20/54 
 (37.0) 

16/43 
 (37.2) 

44/88  
(50.0) 

0.210 

Age (years) 3.56 ± 0.14 
(n=77) 

12.21 ± 0.31 
(n=97) 

51.01 ± 0.8 
(n=311) 

54.51 ± 1.08 
(n=110) 

<0.001 3.46 ± 0.16 
 (n=54) 

11.26 ± 0.48 
(n=43) 

41.66 ± 1.65 
(n=88) 

<0.001  

Caucasian  62/77 
 (80.5) 

74/97 
 (76.3) 

277/311 
(89.1) 

105/110 (95.5) <0.001 48/54  
(88.9) 

32/43  
(74.4) 

82/88  
(93.2) 

0.009 

Anthropometry   
Height (cm) 102.88 ± 1.13 

(n=76) 
152.82 ± 

1.65 (n=97) 
166.47 ± 0.01 

(n=311) 
169.21 ± 0.03  

(n=110) 
<0.001 103.62 ± 1.52 

(n=53) 
148.12 ± 2.58 

(n=43) 
170.88 ± 0.04 

(n=88) 
<0.001 

 
Height z-score 1.14 ± 0.16 

(n=76) 
0.68 ± 0.34  

(n=97) 
   1.53 ± 0.18 

(n=53) 
0.58 ± 0.2 

(n=43) 
  

Weight (kg) 17.63 ± 0.48 
(n=77) 

51.74 ± 1.85 
(n=97) 

80.68 ± 4.58 
(n=311) 

84.80 ± 1.85 
(n=110) 

<0.001 17.27 ± 0.46 
(n=53) 

43.64 ± 2.3 
(n=43) 

75.40 ± 1.71 
(n=88) 

<0.001 

Weight z-score 0.94 ± 0.14 
(n=77) 

1.14 ± 0.21 
 (n=97) 

   0.92 ± 0.13 
(n=53) 

0.66 ± 0.19 
(n=43) 

  

BMI (kg/m2) 16.56 ± 0.25 
(n=76) 

21.52 ± 0.5 
 (n=97) 

29.11 ± 0.36 
(n=311) 

29.59 ± 0.6 
(n=110) 

<0.001 15.99 ± 0.15 
(n=53) 

19.21 ± 0.5 
(n=43) 

25.73 ± 0.47 
(n=88) 

<0.001 

BMI z-score 0.26 ± 0.15 
(n=76) 

0.99 ± 0.13  
(n=97) 

   -0.04 ± 0.1 
(n=53) 

0.56 ± 0.17 
(n=43) 
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 Severe Cohorts Mild to Moderate Cohorts 
Preschool 

children (SW) 
School aged 
children (SA) 

Non-smoking 
adults (SAn) 

Smokers and 
ex-smokers 

(SAs/ex) p-value 

Preschool 
children (SW) 

School aged 
children  

(SA) 

Non-smoking 
adults  
(SAn) p-value 

n 77 97 311 110 54 43 88 
Asthma history  
Age at 
diagnosis 
(years) 

1.74 ± 0.12 
(n=73) 

3.25 ± 0.27  
(n=93) 

23.99 ± 1.03 
(n=302) 

33.62 ± 1.82 
(n=109) 

<0.001 1.48 ± 0.13 
(n=46) 

3.78 ± 0.48 
 (n=41) 

19.89 ± 1.83 
(n=83) 

<0.001 

ICU admission 
ever 

9/77  (11.7) 9/97  (19.6) 80/307 (26.1) 18/109 (16.5) 0.056 2/54 (3.7) 4/43 (9.3) 1/86 (1.2) 0.116 

ICU admission 
in past year 

6/77 (7.8) 5/97 (5.2) 13/310 (4.2) 4/110 (3.6) 0.802 2/54 (3.7) 1/43 (2.3) 0/88 (0.0) 0.217 

Number of 
exacerbations 
in previous year 

3.91 ± 0.36 
(n=77) 

3.87 ± 0.27 
 (n=97) 

2.48 ± 0.13 
(n=310) 

2.55 ± 0.26 
(n=110) 

<0.001 1.83 ± 0.36 
(n=54) 

1.05 ± 0.21 
 (n=43) 

0.38 ± 0.08 
(n=88) 

<0.001 

Reported triggers for respiratory symptoms  
Respiratory 
infections 

77/77 
(100.0) 

91/96 
(94.8) 

271/304 
 (89.1) 

92/110 
(83.6) 

0.001 53/53 
(100.0) 

41/42 
(97.6) 

59/84 
(70.2) 

<0.001 

Pets 14/60 
(23.3) 

62/92 
(67.4) 

139/287 
 (48.4) 

34/105 
(32.4) 

<0.001 11/49 
(22.4) 

29/38 
(76.3) 

42/83 
(50.6) 

<0.001 

Exercise 58/74 
(78.4) 

86/96 
(89.6) 

239/288 
 (83.0) 

86/106 
(81.1) 

0.226 20/51 
(39.2) 

33/42 
(19.0) 

54/83 
(65.1) 

<0.001 

Cold air 61/72 
(84.7) 

79/97 
(81.4) 

237/304 
 (78.0) 

53/104 
(51.0) 

<0.001 24/53 
(45.3) 

24/42 
(57.1) 

50/84 
(59.5) 

0.248 

Air pollutants 18/55 
(32.7) 

55/85 
(64.7) 

199/291 
 (68.4) 

67/103 
(65.0) 

<0.001 5/47 
(10.6) 

17/37 
(45.9) 

39/80 
(48.8) 

<0.001 
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 Severe Cohorts Mild to Moderate Cohorts 
Preschool 

children (SW) 
School aged 
children (SA) 

Non-smoking 
adults (SAn) 

Smokers and 
ex-smokers 

(SAs/ex) p-value 

Preschool 
children (SW) 

School aged 
children  

(SA) 

Non-smoking 
adults  
(SAn) p-value 

n 77 97 311 110 54 43 88 
Stress 24/63 

(38.1) 
55/92 
(59.8) 

168/295 
 (56.9) 

56/105 
(53.3) 

0.034 5/51 
(9.8) 

18/43 
(41.9) 

25/85 
(29.4) 

0.002 

Pollens 34/65 
(52.3) 

76/93 
 (81.7) 

184/293 
 (62.8) 

49/105 
(46.7) 

<0.001 9/49 
(18.4) 

31/42 
(73.8) 

48/82 
(58.5) 

<0.001 

Spirometry  
FEV1 % 
predicted  

104.34 ± 3.21 
(n=19) 

88.68 ± 2.15 
(n=96) 

67.5 ± 1.26 
(n=308) 

67.21 ± 1.84 
(n=110) 

<0.001 99.23 ± 5.29  
(n=10) 

93.51 ± 2.47 
(n=42) 

89.48 ± 1.86 
(n=87) 

0.145 

FEV1 z-score 0.33 ± 0.24 
(n=19) 

-0.92 ± 0.18 
(n=96) 

   -0.03 ± 0.4 
(n=10) 

-0.53 ± 0.2 
(n=42) 

  

FVC % 
predicted  

107.99 ± 3.5 
(n=19) 

102.15 ± 
1.65 (n=96) 

87.22 ± 1.12 
(n=308) 

89.72 ± 1.74 
(n=110) 

<0.001 
 

103.54 ± 5.23 
(n=10) 

104.45 ± 2.02 
(n=42) 

104.45 ± 2.02 
(n=87)  

0.987 

FVC z-score  0.55 ± 0.25 
(n=19) 

0.16 ± 0.14 
 (n=96) 

   0.25 ± 0.38 
(n=10) 

0.37 ± 0.17 
(n=42) 

  

FEV1/FVC ratio  0.91 ± 0.02 
(n=19) 

0.77 ± 0.01 
 (n=96) 

0.64 ± 0.01 
(n=308) 

0.61 ± 0.01 
(n=110) 

<0.001 0.89 ± 0.02  
(n=10) 

0.80 ± 0.02  
(n=42) 

0.72 ± 0.01 
(n=87) 

<0.001 

 
Data are presented as n/N (%) or mean ± SE (n). p-value were calculated using the Chi-squared test for categorical data or the one-way ANOVA test for continuous data.  
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5.2 Allergic Diseases 

5.2.1 Allergic Diseases in the Severe Cohorts  

The prevalence of diagnosed eczema was highest in school aged children at 79% compared to 57% 

in preschool children, 35% in non-smoking adults and 29% in adult smokers/ex-smokers. Of those 

with eczema, the proportion of participants whose eczema was currently active did not differ 

significantly between cohorts.  The majority of preschool and school aged children with eczema 

were diagnosed in the first two years of life (83% and 63%, respectively), compared to only 23% of 

non-smoking adults and 11% of smokers/ex-smokers.  50% of smokers/ex-smokers and 43% of 

non-smokers developed eczema in adulthood. Allergic rhinitis was most prevalent in school aged 

children (64%) and least prevalent in preschool children (32%). A diagnosis of hay fever was also 

more common in school aged children (81% compared to 44% in the preschool children, 45% in 

non-smoking adults and 48% in smokers/ex-smokers). The prevalence of active hay fever was 

higher in both preschool and school aged children (89% and 92%, respectively) compared to non-

smoking adults (70%) and smokers/ex-smokers (68%). In the severe paediatric cohorts most cases 

of allergic rhinitis and hay fever were diagnosed over the age of 2 years.  Amongst adult 

smokers/ex-smokers with severe asthma, the majority of cases of allergic rhinitis and hay fever 

were diagnosed in adulthood (63% and 57%, respectively) (Table 16 and Figure 8).   

5.2.2 Allergic Diseases in the Mild to Moderate Cohorts   

The prevalence of diagnosed eczema was higher in preschool children and school aged children 

(59% and 65%, respectively) than non-smoking adults (29%).  For hay fever, the highest 

prevalence was seen in school aged children (71%) followed by non-smoking adults (51%) and 

preschool children (22%). A similar pattern was seen for allergic rhinitis. The proportion of 

participants with active eczema or hay fever did not differ significantly between cohorts. Active 

allergic rhinitis was, however, more common amongst school aged children than preschool 

children and non-smoking adults (94% versus 77% and 79%, respectively).  Similar to the severe 

cohorts, the majority of preschool and school aged children with eczema, developed this in the 

first two years of life (91% and 82%, respectively). Most children in the mild to moderate wheeze 

and mild to moderate asthma cohorts with allergic rhinitis or hay fever were, however, diagnosed 

in later childhood.  Amongst non-smoking adults with mild to moderate asthma, similar numbers 

were diagnosed with hay fever or allergic rhinitis between the ages of 2 and 17 years and in 

adulthood (54% vs 46% for hay fever) (Table 17 and Figure 9).  
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Table 16 Prevalence of Allergic Diseases in the Severe UBIOPRED Cohorts 

 Preschool children  
(SW) 

School aged children  
(SA) 

Non-smoking adults  
(SAn) 

Smokers and ex-smokers 
(SAs/ex) 

p-value 

n 77 97 311 110 

Eczema 

Diagnosed 42/74 (56.7) 77/97 (79.4) 107/308 (34.7) 31/108 (28.7) <0.001 

Currently active 31/38 (81.6) 49/76 (64.4) 57/100 (57.0) 18/29 (62.1) 0.064 

Age of onset (years) 

o Less than 2  35/42 (83.3) 48/76 (63.2) 22/98 (22.5) 3/28 (10.7) 

<0.001 o 2 to 17  7/42 (16.7) 28/76 (36.8) 33/98 (33.7) 11/28 (39.3) 

o 18 or more NA NA 43/98 (43.9) 14/28 (50.0) 

Allergic rhinitis 

Diagnosed 22/69 (31.9) 61/95 (64.2) 164/291 (56.4) 44/108 (40.7) <0.001 

Currently active 20/22 (90.9) 57/60 (95.0) 122/157 (77.7) 35/43 (81.4) 0.016 

Age of onset (years) 

o Less than 2  7/22 (31.8) 8/60 (13.3) 4/154 (2.6) 0/40 (0.0) 

<0.001 o 2 to 17  15/22 (68.2) 52/60 (88.7) 71/154 (46.1) 15/40 (37.5) 

o 18 or more NA NA 79/154 (51.3) 25/40 (62.5) 

Hay fever 

Diagnosed 30/68 (44.1) 75/93 (80.7) 135/298 (45.3) 51/107 (47.7) <0.001 

Currently active 25/28 (89.3) 67/73 (91.8) 92/132 (69.7) 34/51 (66.7) <0.001 

Age of onset (years) 

o Less than 2  11/30 (36.7) 7/74 (9.5) 7/127 (5.5) 2/49 (4.1) 

<0.001 o 2 to 17  19/30 (63.3) 67/74 (90.5) 74/127 (58.3) 19/49 (38.8) 

o 18 or more NA NA 46/127 (36.2) 28/49 (57.1)  

Data are presented as n/N (%). p-values were calculated using the Chi-squared test.  
The denominators and hence percentages for diagnosed eczema, allergic rhinitis and hay fever differ from those reported in the baseline UBIOPRED papers142,143 due to a 
data processing error when preparing the baseline papers.  
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Figure 8 Bar Chart showing the Prevalence of Allergic Diseases in the Severe UBIOPRED Cohorts 
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Table 17 Prevalence of Allergic Diseases in the Mild to Moderate UBIOPRED Cohorts             

 Preschool children  
(MMW) 

School aged children  
(MMA) 

Non-smoking adults   
(MMAn) 

p-value 

n 54 43 88 

Eczema n/N (%) 

Diagnosed 32/54 (59.3) 28/43 (65.1) 25/87 (28.7) <0.001 

Currently active  19/31 (61.3) 19/27 (70.4) 10/24 (41.7) 0.107 

Age of onset (years)  

o Less than 2  29/32 (90.6) 23/28 (82.1) 5/24 (20.8) 

<0.001 o 2 to 17  3/32 (9.4) 5/28 (17.9) 11/24 (45.8) 

o 18 or more NA NA 8/24 (33.3) 

Allergic rhinitis n/N (%) 

Diagnosed 13/50 (26.0) 33/43 (76.7) 46/85 (54.1) <0.001 

Currently active  10/13 (76.9) 31/33 (93.9) 34/43 (79.1) 0.002 

Age of onset (years)  

o Less than 2  4/12 (33.3) 3/32 (9.4) 1/44 (2.3) 

<0.001 o 2 to 17  8/12 (66.6) 29/32 (90.6) 25/44 (56.8) 

o 18 or more NA NA 18/44 (40.9) 

Hay fever n/N (%) 

Diagnosed 11/51 (21.6) 29/41 (70.7) 42/82 (51.2) <0.001 

Currently active 10/11 (90.9) 29/29 (100.0) 28/41 (68.3) 0.155 

Age of onset (years)  

o Less than 2  2/10 (20.0) 5/29 (17.2) 0/37 (0.0) 

<0.001 o 2 to 17  8/10 (80.0) 24/29 (82.8) 20/37 (54.0) 

o 18 or more NA NA 17/37 (46.0) 

Data are presented as n/N (%). p-values were calculated using the Chi-squared test.  
The denominators and hence percentages for diagnosed eczema, allergic rhinitis and hay fever differ from those reported in the baseline UBIOPRED 
papers142,143 due to a data processing error when preparing the baseline papers. 
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Figure 9 Bar Chart showing the Prevalence of Allergic Diseases in the Mild to Moderate UBIOPRED Cohorts
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5.3 Food Allergy 

5.3.1 Food Allergy in the Severe Cohorts  

The prevalence of any possible food allergy ranged from 3.0% in adult smokers/ex-smokers to 

31.1% in school aged children.  The prevalence of possible food allergy was significantly higher in 

the severe school aged cohort than in all of the other severe cohorts but there were no significant 

differences between the other cohorts. When higher SPT and IgE cut-off values were used (to 

define highly likely allergy), this was also the case. The prevalence of highly likely allergy was 

16.7% in school aged participants compared to 3.0% in non-smoking adults, 2.9% in preschool 

children and 2.0% in adult smokers/ex-smokers (p<0.001).  The most common food allergy in all 

cohorts was peanut followed by tree nuts, egg and milk.  For all of these foods, the prevalences of 

both possible allergy and highly likely allergy were significantly higher in the school aged cohort 

than the other cohorts. Higher prevalences of egg and milk allergy were also observed in 

preschool children compared to non-smoking adults (4.0 vs 0.7%, p=0.025 for possible milk allergy 

and 4.0 vs 0.3%, p0.005 for possible egg allergy) (Table 18, Table 19 and Figure 10).  The skin prick 

test and specific IgE results of participants from the severe cohorts with food allergy can be found 

in tables 22-25.  

5.3.2 Food Allergy in the Mild to Moderate Cohorts  

Once again, the prevalence of food allergy was highest in school aged participants. The prevalence 

of any possible allergy was significantly higher in the school aged cohort compared to the non-

smoking adult cohort (29.3 vs 6.1%, p<0.001) whilst the prevalence of highly likely food allergy 

was higher in the school aged cohort compared to both other cohorts.  As for the severe cohorts, 

peanut and tree nut allergies were most common. For peanut, tree nuts and egg, the prevalence 

of allergy (possible and highly likely) was higher in school aged children compared to non-smoking 

adults. With the exception of highly likely tree nut allergy (0 vs 10%), there were however no 

significant differences between preschool and school aged children (Table 20, Table 21 and   

Figure 11).  The skin prick test and specific IgE results of participants from the mild to moderate 

cohorts with food allergy can be found in tables 26-28.  
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Table 18 Prevalence of Food Allergy in the Severe UBIOPRED Cohorts 

 Preschool children  
(SW) 

School aged children 
(SA) 

Non-smoking adults 
(SAn) 

Smokers and ex-smokers 
(SAs/ex) p-value 

n 77 97 311 110 

ANY FOOD ALLERGY 

Possible allergy 7/70 (10.0) 28/90 (31.1) 25/265 (9.4) 3/100 (3.0) <0.001 

Highly likely  allergy 2/70 (2.9) 15/90 (16.7) 8/265 (3.0) 2/100 (2.0) <0.001 

Peanut allergy  

History of symptoms 5/76 (6.6) 21/97 (21.7) 33/308 (10.7) 4/109 (3.7) <0.001 

Doctor diagnosis 5/5 (100.0) 21/21 (100.0) 18/26 (69.2) 1/3 (33.3) 0.004 

Age of onset (years)  

o Less than 2  3/5 (60.0) 4/21 (19.1) 4/30 (13.3) 0/4 (0.0) 

<0.001 o 2 to 17  2/5 (40.0) 17/21 (81.0) 10/30 (33.3) 1/4 (25.0) 

o 18 or more NA NA 16/30 (53.3) 3/4 (75.0) 

Evidence of sensitisation 6/19 (31.6) 24/34 (70.6) 11/31 (35.5) 1/4 (25.0) 0.008 

Possible allergy 4/75 (5.3) 14/92 (15.2) 10/304 (3.3) 1/109 (0.9) <0.001 

Highly likely allergy 2/75 (2.7) 10/92 (10.9) 2/304 (0.7) 1/109 (0.9) <0.001 

Tree nut allergy  

History of symptoms 5/76 (6.6) 17/93 (18.3) 31/305 (10.2) 1/109 (0.9) <0.001 

Doctor diagnosis 4/4 (100.0) 16/16 (100.0) 16/23 (69.6) - 0.026 

Age of onset (years) 

o Less than 2 3/5 (60.0) 4/17 (23.5) 3/27 (11.1) 0/1 (0.0) 

0.002 o 2 to 17 2/5 (40.0) 13/17 (76.5) 10/27 (37.0) 1/1 (100.0) 

o 18 or more NA NA 14/27 (51.9) 0/0 (0.0) 

Evidence of sensitisation 4/4 (100.0) 16/17 (94.1) 20/40 (50.0) 1/5 (20.0) 0.001 

Possible allergy 3/74 (4.1) 12/89 (13.5) 18/299 (6.0) 0/108 (0.0) 0.001 

Highly likely allergy 1/74 (1.4) 8/89 (9.0) 6/299 (2.0) 0/108 (0.0) <0.001 
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 Preschool children  
(SW) 

School aged children 
(SA) 

Non-smoking adults 
(SAn) 

Smokers and ex-smokers 
(SAs/ex) p-value 

n 77 97 311 110 
Milk allergy 

History of symptoms 6/76 (7.9) 17/96 (17.7) 14/304 (4.6) 6/110 (5.5) <0.001 

Doctor diagnosis 4/5 (80.0) 16/17 (94.1) 7/9 (77.8) 4/4 (100.0) 0.488 

Age of onset (years) 

o Less than 2 5/6 (83.3) 9/17 (52.9) 2/14 (14.3) 0/6 (0.0) 

0.001 o 2 to 17  1/6 (16.7) 8/17 (47.1) 5/14 (35.7) 2/6 (33.3) 

o 18 or more NA NA 7/14 (50.0) 4/6 (66.6) 

Evidence of sensitisation 9/28 (32.1) 14/34 (41.2) 2/15 (13.3) 1/5 (20.0) 0.254 

Possible allergy 3/76 (4.0) 8/94 (8.5) 2/303 (0.7) 1/109 (0.9) <0.001 

Highly likely allergy 0/76 (0.0) 2/94 (2.1) 0/303 (0.0) 1/110 (0.9) 0.070 

Egg allergy 

History of symptoms 6/77 (7.8) 15/96 (15.6) 9/308 (2.9) 4/108 (3.7) <0.001 

Doctor diagnosis 6/6 (100.0) 14/14 (100.0) 5/6 (83.3) 3/3 (100.0) 0.265 

Age of onset (years) 

o Less than 2 5/6 (83.3) 8/15 (53.3) 1/8 (12.5) 0/4 (0.0) 

0.012 o 2 to 17  1/6 (16.7) 7/15 (46.7) 4/8 (50.0) 2/4 (50.0) 

o 18 or more NA NA 3/8 (37.5) 2/4 (50.0) 

Evidence of sensitisation 4/20 (20.0) 15/30 (50.0) 1/9 (11.1) 1/3 (33.3) 0.063 

Possible allergy 3/75 (4.0) 9.92 (9.8) 1/306 (0.3) 1/107 (0.9) <0.001 

Highly likely allergy 1/75 (1.3) 2/92 (2.2) 0/306 (0.0) 0/107 (0.0) 0.045 
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 Preschool children  
(SW) 

School aged children 
(SA) 

Non-smoking adults 
(SAn) 

Smokers and ex-smokers 
(SAs/ex) p-value 

n 77 97 311 110 
Fish allergy 

History of symptoms 2/77 (2.6) 2/97 (2.1) 11/307 (3.6) 1/110 (0.9) 0.493 

Doctor diagnosis 2/2 (100.0) 2/2 (100.0) 4/7 (57.1) 1/1 (100.0) 0.414 

Age of onset (years) 

o Less than 2 1/2 (50.0) 0/2 (0.0) 1/10 (10.0) 0/1 (0.0) 

0.072 o 2 to 17  1/2 (50.0) 2/2 (100.0) 1/10  (10.0) 0/1 (0.0) 

o 18 or more NA NA 8/10 (80.0) 1/1 (0.0) 

Evidence of sensitisation 0/0 (0.0) 1/1 (100.0) 1/10 (10.0) 0/1 (0.0) 0.063 

Possible allergy 0/75 (0.0) 1/96 (1.0) 1/305 (0.3) 0/110 (0.0) 0.786 

Highly likely allergy  0/75 (0.0) 0/96 (0.0) 1/305 (0.3) 0/110 (0.0) 0.820 

Shell fish allergy 

History of symptoms 0/74 (0.0) 6/93 (6.5) 15/303 (5.0) 5/109 (4.6) 0.215 

Doctor diagnosis NA 6/6 (100.0) 7/12 (58.3) 2/5 (40.0) 0.088 

Age of onset (years)  

o Less than 2  NA 0/0 (0.0) 1/13 (7.7) 0/5 (0.0) 

0.036  o 2 to 17  NA 6/6 (100.0) 3/13 (23.1) 2/5 (40.0) 

o 18 or more NA NA 9/13 (69.2) 3/5 (60.0) 

Evidence of sensitisation 0/0 (0.0) 1/3 (33.3) 3/16 (18.8) 0/4 (0.0) 0.498 

Possible allergy 0/74 (0.0) 1/90 (1.1) 3/300 (1.0) 0/108 (0.0) 0.595 

Highly likely allergy 0/74 (0.0) 1/90 (1.1) 0/300 (0.0) 0/108 (0.0) 0.147 

      

      

      

      

      

      



Chapter 5 

116 

 Preschool children  
(SW) 

School aged children 
(SA) 

Non-smoking adults 
(SAn) 

Smokers and ex-smokers 
(SAs/ex) p-value 

n 77 97 311 110 
OTHER FOOD ALLERGIES * 

Possible allergy 2/71 (2.8) 9/90 (10.0) 2/278 (0.7) 1/104 (1.0) <0.001 

Highly likely  allergy 0/71 (0.0) 3/90 (3.3) 1/278 (0.4) 0/104 (0.0) 0.017 

 
Data are presented as n/N (%). p-values were calculated using the Chi-squared test.  
Symptoms of food allergy refers to symptoms of urticaria, angioedema, pruritus, throat tightness, stridor, chest tightness or wheeze within two hours of contact with 
food.  
Sensitisation is defined as a positive skin prick test (≥3mm wheal) or a positive specific IgE (≥ 0.35 kU/l).  
Possible food allergy is defined as symptoms of food allergy plus evidence of sensitisation.  
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm skin prick test wheal or a specific IgE level ≥ 10.0 kU/l.  
*Foods include wheat, soy, kiwi, sesame, celery, thyme and chocolate. 
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Table 19 Pairwise Comparisons of Food Allergy Prevalence in the Severe UBIOPRED Cohorts 

 SW vs SA SW vs  SAn SW vs SAs/ex SA vs SAn SA vs SAs/ex SAn vs SAs/ex 
Possible food allergy 
Any food 10.0 vs 31.1 (0.001) 10.0 vs 9.4 (0.886) 10.0 vs 3.0 (0.056) 31.1 vs 9.4 (<0.001) 31.1 vs 3.0 (<0.001) 9.4 vs 3.0 (0.039) 
Peanut 5.3 vs 15.2 (0.040) 5.3 vs 3.3 (0.401) 5.3 vs 0.9 (0.070) 15.2 vs 3.3 (<0.001) 15.2 vs 0.9 (<0.001) 3.3 vs 0.9 (0.187) 
Tree nuts 4.1 vs 13.5 (0.038) 4.1 vs 6.1 (0.511) 4.1 vs 0.0 (0.035) 13.5 vs 6.0 (0.021) 13.5 vs 0.0 (<0.001) 6.0 vs 0.0 (0.009) 
Milk 4.0 vs 8.5 (0.229) 4.0 vs 0.7 (0.025) 4.0 vs 0.9 (0.163) 8.5 vs 0.7 (<0.001) 8.5 vs 0.9 (0.009) 0.7 vs 0.9 (0.786) 
Egg 4.0 vs 9.8 (0.150) 4.0 vs 0.3 (0.005) 4.0 vs 0.9 (0.165) 9.8 vs 0.3 (<0.001) 9.8 vs 0.9 (0.004) 0.3 vs 0.9 (0.436) 
Fish 0.0 vs 1.0 (0.375) 0.0 vs 0.3 (0.620) 0.0 vs 0.0  1.0 vs 0.3 (0.387) 1.0 vs 0.0 (0.283) 0.3 vs 0.0 (0.548) 
Shell fish 0.0 vs 1.1 (0.363) 0.0 vs 1.0 (0.388) 0.0 vs 0.0  1.1 vs 1.0 (0.927) 1.1 vs 0.0 (0.272) 1.0 vs 0.0 (0.297) 
Highly likely food allergy 
Any food 2.9 vs 16.7 (0.005) 2.9 vs 3.0 (0.944) 2.9 vs 2.0 (0.717) 16.7 vs 3.0 (<0.001) 16.7 vs 2.0 (<0.001) 3.0 vs 2.0 (0.595) 
Peanut 2.7 vs 10.9 (0.041) 2.7 vs 0.7 (0.127) 2.7 vs 0.9 (0.357) 10.9 vs 0.7 (<0.001) 10.9 vs 0.9 (0.002) 0.7 vs 0.9 (0.784) 
Tree nuts 1.4 vs 9.0 (0.034) 1.4 vs 2.0 (0.710) 1.4  vs 0.0 (0.226) 9.0 vs 2.0 (0.002) 9.0 vs 0.0 (0.001) 2.0 vs 0.0 (0.138) 
Milk 0.0 vs 2.1 (0.201) 0.0 vs 0.0  0.0 vs 0.9 (0.402) 2.1 vs 0.0 (0.011) 2.1 vs 0.9 (0.476) 0.0 vs 0.9 (0.095) 
Egg 1.3 vs 2.2 (0.684) 1.3 vs 0.0 (0.043) 1.3 vs 0.0 (0.231) 2.2 vs 0.0 (0.010) 2.2 vs 0.0 (0.125) 0.0 vs  0.0 
Fish 0.0 vs 0.0 0.0 vs 0.3 (0.620) 0.0 vs 0.0  0.0 vs 0.3 (0.574) 0.0 vs 0.0  0.3 vs 0.0 (0.548) 
Shell fish 0.0 vs 1.1 (0.363) 0.0 vs 0.0  0.0 vs 0.0  1.1 vs 0.0 (0.068) 1.1 vs 0.0 (0.272) 0.0 vs 0.0 

 
Values represent percentages (p-value).  
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Figure 10 Bar Chart showing the Prevalence of Food Allergy in the Severe UBIOPRED Cohorts 
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Table 20 Prevalence of Food Allergy in the Mild to Moderate UBIOPRED Cohorts 

 Preschool children  
(MMW) 

School aged children  
(MMA) 

Non-smoking adults   
(MMAn) 

p-value 

n 54 43 88 

ANY FOOD ALLERGY 

Possible food allergy 8/48 (16.7) 12/41 (29.3) 5/82 (6.1) 0.003 

Highly likely  food allergy 2/48 (4.2) 8/41 (19.5) 1/82 (1.2) <0.001 

Peanut allergy 

History of symptoms 8/54 (14.8) 11/43 (25.6) 5/88 (5.7)  

Doctor diagnosis 7/8 (87.5) 10/11 (90.9) 4/5 (80.0) 0.829 

Age of onset (years) 

o Less than 2  4/8 (50.0) 2/10 (20.0) 0/5 (0.0) 

0.026 o 2 to 17  4/8 (50.0) 8/10 (80.0) 3/5 (60.0) 

o 18 or more NA NA  

Evidence of sensitisation 9/22 (40.9) 12/15 (80.0) 1/5 (20.0) 0.020 

Possible allergy 6/52 (11.5) 8/41 (19.5) 1/88 (1.1) 0.001 

Highly likely allergy 2/52 (3.9) 6/41 (14.6) 1/88 (1.1) 0.004 

Tree nut allergy 

History of symptoms 5/51 (9.8) 7/42 (16.7) 7/88 (8.0) 0.311 

Doctor diagnosis 5/5 (100.0) 7/7 (100.0) 5/7 (71.4) 0.147 

Age of onset (years) 

o Less than 2 2/5 (40.0) 3/6 (50.0) 2/7 (28.6) 

0.448 o 2 to 17  3/5 (60.0) 3/6 (50.0) 3/7 (42.9) 

o 18 or more NA NA 2/7 (28.6) 

Evidence of sensitisation 4/4 (100.0) 8/8 (100.0) 7/10 (0.7) 0.124 

Possible allergy 2/48 (4.2) 5/40 (12.5) 5/87 (5.8) 0.258 

Highly likely allergy 0/48 (0.0) 4/40 (10.0) 1/87 (1.2) 0.008 
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 Preschool children  
(MMW) 

School aged children  
(MMA) 

Non-smoking adults   
(MMAn) 

p-value 

n 54 43 88 
Milk allergy 

History of symptoms 5/53 (9.4) 4/43 (7.0) 1/88 (1.1) 0.067 

Doctor diagnosis 4/4 (100.0) 3/3 (100.0) 1/1 (100.0) - 

Age of onset (years) 

o Less than 2  4/5 (80.0) 2/3 (66.7) 0/1 (0.0) 

0.155 o 2 to 17  1/5 (20.0) 1/3 (33.3) 1/1 (100.0) 

o 18 or more NA NA  

Evidence of sensitisation 8/24 (33.3) 7/17 (41.2) 0/1 (0.0) 0.658 

Possible allergy 2/51 (3.9) 2/42 (4.8) 0/88 (0.0) 0.139 

Highly likely allergy 1/51 (2.0) 1/42 (2.4) 0/88 (0.0) 0.377 

Egg allergy 

History of symptoms 5/53 (9.4) 5/43 (11.6) 1/88 (1.1) 0.027 

Doctor diagnosis 5/5 (100.0) 5/5 (100.0) 1/1 (100.0) - 

Age of onset (years) 

o Less than 2  4/5 (80.0) 4/4 (100.0) 1/1 (0.0) 

0.574 o 2 to 17 1/5 (20.0) 0/4 (0.0) 0/4 (0.0) 

o 18 or more NA NA  

Evidence of sensitisation 5/20 (25.0) 5/11 (45.5) 0/1 (0.0) 0.396 

Possible allergy 2/51 (3.9) 4/42 (9.5) 0/88 (0.0) 0.017 

Highly likely allergy 0/51 (0.0) 2/42 (4.8) 0/88 (0.0) 0.035 

History of symptoms 3/54 (5.6) 1/42 (2.4) 2/88 (2.3) 0.528 
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 Preschool children  
(MMW) 

School aged children  
(MMA) 

Non-smoking adults   
(MMAn) 

p-value 

n 54 43 88 
Fish allergy 

Doctor diagnosis 2/3 (66.6) 1/1 (100.0) 1/1 (100.0) 0.659 

Age of onset (years) 

o Less than 2  2/3 (66.7) 1/1 (100.0) 0/2 (0.0) 

0.384 o 2 to 17  1/3 (33.3) 0/1 (0.0) 1/2 (50.0) 

o 18 or more NA NA 1/2 (50.0) 

Evidence of sensitisation 1/1 (100.0) 1/1 (100.0) 1/2 (50.0) 0.513 

Possible allergy 1/52 (1.9) 1/42 (2.4) 1/88 (1.1) 0.858 

Highly likely allergy  0/52 (0.0) 1/42 (2.4) 0/88 (0.0) 0.187 

Shell fish allergy     

History of symptoms 1/52 (1.9) 1/39 (2.6) 1/86 (1.2) 0.223 

Doctor diagnosis 1/1 (100.0) 1/1 (100.0) 1/1 (100.0) - 

Age of onset 

o Less than 2  0/1 (0.0) 1/1 (100.0) 0/1 (0.0) - 

o 2 to 17  1/1 (100.0) 0/1 (0.0) 1/1 (100.0) 

o 18 or more NA NA  

Evidence of sensitisation 0/0 (0.0) 0/2 (0.0) 1/1 (100.0) 0.083 

Possible allergy 0/51 (0.0) 0/38 (0.0) 1/86 (1.2) 0.594 

Highly likely allergy 0/51 (0.0) 0/38 (0.0) 0/86 (0.0) - 
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 Preschool children  
(MMW) 

School aged children  
(MMA) 

Non-smoking adults   
(MMAn) 

p-value 

n 54 43 88 
OTHER FOOD ALLERGIES *     

Possible allergy 2/52 (3.9) 4/41 (9.8) 0/82 (0.0) 0.019 

Highly likely  allergy 1/52 (1.9) 0/41 (0.0) 0/82 (0.0) 0.304 

 

Data are presented as n/N (%). p-values were calculated using the Chi-squared test.  
Symptoms of food allergy refers to symptoms of urticaria, angioedema, pruritus, throat tightness, stridor, chest tightness or wheeze within two hours of contact with 
food.  
Sensitisation is defined as a positive skin prick test (≥3mm wheal) or a positive specific IgE (≥ 0.35 kU/l).  
Possible food allergy is defined as symptoms of food allergy plus evidence of sensitisation.  
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm skin prick test wheal or a specific IgE level ≥ 10.0 kU/l.  
*Foods include wheat, soy, coconut, tomato, lime and sesame. 
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Table 21 Pairwise Comparisons of Food Allergy Prevalence in the Mild to Moderate UBIOPRED Cohorts 

 MMW vs MMA MMW vs MMAn MMA vs MMAn 
Possible food allergy 
Any food 16.7 vs 29.3 (0.156) 16.7 vs 6.1 (0.053) 29.3 vs 6.1 (<0.001) 
Peanut 11.5 vs 19.5 (0.286) 11.5 vs 1.1 (0.006) 19.5 vs 1.1 (<0.001) 
Tree nuts 4.2 vs 12.5 (0.150) 4.2 vs 5.8 (0.692) 12.5 vs 5.8 (0.189) 
Milk 3.9 vs 4.8 (0.842) 3.9 vs 0.0 (0.061)  4.8 vs 0.0 (0.039) 
Egg 3.9 vs 9.5 (0.274) 3.9 vs 0.0 (0.061) 9.5 vs 0.0 (0.003) 
Fish 1.9 vs 1.1 (0.705) 2.4 vs 1.1 (0.590) 0.0 vs 0.0 
Shell fish 0.0 vs 0.0 0.0 vs 1.2 (0.440) 0.0 vs 1.2 (0.505) 
Highly likely food allergy 
Any food 4.2 vs 19.5 (0.022)  4.2 vs 1.2 (0.280) 19.5 vs 1.2 (<0.001) 
Peanut 3.9 vs 14.6 (0.065) 3.9 vs 1.1 (0.285) 14.6 vs 1.1 (0.002) 
Tree nuts 0.0 vs 10.0 (0.025) 0.0 vs 1.2 (0.453) 10.0 vs 1.2 (0.018) 
Milk 2.0 vs 2.4 (0.889) 2.0 vs 0.0 (0.187) 2.4 vs 0.0 (0.146) 
Egg  0.0 vs 4.8 (0.115) 0.0 vs 0.0  4.8 vs 0.0 (0.039) 
Fish 0.0 vs 2.4 (0.263) 0.0 vs 0.0  2.4 vs 0.0 (0.146) 

Shell fish 0.0 vs 0.0 0.0 vs 0.0 0.0 vs 0.0 

 
Values represent percentages (p-value).  
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Figure 11 Bar Chart Showing the Prevalence of Food Allergy in the Mild to Moderate UBIOPRED Cohorts
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Table 22 Details of Food Allergy Diagnostics in the Severe Preschool Wheeze Cohort 

Preschool children with severe wheeze (SW) 
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 
P_077 Peanut NA 19.0 Highly likely allergy 

Milk NA 1.1 Possible allergy 
Egg NA 100 Highly likely allergy  

     
P_090 Thyme 0 0.35 Possible allergy 
     
P_112 Egg  NA 0.52 Possible allergy 
     
P_139 Peanut NA 25.8 Highly likely allergy 

Tree nuts NA 55.9 Highly likely allergy 
Milk NA 8.27 Possible allergy 
Egg NA 8.11 Possible allergy 

     
P_187 Milk 2 0.35 Possible allergy 

Soy 1 0.35 Possible allergy 
     
P_198 Peanut 3 7.9 Possible allergy 

Tree nuts NA 5.99 Possible allergy 
     
P_268 Peanut NA 1.2 Possible allergy 

Tree nuts NA 3.13 Possible allergy  
     
NA= Not available.  
Possible food allergy is defined as symptoms of food allergy plus a ≥3mm SPT wheal or specific IgE level ≥ 
0.35kU/l.  
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm SPT wheal or specific IgE level 
≥ 10.0 kU/l. 
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Table 23 Details of Food Allergy Diagnostics in the Severe School Aged Asthma Cohort 

School aged children with severe asthma (SA) 
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 
P_006 Soy NA 1.84 Possible allergy 
     
P_007 Tree nuts 6 (hazelnut) 49.7 Highly likely allergy 
     
P_016 Peanut NA 2.59 Possible allergy 

Tree nuts NA 47.3 Highly likely allergy 
Sesame NA 32.7 Highly likely allergy 

     
P_021 Peanut 0 1.12 Possible allergy 

Tree nuts NA 0.37 Possible allergy 
     
P_029 Shellfish NA 16.1 Highly likely allergy 
     
P_045 Milk NA 7.8 Possible allergy 

Egg NA 0.4 Possible allergy 
     
P_055 Peanut NA 25.3 Highly likely allergy 

Tree nuts NA 65.5 Highly likely allergy 
Egg NA 4.61 Possible allergy 
Soy NA 0.92 Possible allergy 

     
P_079 Soy NA 1.47 Possible allergy 
     
P_086 Peanut 10 41.7 Highly likely allergy 

Celery NA 65 Highly likely allergy  
     
P_101 Peanut NA 1.84 Possible allergy 
     
P_109 Tree nuts 9 (hazelnut) NA Highly likely allergy  
     
P_114 Egg NA 1.7 Possible allergy 
     
P_126 Egg NA 1.01 Possible allergy 
     
P_131 Peanut NA 41.1 Highly likely allergy 

Milk NA 100 Highly likely allergy 
Egg NA 57.1 Highly likely allergy 
Wheat NA 71.4 Highly likely allergy 

     
P_152 Peanut NA 77.2 Highly likely allergy 

Tree nuts 6 (hazelnut) NA Highly likely allergy 
Fish NA 4.2 Possible allergy 
Milk NA 28 Highly likely allergy 

     
P_154 Milk NA 0.41 Possible allergy 
     
P_166 Peanut NA 3.52 Possible allergy 

Tree nuts NA 18.6 Highly likely allergy 



Chapter 5 

127 

School aged children with severe asthma (SA) 
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 

Egg NA 0.65 Possible allergy 
Sesame NA 1.45 Possible allergy 

     
P_174 Peanut NA 21.0 Highly likely allergy 

Tree nuts NA 22.8 Highly likely allergy 
     
P_176 Peanut 5 100 Highly likely allergy 
     
P_180 Peanut 6 0.64 Highly likely allergy 

Tree nuts NA 3.32 Possible allergy 
     
P_191 Milk NA 3.0 Possible allergy 

Egg NA 1.5 Possible allergy 
     
P_196 Milk 4 NA Possible allergy 
     
P_200 Egg NA 4 Possible allergy 
     
P_214 Milk NA 5.3 Possible allergy 

Chocolate NA 0.4 Possible allergy 
     
P_221 Peanut NA 81.5 Highly likely allergy 

Tree nuts NA 14.7 Highly likely allergy 
Kiwi NA 6.31 Possible allergy 

     
P_229 Peanut 5 100 Highly likely allergy 

Milk NA 0.69 Possible allergy 
Egg NA 100 Highly likely allergy 

     
P_230 Tree nuts NA 4.32 Possible allergy 
   

 
  

P_259 Peanut 9 11.9 Highly likely allergy  
Tree nuts NA 8.51 Possible allergy 

     
NA= Not available.  
Possible food allergy is defined as symptoms of food allergy plus a ≥3mm SPT wheal or specific IgE level ≥ 
0.35kU/l.  
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm SPT wheal or specific IgE 
level ≥ 10.0 kU/l.  
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Table 24 Details of Food Allergy Diagnostics in Non-smoking Adults with Severe Asthma 

Non-smoking adults with severe asthma (SAn) 
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 
A_045
  

Milk NA 7.48 Possible food allergy 
Wheat NA 25 Highly likely allergy 

     
A_064 Tree nuts NA 2.04 Possible allergy 
     
A_072 Tree nuts NA 8.04 Possible allergy 
     
A_098 Peanut NA 1.74 Possible allergy 

Tree nuts NA 35.7 Highly likely allergy 
     
A_107 Tree nuts NA 5.37 Possible allergy 

Kiwi NA 0.5 Possible allergy 
     
A_110 Peanut NA 0.95 Possible allergy 

Tree nuts NA 17.1 Highly likely allergy 
Fish NA 11.2 Highly likely allergy 
Shellfish NA 7.59 Possible allergy  

     
A_149 Tree nuts NA 15.1 Highly likely allergy 
     
A_157 Egg NA 0.37 Possible allergy 
     
A_191 Tree nuts NA 0.63 Possible allergy 
     
A_192 Tree nuts NA 0.41 Possible allergy 
     
A_214 Peanut NA 1.22 Possible allergy 

Tree nuts NA 9.09 Possible allergy 
Shellfish NA 3.65 Possible allergy 

     
A_275 Peanut NA 1.57 Possible allergy 

Tree nuts NA 0.46 Possible allergy 
     
A_317 Tree nuts NA 0.69 Possible allergy 
     
A_403 Peanut NA 100 Highly likely allergy 

Tree nuts NA 100 Highly likely allergy 
     
A_466 Peanut NA 31.4 Highly likely allergy 
  

 
   

A_469 Peanut NA 0.44 Possible allergy 
Tree nuts NA 25.8 Highly likely allergy 

     
A_475 Peanut NA 1.61 Possible allergy 
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Non-smoking adults with severe asthma (SAn) 
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 
A_482 Milk NA 0.47 Possible allergy 

Egg NA 4.18 Possible allergy 
     
A_519 Tree nuts NA 14.0 Highly likely allergy 
     
A_528 Tree nuts NA 1.93 Possible allergy 
     
A_543 Tree nuts NA 0.6 Possible allergy 
     
550 Tree nuts NA 2.68 Possible allergy 
     
A_643 Peanut NA 1.4 Possible allergy 
     
A_648 Shellfish NA 1.48 Possible allergy 
     
A_698 Peanut NA 0.93 Possible allergy 

Tree nuts NA 2.3 Possible allergy 
     
NA= Not available.  
Possible food allergy is defined as symptoms of food allergy plus a ≥3mm SPT wheal or specific IgE level ≥ 
0.35kU/l.  
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm SPT wheal or specific IgE 
level ≥ 10.0 kU/l.  

 

Table 25 Details of Food Allergy Diagnostics in Smokers/Ex-smokers with Severe Asthma 

Smokers/ex-smokers with severe asthma (SAs/ex)  
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 
A_435 Peanut NA 10.3 Highly likely allergy 
     
A_488 Milk NA 10.1 Highly likely allergy 
     
A_583 Wheat NA 0.66 Possible allergy 
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Table 26 Details of Food Allergy Diagnostics in the Mild to Moderate Preschool Wheeze Cohort 

Preschool children with mild/moderate wheeze (MMW)  
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 
P_062 Tree nuts NA 1.61 Possible allergy 

Fish NA 4.21 Possible allergy 
Milk 0 0.63 Possible allergy 

     
P_115 Peanut NA 7.58 Possible allergy 
     
P_119 Lime NA 0.35 Possible allergy 
     
P_179 Peanut NA 0.48 Possible allergy 
     
P_213 Peanut NA 10.4 Highly likely allergy 

Egg NA 3.7 Possible allergy 
     
P_272 Peanut NA 70.3 Highly likely allergy 

Milk NA 36.7 Highly likely allergy 
Egg NA 9.83 Possible allergy 
Wheat NA 10.2 Highly likely allergy 

     
P_280 Peanut NA 0.44 Possible allergy 

Tree nuts NA 0.52 Possible allergy 
     
P_285 Peanut NA 1.56 Possible allergy 
 
NA= Not available.  
Possible food allergy is defined as symptoms of food allergy plus a ≥3mm SPT wheal or a specific IgE 
level ≥ 0.35kU/l.  
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm SPT wheal or a specific IgE 
level ≥ 10.0 kU/l.  
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Table 27 Details of Food Allergy Diagnostics in the Mild to Moderate School Aged Asthma 

Cohort 

School aged children with mild to moderate asthma (MMA) 
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 
P_015 Peanut NA 14.9 Highly likely allergy 

Tree nuts NA 98.6 Highly likely allergy 
Coconut NA 4.85 Possible allergy 

     
P_027 Peanut 3 6.63 Possible allergy 

Tree nuts 3 (hazelnut) 1.53 Possible allergy 
Soy NA 0.47 Possible allergy 

     
P_030 Tomato NA 0.4 Possible allergy 
     
P_072 Peanut NA 11.1 Highly likely allergy 
     
P_103 Milk NA 100 Highly likely allergy 

Egg 4 100 Highly likely allergy 
     
P_140 Peanut 8 43.6 Highly likely allergy 

Tree nuts 4 (hazelnut) 67.2 Highly likely allergy 
Sesame 4 NA Possible allergy 

     
P_185 Peanut NA 11.0 Highly likely allergy 

Tree nuts NA 10.4 Highly likely allergy 
Egg NA 6.26 Possible allergy 

     
P_195 Peanut NA 1.77 Possible allergy 

Fish NA 18.2 Highly likely allergy 
     
P_202 Peanut 11 12.2 Highly likely allergy 

Egg 4 1.62 Possible allergy 
     
P_263 Milk NA 0.52 Possible allergy 
     
P_292 Egg NA 0.61 Possible allergy 
     
P_295 Peanut NA 100 Highly likely allergy 

Tree nuts NA 100 Highly likely allergy 
 
NA= Not available.  
Possible food allergy is defined as symptoms of food allergy plus a ≥3mm SPT wheal or a specific IgE level ≥ 
0.35kU/l.  
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm SPT wheal or a specific IgE 
level ≥ 10.0 kU/l.  
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Table 28 Details of Food Allergy Diagnostics in Non-smoking Adults with Mild to Moderate 

Asthma 

Non-smoking adults with mild/moderate asthma (MMAn) 
Subject ID Food SPT wheal size (mm) Specific IgE (kU/l) Outcome 
A_023 Tree nuts NA 0.73 Possible allergy 
     
A_156 Tree nuts 3.5 (hazelnut) NA Possible allergy 
     
A_320 Tree nuts NA 1.73 Possible allergy 
     
A_362 Peanut NA 12.6 Highly likely allergy 

Tree nuts NA 33.1 Highly likely allergy 
     
A_410 Tree nuts NA 2.35 Possible allergy 

Fish NA 0.99 Possible allergy 
Shell fish NA 0.42 Possible allergy  

 
NA= Not available.  
Possible food allergy is defined as symptoms of food allergy plus a ≥3mm SPT wheal or a specific IgE level 
≥ 0.35kU/l.  
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm SPT wheal or a specific IgE 
level ≥ 10.0 kU/l.  
 
 

 

  



Chapter 5 

133 

5.4 Atopy 

5.4.1 Atopy in the Severe Cohorts 

The prevalence of atopy was significantly lower in the severe preschool wheeze cohort than all 

other severe cohorts (42.9% vs 88.8% in school aged children, 80.5% in non-smoking adults and 

66.7% in smokers/ex-smokers).  It was similar in school aged children and non-smoking adults 

(88.8 vs 80.5, p=0.073).  The prevalence of atopy in these cohorts was, however, higher than in 

the cohort consisting of adult smokers/ex-smokers with severe asthma.  The median number of 

allergens to which participants in the severe school aged asthma cohort were sensitised was 4, 

compared to 0 in the severe preschool wheeze cohort (p<0.001) and 1 in each of the other severe 

cohorts (p<0.001).  School aged children were most commonly sensitised to cat (66.7%), followed 

by house dust mite (64.4%) and grass pollen (62.9%). Amongst the other cohorts, house dust mite 

was the most common allergen to which participants were sensitised (Table 29, Table 30, Figure 

12 and Figure 13).   

5.4.2 Atopy in the Mild to Moderate cohorts   

The prevalence of atopy was the same in school aged children and non-smoking adults with mild 

to moderate asthma (89.7%). This compares to 41.7% in preschool children with mild to moderate 

wheeze (p<0.001).  On average, school aged children with mild to moderate asthma were 

sensitised to 4 allergens compared to 0 for preschool children with mild to moderate wheeze 

(p<0.001) and 3 for non-smoking adults with mild to moderate asthma (p=0.084). Similar to the 

severe school aged asthma cohort, the three most common allergens to which school aged 

children with mild to moderate asthma were sensitised were grass pollen (74.4%), house dust 

mite (70.0%) and cat (61.5%).  These were also the three most common allergens to which non-

smoking adults with mild to moderate asthma were sensitised.  Preschool children with mild to 

moderate wheeze were most commonly sensitised to cat (28.9%), dog (28.9%) and grass pollen 

(20.0%) (Table 31, Table 32, Figure 14 and Figure 15).  
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Table 29 Prevalence of Allergic Sensitisation in the Severe UBIOPRED Cohorts 

 Preschool children 
(SW) 

School aged children 
(SA) 

Non-smoking adults 
(SAn) 

Smokers and ex-smokers  
(SAs/ex) p-value 

n 77 97 311 110 
Positive skin prick test (≥3mm)  
Tree pollen 7/61 (11.5) 33/79 (41.8) 73/150 (48.7) 23/46 (50.0) <0.001 
Grass pollen  7/64 (10.9) 47/83 (56.6) 90/162 (55.6) 23/48 (47.9) <0.001 
Dog 6/64 (9.4) 43/83 (51.8) 58/122 (47.5) 16/43 (37.2) <0.001 
Cat 10/65 (15.4) 45/83 (54.2) 88/163 (54.0) 21/45 (46.7) <0.001 
House dust mite 16/63 (25.4) 42/83 (50.6) 102/176 (58.0) 26/51 (51.0) <0.001 
Mould 2/58 (3.5) 19/81 (23.5) 44/143 (30.8) 17/44 (38.6) <0.001 
Positive specific IgE (≥0.35 kU/l) 
Tree pollen 2/20 (10.0) 22/34 (64.7) 33/99 (33.3) 10/48 (20.8) <0.001 
Grass pollen  3/22 (13.6) 25/32 (78.1) 64/164 (39.0) 18/62 (29.0) <0.001 
Dog 3/21 (14.3) 20/27 (74.1) 57/166 (34.3) 12/54 (22.2) <0.001 
Cat 2/21 (9.5) 22/28 (78.6) 57/165 (34.6) 7/53 (13.2) <0.001 
House dust mite 9/20 (45.0) 27/34 (79.4) 79/168 (47.0) 21/60 (35.0) <0.001 
Mould 3/24 (12.5) 23/34 (67.7) 34/141 (24.1) 14/52 (26.9) <0.001 
Sensitisation * 
Tree pollen 9/65 (13.9) 45/84 (53.6) 90/208 (43.3) 28/82 (34.2) <0.001 
Grass pollen  9/69 (13.0) 56/89 (62.9) 119/260 (45.8) 32/92 (34.8) <0.001 
Dog 8/67 (11.9) 55/88 (62.5) 97/250 (38.8) 26/88 (30.0) <0.001 
Cat 11/69 (15.9) 58/87 (66.7) 114/259 (44.0) 25/86 (29.1) <0.001 
House dust mite 21/67 (31.3) 58/90 (64.4) 142/273 (52.0) 41/96 (42.7) <0.001 
Mould 5/63 (7.9) 37/87 (42.5) 68/242 (28.1) 29/88 (33.0) <0.001 
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 Preschool children 
(SW) 

School aged children 
(SA) 

Non-smoking adults 
(SAn) 

Smokers and ex-smokers  
(SAs/ex) p-value 

n 77 97 311 110 
ATOPY ** 27/63 (42.9) 79/89 (88.8) 231/287 (80.5) 66/99 (66.7) <0.001 
Median number of 
sensitisations (range) 

0 (0-5) 4 (0-6) 1 (0-6) 0.5 (0-6) <0.001 

   
*Sensitisation is defined as a positive skin prick test or positive specific IgE.  
**Atopy is defined as sensitisation to one or more of the 6 aeroallergens listed. Figures differ from the baseline paediatric and adult papers142,143 due to processing of 
additional IgE samples after publication of the baseline papers.  

 

Table 30 Pairwise Comparisons of the Prevalence of Allergic Sensitisation in the Severe UBIOPRED Cohorts 

 SW vs SA SW vs SAn SW vs SAs/ex SA vs SAn SA vs SAs/ex SAn vs SAs/ex 
Atopy  
% vs % (p-value) 

42.9 vs 88.8 
(<0.001) 

42.9 vs 80.5  
(<0.001) 

42.9 vs 66.7 
(0.003) 

88.8 vs 80.5 
(0.073) 

88.8 vs 66.7  
(<0.001) 

80.5 vs 66.7 
(0.005)  

Number of 
sensitisations 
median vs median 
(p-value) 

 
0 vs 4 

(<0.001) 

 
0 vs 1 

(<0.001) 

 
 0 vs 1  

(0.129) 

 
4 vs 1 

(<0.001) 

 
4 vs 1 

(<0.001) 

 
1 vs 1 

(0.084) 
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Figure 12 Bar Chart showing the Prevalence of Atopy in the Severe UBIOPRED 

Cohorts      

 

Figure 13 Box Plots showing the Number of Allergens to which Participants in 

the Severe UBIOPRED Cohorts were Sensitised  
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Table 31 Prevalence of Allergic Sensitisation in the Mild to Moderate UBIOPRED Cohorts 

 Preschool children 
(MMW) 

School aged children 
(MMA) 

Non-smoking adults  
(MMAn) p-value 

n 54 43 88 
Positive skin prick test (≥3mm) 
Tree pollen 4/47 (8.5) 16/34 (47.1) 23/49 (46.9) <0.001 
Grass pollen  7/47 (14.9) 26/36 (72.2) 41/63 (65.1) <0.001 
Dog 11/47 (23.4) 17/36 (47.2) 29/46 (63.0) 0.001 
Cat 13/48 (27.1) 20/36 (55.6) 44/64 (68.8) <0.001 
House dust mite 6/47 (12.8) 22/36 (61.1) 40/60 (66.7) <0.001 
Mould 1/44 (2.3) 11/35 (31.4) 16/53 (30.2) 0.001 
Positive specific IgE (≥0.35 kU/l) 
Tree pollen 4/18 (22.2) 12/16 (75.0) 14/26 (53.9) 0.008 
Grass pollen  7/17 (41.2) 13/17 (76.5) 29/39 (74.4) 0.041 
Dog 6/18 (33.3) 14/17 (82.4) 22/37 (59.5) 0.013 
Cat 8/19 (42.1) 13/16 (81.3) 21/37 (56.8) 0.062 
House dust mite 4/19 (21.1) 13/15 (88.7) 26/38 (68.4) <0.001 
Mould 3/21 (14.3) 10/14 (71.4) 10/32 (31.3) 0.002 
Sensitisation * 
Tree pollen 7/50 (14.0) 22/38 (57.9) 33/67 (49.3) <0.001 
Grass pollen  10/50 (20.0) 29/39 (74.4) 56/81 (69.1) <0.001 
Dog 15/52 (28.9) 23/39 (59.0) 47/76 (61.8) 0.001 
Cat 15/52 (28.9) 24/39 (61.5) 53/80 (66.3) <0.001 
House dust mite 8/52 (15.4) 28/40 (70.0) 53/79 (67.1) <0.001 
Mould 4/48 (8.3) 16/38 (42.1) 24/73 (32.9) 0.001 
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 Preschool children 
(MMW) 

School aged children 
(MMA) 

Non-smoking adults  
(MMAn) p-value 

n 54 43 88 
ATOPY ** 20/48 (41.7) 35/39 (89.7) 78/87 (89.7) <0.001 
Median number of 
sensitisations (range) 

0 (0-6)  4 (0-6) 3 (0-6) <0.001 

 
*Sensitisation is defined as a positive skin prick test or positive specific IgE.  
**Atopy is defined as sensitisation to one or more of the 6 aeroallergens listed. Figures differ from the baseline paediatric and adult papers142,143 due to processing of 
additional IgE samples after publication of the baseline papers. 

 

Table 32 Pairwise Comparisons of the Prevalence of Allergic Sensitisation in the Mild to Moderate UBIOPRED Cohorts 

 MMW vs MMA MMW vs MMAn MMA vs MMAn 
Atopy  
% vs % (p-value) 

41.7 vs 89.7 
(<0.001) 

41.7 vs 89.7 
(<0.001) 

89.7 vs 89.7 
(0.988) 

Number of sensitisations 
median vs median (p-value) 

0 vs 4 
(<0.001) 

0 vs 3 
(<0.001) 

4 vs 3 
(0.084) 
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Figure 14 Bar Chart showing the Prevalence of Atopy in the Mild to 

Moderate UBIOPRED Cohorts 

 

Figure 15 Box Plots showing the Number of Allergens to which 

Participants in the Mild to Moderate UBIOPRED Cohorts were 

Sensitised 
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5.5 Sensitisation versus Exposure 

5.5.1 Sensitisation versus Exposure in the Severe Cohorts  

13% of school aged participants with severe asthma were sensitised and exposed to cat compared 

to only 4% of preschool children with severe wheeze.  For dog, the equivalent figures were 15% 

and 2%.  The majority of preschool children with severe wheeze were neither exposed nor 

sensitised to cat or dog (72% for cat and 75% for dog). In adults, levels of exposure and 

sensitisation to cat and dog were higher than those for preschool children but lower than those in 

school aged children (Table 33, Figure 16 and Figure 17).  

5.5.2 Sensitisation versus Exposure in the Mild to Moderate Cohorts  

For cat, non-smoking adults with mild to moderate asthma were most likely to be sensitised and 

exposed (24%). This compares to 2% of preschool children with mild to moderate wheeze and 

10% of school aged children with mild/moderate asthma.  The prevalence of sensitisation and 

exposure to dog was, however, higher amongst school aged children with mild to moderate 

asthma (23%) than non-smoking adults with mild to moderate asthma (16%).  Similar to the 

severe cohorts, the majority of preschool children were neither sensitised nor exposed to cat or 

dog (60% for cat and 70% for dog) (Table 34Table 33, Figure 18 and Figure 19). 
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Table 33 Relationship between Pet Sensitisation and Exposure in the Severe UBIOPRED Cohorts 

 Preschool children 
(SW) 

School aged children 
(SA) 

Non-smoking adults 
(SAn) 

Smokers and ex-
smokers (SAs/ex) p-value 

Cat  
Sensitised and 
exposed 

3/69 
(4.4) 

11/87 
(12.6) 

18/257  
(7.0) 

8/86 
(9.3) 

<0.001 

Sensitised, not 
exposed 

8/69 
(11.6) 

47/87 
(54.0) 

95/257 
(37.0) 

17/86 
(19.8) 

Exposed, not 
sensitised 

8/69 
(11.6) 

2/87 
(2.3) 

24/257 
(9.3) 

10/86 
(11.6) 

Not exposed, not 
sensitised  

50/69 
(72.4) 

27/87 
(31.0) 

120/257 
(46.7) 

51/86 
(59.3) 

Dog  
Sensitised and 
exposed 

1/67 
(1.5) 

13/88 
(14.8) 

26/249 
(10.4) 

7/89 
(7.9) 

<0.001 

Sensitised, not 
exposed 

7/67 
(10.4) 

42/88 
(47.7) 

72/249 
(28.9) 

20/89 
(22.5) 

Exposed, not 
sensitised 

9/67 
(13.4) 

10/88 
(11.4) 

26/249 
(10.4) 

22/89 
(24.7) 

Not exposed, not 
sensitised  

50/67 
(74.6) 

23/88 
(26.1) 

125/249 
(50.2) 

40/89 
(44.9) 

 
Values represent n/N (%).  
Sensitisation is defined as a positive skin prick test (≥3mm) or a positive specific IgE (≥0.35 kU/l).  
Exposure refers to the presence of a cat/dog inside the home.  
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Figure 16 Bar Chart showing the Prevalence of Sensitisation and Exposure to Cat in the Severe 

UBIOPRED Cohorts 

 

 

 

 
Figure 17 Bar Chart showing the Prevalence of Sensitisation and Exposure to Dog in the Severe 

UBIOPRED Cohorts 
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Table 34 Relationship between Pet Sensitisation and Exposure in the Mild to Moderate UBIOPRED Cohorts 

 Preschool children 
(MMW) 

School aged children 
(MMA) 

Non-smoking adults 
(MMAn) 

p-value 

Cat  
Sensitised and exposed 1/52 

(1.9) 
4/39 

(10.3) 
19/80 
(23.8) 

<0.001 

Sensitised, not exposed 14/52 
(26.9) 

20/39 
(51.3) 

35/80 
(43.8) 

Exposed, not sensitised 6/52 
(11.5) 

3/39 
(7.7) 

7/80 
(8.8) 

Not exposed, not 
sensitised  

31/52 
(59.6) 

12/39 
(30.8) 

19/80 
(23.8) 

Dog  
Sensitised and exposed 1/52 

(1.9) 
9/39 

(23.1) 
12/76 
(15.8) 

<0.001 

Sensitised, not exposed 14/52 
(26.9) 

14/39 
(35.9) 

35/76 
(46.1) 

Exposed, not sensitised 0/52 
(0.0) 

4/39 
(10.3) 

5/76 
(6.6) 

Not exposed, not 
sensitised  

37/52 
(71.2) 

12/39 
(30.8) 

24/76 
(31.6) 

 
Values represent n/N (%).  
Sensitisation is defined as a positive skin prick test (≥3mm) or a positive specific IgE (≥0.35 kU/l).  
Exposure refers to the presence of a cat/dog inside the home.  
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Figure 18 Bar Chart showing the Prevalence of Sensitisation and Exposure to Cat in the Mild to 

Moderate UBIOPRED Cohorts 

 

 

Figure 19 Bar Chart showing the Prevalence of Sensitisation and Exposure to Dog in the Mild to 

Moderate UBIOPRED Cohorts 
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5.6 Comparing Participants with Severe and Mild to Moderate Disease 

When comparing the prevalence of allergic manifestations between participants of the same age 

with severe and mild to moderate disease, few significant differences were seen (Table 35 and 

Table 36).   

For preschool children, the prevalence of hay fever was higher amongst those with severe wheeze 

compared to those with mild to moderate wheeze (44 vs 26%, p=0.043). The prevalences of 

eczema, allergic rhinitis, food allergy and atopy were however similar between the two groups.  A 

higher proportion of children in the severe wheeze cohort were sensitised to house dust mite 

compared to the mild to moderate wheeze cohort (15 vs 31%, p=0.044).  Sensitisation to dog was, 

however, more common amongst children with mild to moderate wheeze (28.9% vs 11.9% for 

children with severe wheeze, p=0.021).   

For school aged children with asthma, there were no differences between those with mild to 

moderate and severe disease.   

Non-smoking adults with mild to moderate asthma were more likely to be atopic than non-

smoking adults with severe asthma (90 vs 81%, p=0.048) and smokers/ex-smokers with severe 

asthma (90 vs 67%, p=0.001). The median number of sensitisations was also higher in non-

smoking adults with mild to moderate asthma than the other adult cohorts.  Specifically, non-

smoking adults with mild to moderate asthma were more likely to be sensitised to grass pollen, 

dog, cat and house dust mite than non-smoking adults with severe asthma and smokers/ex-

smokers with severe asthma.  The prevalences of eczema, allergic rhinitis, hay fever and food 

allergy did not differ significantly between adults with severe and mild to moderate asthma.
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Table 35 Prevalence of Allergic Diseases according to Asthma/Wheeze Severity 

 Adult Asthma Cohorts School Aged Asthma Cohorts Preschool Wheeze Cohorts 

MMAn SAn p-value* SAs/ex p-value** MMA SA p-value MMW SW p-value 

Diagnosed eczema 25/87  
(28.7) 

107/308 
(34.7) 

0.294 31/108 
(28.7) 

0.996 28/43  
(65.1) 

77/97  
(79.4) 

0.072 32/54  
(59.3) 

42/74  
(56.8) 

0.777 

Diagnosed allergic 
rhinitis 

42/82  
(51.2) 

164/29 
(56.4) 

0.409 44/108 
(40.7) 

0.151 29/41  
(70.7) 

61/95  
(64.2) 

0.461 11/51  
(21.6) 

22/69  
(31.9) 

0.211 

Diagnosed hay fever 46/85  
(54.1) 

135/298 
(45.3) 

0.151 51/107 
(47.7) 

 0.374 33/43  
(76.7) 

75/93  
(80.7) 

0.601 13/50 
(26.0) 

30/68 
(44.1) 

0.043 

Possible food allergy 5/86  
(5.8) 

25/286 
(8.7) 

0.382 3/105 
(2.9) 

0.310 12/41  
(29.3) 

28/92  
(30.4) 

0.892 8/48  
(16.7) 

7/74  
(9.5) 

0.236 

Highly likely food allergy 1/86  
(1.2) 

8/286  
(2.8) 

0.387 2/105 
(1.9) 

0.682 8/41  
(19.5) 

15/92  
(16.3) 

0.651 2/48  
(4.2) 

2/74  
(2.7) 

0.657 

Atopy 78/87  
(89.7) 

231/287 
(80.5) 

0.048 66/99 
(66.6) 

<0.001 35/39  
(89.7) 

79/89  
(88.8) 

0.870 20/48 
(41.7) 

27/63 
(42.9) 

0.900 

 
Data are presented as n/N (%). p-values were calculated using the Chi-squared test. *MMAn vs SAn. **MMAn vs SAs/ex.  
 
MMAn= Non-smoking adults with mild to moderate asthma; SAn= Non-smoking adults with severe asthma; SAs/ex= Smokers and ex-smokers with severe asthma. 
MMA= School aged children with mild to moderate asthma; SA= School aged children with severe asthma; MMW= Preschool children with mild to moderate wheeze; SW= Preschool 
children with severe wheeze. 
 
Possible food allergy is defined as symptoms of food allergy plus evidence of sensitisation to the triggering food.   
Highly likely food allergy is defined as symptoms of food allergy plus a ≥5mm skin prick test wheal or a specific IgE level ≥ 10.0 kU/l.  
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Table 36 Prevalence of Allergic Sensitisation and Atopy according to Asthma/Wheeze Severity 

 Adult Asthma Cohorts School Aged Asthma Cohorts Preschool Wheeze Cohorts 

MMAn SAn p-value* SAs/ex p-value** MMA SA p-value MMW SW p-value 

Tree pollen 33/67 
(49.6) 

90/208 
(43.3) 

0.392 28/82 
(34.1) 

0.062 22/38  
(57.9) 

46/85  
(54.1) 

0.697  7/50 
(14.0) 

9/65  
(13.9) 

0.981 

Grass pollen 56/81 
(69.1) 

119/260 
(45.8) 

<0.001 32/92 
(34.8) 

<0.001 30/40  
(75.0) 

57/90  
(63.3) 

0.192 10/50 
(20.0) 

9/69  
(13.0) 

0.307 

Dog 47/76 
(61.8) 

98/251 (39.0) <0.001 27/89 
(30.3) 

<0.001 23/39  
(59.0) 

55/88  
(62.5) 

0.707 15/52 
(28.9) 

8/67  
(11.9) 

0.021 

Cat  54/81 
(66.7) 

115/260 
(44.2) 

<0.001 25/86 
(29.1) 

<0.001 24/39  
(61.5) 

58/87  
(66.7) 

0.577 15/52 
(28.9) 

11/6 
(15.9) 

0.087 

House dust mite 53/79 
(67.1) 

143/274 
(52.2) 

0.019 41/96 
(42.7) 

0.001 28/40  
(70.0) 

59/90  
(65.6) 

0.619 8/52 
 (15.4) 

21/67 
(31.3) 

0.044 

Mould 24/73 
(32.9) 

68/24 
(28.1) 

0.431 29/88 
(33.0) 

0.992 16/38 
 (42.1) 

37/87  
(42.5) 

0.965 4/48  
(8.3) 

5/63  
(7.9) 

0.940 

ATOPY 78/87  
(89.7) 

231/287 
(80.5) 

0.048 66/99 
(66.6) 

<0.001 35/39  
(89.7) 

79/89  
(88.8) 

0.870 20/48 
(41.7) 

27/63 
(42.9) 

0.900 

Median number of 
sensitisations  (range) 

3 (0-6) 1 (0-6) <0.001 0.5 (0-6) <0.001 4 (0-6) 4 (0-6) 0.924 0 (0-6) 0 (0-5) 0.635 

 
Data are presented as n/N (%) unless otherwise stated. p-values were calculated using the Chi-squared test. *MMAn vs SAn. **MMAn vs SAs/ex.  
 
MMAn= Non-smoking adults with mild to moderate asthma; SAn= Non-smoking adults with severe asthma; SAs/ex= Smokers and ex-smokers with severe asthma. 
MMA= School aged children with mild to moderate asthma; SA= School aged children with severe asthma; MMW= Preschool children with mild to moderate wheeze; SW= Preschool 
children with severe wheeze. 
 
Sensitisation is defined a positive skin prick test (≥3mm wheal) or a positive specific IgE (≥ 0.35 kU/l).  
Atopy is defined as sensitisation to one or more of the 6 aeroallergens listed. 
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Chapter 6: UBIOPRED Results- Exacerbations 

6.1 Participants  

6.1.1 Paediatric Participants  

Of the 282 paediatric participants recruited, 99 were school aged children with severe asthma 

(SA) and 81 were preschool children with severe wheeze (SW). Baseline data were available for 

analysis in 97 and 77 of these children respectively. 82% of the school aged children with severe 

asthma and 83% of preschool children with severe wheeze were followed up (Figure 20). 

 

Figure 20 Consort Diagram showing Follow up in the Severe Paediatric UBIOPRED Cohorts  

 

The baseline characteristics of all participants in the SA and SW cohorts and and the baseline 

characteristics of those who were followed up are described in Table 37.   
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Table 37 Baseline Characteristics of Children in the Severe Cohorts with and without Follow 

Up Data 

 Preschool Children with Severe wheeze 
(SW) 

School Aged Children with Severe asthma 
(SA) 

All participants Participants with 
follow up data 

All participants Participants with 
follow up data 

Demographic details 

Female 27/77 (35.1) 24/64 (37.5) 46/97 (47.4) 40/80 (50.0) 

Age (years) 3.56 ± 0.14 (n=77) 3.5 ± 0.24 (n=64) 12.21 ± 0.31 (n=97) 12.1 ± 0.32 (n=80) 

Caucasian 62/77 (80.5) 52/64 (81.3) 74/97  (76.3) 60/80 (75.0) 

Anthropometry 

Height (cm) 102.88 ± 1.13 (n=76) 102.76 ± 1.23 (n=63) 152.82 ± 1.65 (n=97) 152.05 ± 1.88 (n=80) 

Height z-score 1.14 ± 0.16 (n=76) 1.17 ± 0.16 (n=63) 0.68 ± 0.34 (n=97) 0.42 ± 0.12 (n=80) 

Weight (kg) 17.63 ± 0.48 (n=77) 17.51 ± 0.54 (n=64) 51.74 ± 1.85 (n=97) 50.89 ± 2.07 (n=80) 

Weight z-score 0.94 ± 0.14 (n=77) 0.93 ± 0.15 (n=64) 1.14 ± 0.21 (n=97) 0.99 ± 0.14 (n=80) 

BMI (kg/m2) 16.56 ± 0.25 (n=76) 16.48 ± 0.27 (n=63) 21.52 ± 0.5 (n=97) 21.35 ± 0.56 (n=80) 

BMI z-score 0.26 ± 0.15 (n=76) 0.19 ± 0.16 (n=63) 0.99 ± 0.13 (n=97) 0.95 ± 0.14 (n=80) 

Asthma history 
Age at diagnosis (years) 1.74 ± 0.12 (n=73) 1.77 ± 0.12 (n=60) 3.25 ± 0.27 (n=93) 3.14 ± 0.30 (n=77) 

ICU admission ever 9/77 (11.7) 6/64 (9.4) 9/97 (19.6) 15/80 (18.8)` 

ICU admission in past 
year 

6/77 (7.8) 5/64 (7.8) 5/97 (5.2) 3/80 (3.8) 

Number of 
exacerbations in 
previous year 

4 (1-6) (n=77) 3 (1-6) (n=64)  3 (2-5) (n=97) 4 (2-5) (n=80) 

Reported triggers for respiratory symptoms 

Respiratory infections 77/77 (100.0) 64/64 (100.0) 91/96 (94.8) 74/79 (93.7) 

Pets 14/60 (23.3) 10/51 (19.6) 62/92 (67.4) 53/76 (69.7) 

Exercise 58/74 (78.4) 47/61 (77.1) 86/96 (89.6) 73/79 (92.4) 

Cold air 61/72 (84.7) 49/59 (83.1)  79/97 (81.4) 67/80 (83.8) 

Air pollutants 18/55 (32.7) 13/47 (27.7) 55/85 (64.7) 46/70 (65.7) 

Stress 24/63 (38.1) 18/52 (34.6) 55/92 (59.8) 44/75 (58.7) 

Pollens 34/65 (52.3) 24/53 (45.3) 76/93 (81.7) 62/76 (81.6) 

Other medical problems  

Diagnosed hay fever 30/68 (44.1) 23/57 (40.4) 75/93 (80.7) 63/77 (81.8) 

Diagnosed allergic 
rhinitis 

22/69 (31.9) 17/58 (29.3) 61/95 (64.2) 51/78 (65.4) 

Diagnosed eczema 42/74 (56.8) 35/62 (56.5) 77/97 (79.4) 63/80 (78.8) 

Food allergy 7/74 (9.5) 7/62 (11.3) 28/92 (30.4) 22/75 (29.3) 

Allergic sensitisation 

Grass pollen 9/69 (13.0) 7/57 (12.3) 57/90 (63.3) 48/76 (63.2) 

Tree pollen 9/65 (13.9) 7/55 (12.7) 46/85 (54.1) 40/71 (56.3) 

Dog 8/67 (11.9) 8/56 (14.3) 55/88 (63.5) 46/74 (62.2) 

Cat 11/69 (15.9) 10/57 (17.5) 58/87 (66.7) 46/73 (63.0) 

House dust mite 21/67 (31.3) 19/56 (33.9) 59/90 (65.6) 49/75 (65.3) 

Mould 5/63 (7.9) 4/53 (7.6) 37/87 (42.5) 33/73 (45.2) 

Atopy 27/63 (42.9) 24/53 (45.3) 79/89 (88.8) 65/74 (87.8) 
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 Preschool Children with Severe wheeze 
(SW) 

School Aged Children with Severe asthma 
(SA) 

All participants Participants with 
follow up data 

All participants Participants with 
follow up data 

Spirometry  

FEV1 % predicted 104.34 ± 3.21 (n=19) 103.91 ± 3.04 (n=16) 88.68 ± 2.15 (n=96) 88.97 ± 2.48 (n=80) 

FEV1 z-score 0.33 ± 0.24 (n=19) 0.29 ± 0.22 (n=16) -0.92 ± 0.18 (n=96) -0.89 ± 0.20 (n=96) 

FVC % predicted 107.99 ± 3.5 (n=19) 107.56 ± 2.66 (n=16) 102.15 ± 1.65 (n=96) 102.05 ± 1.88 (n=80) 

FVC z-score 0.55 ± 0.25 (n=19) 0.53 ± 0.19 (n=16) 0.16 ± 0.14 (n=96) 0.15 ± 0.16 (n=80) 

FEV1/FVC ratio 0.91 ± 0.02 (n=19) 0.91 ± 0.02 (n=16) 0.77 ± 0.01 (n=96) 0.77 ± 0.01 (n=80) 

Asthma related quality of life, asthma control and medication adherence  

Paediatric Asthma Quality of Life Questionnaire (PAQLQ) 

PAQLQ total score NA NA 4.77 ± 0.15 (n=91) 4.84 ± 0.17 (n=75) 

PAQLQ total z-score NA NA -0.22 ± 0.10 (n=91) -0.16 ± 0.11 (n=75) 

Paediatric Asthma Caregiver’s Quality of Life Questionnaire (PACQLQ) 

PACQLQ total score 4.27 ± 0.18 (n=77) 4.26 ± 0.20 (n=64) NA NA 

PACQLQ total z-score -0.46 ± 0.09 (n=77) -0.46 ± 0.10 (n=64) NA NA 

Combined quality of 
life z-score 

-0.45 ± 0.09 (n=77) -0.45 ±0.10 (n=64) -0.22 ±0.10 (n=91) -0.16 ± 0.11 (n=75) 

Asthma Control Test (ACT) 

ACT total score NA NA 15.49 ± 0.63 (n=67) 15.83 ± 0.70 (n=54) 

ACT total z-score NA NA -0.25 ± 0.12 (n=67) -0.18 ± 0.13 (n=54)  

Childhood Asthma Control Test (C-ACT) 

C-ACT total score 15.2 ± 0.79 (n=41) 14.81 ± 0.95 (n=32) 16.38 ± 0.98 (n=29) 16.58 ± 1.01 (n=26) 

C-ACT total z-score -0.47 ± 0.13 (n=41) -0.52 ± 0.15 (n=32) -0.26 ± 0.16 (n=29) -0.24 ± 0.17 (n=26) 

Combined asthma 
control z-score 

-0.47 ± 0.13 (n=41) -0.52 ± 0.15 (n=32) -0.26 ± 0.10 (n=95) -0.21 ± 0.10 (n=79) 

Medication Adherence 
Report Scale (MARS) 
total score 

22.85 ± 0.26 (n=73) 23.02 ± 0.29 (n=60) 22.76 ± 0.23 (n=94) 22.77 ± 0.26 (n=77) 

 
Figures represent n/N (%), mean ± SE or median (interquartile range) unless otherwise stated. 
 
Sensitisation is defined as a positive skin prick test (≥3mm wheal) or a positive specific IgE (≥ 0.35 kU/l).  
Food allergy is defined as symptoms of food allergy plus evidence of sensitisation.  
Atopy is defined as sensitisation to one or more of the aeroallergens listed.  
 
A higher quality of life z-score is associated with a better quality of life. 
A higher asthma control z-score is associated with better asthma control.  
 
The denominators and hence percentages for diagnosed eczema, allergic rhinitis and hay fever differ from 
those reported in the baseline UBIOPRED papers142,143 due to a data processing error when preparing the 
baseline papers. 
 
 

  



Chapter 6 

152 

6.1.1.1 Clinical Clusters  

249 paediatric participants (92%) were assigned to a clinical cluster. The sizes of the clinical 

clusters ranged from 87 children (cluster 3) to 13 children (cluster 6) (Figure 21).   The relative 

sizes of the clusters remained similar when considering only participants with severe 

wheeze/asthma.  Follow up was highest in cluster 5 (89%) and lowest in cluster 1 (71%) (Figure 

22).   

6.1.1.2 ISAC Component Atopy Clusters  

 ISAC chip data were available in 236 paediatric participants (87%): 101 (37%) were not sensitised, 

46 (17%) had multiple sensitisation (cluster 1), 42 (15%) were sensitised to house dust mite 

(cluster 2), 17 (6%) were sensitised to grass pollen (cluster 3) and 30 (11%) had miscellaneous 

sensitisation (cluster 4) (Figure 23).  For participants with severe asthma/wheeze only, the 

proportion in each ISAC component atopy cluster was similar: 14% in cluster 1, 20% in cluster 2, 

5% in cluster 3, 13% in cluster 4 and 13% in the not sensitised group. For all the ISAC component 

atopy clusters, more than 80% of participants were followed up (Figure 24).
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Figure 21 Consort Diagram showing the Number of Children from all Cohorts in each Clinical Cluster 
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Figure 22 Consort Diagram showing the Number of Children from the Severe Cohorts in each Clinical Cluster 
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Figure 23 Consort Diagram showing the Number of Children from all Cohorts in each ISAC Component Atopy Cluster 
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Figure 24 Consort Diagram showing the Number of Children from the Severe Cohorts in each ISAC Component Atopy Cluster 
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6.1.2 Adult Participants  

A total of 610 adult participants were recruited: 311 non-smoking adults with severe asthma 

(SAn), 110 smokers/ex-smokers with severe asthma (SAs/ex), 88 non-smoking adults with mild to 

moderate asthma (MMAn) and 101 healthy controls (HC). 72% of those in the severe cohorts 

were followed up (Figure 25). 

 

Figure 25 Consort Diagram showing Follow Up in the Severe Adult UBIOPRED Cohorts       

As outlined in Table 38, the baseline characteristics of those followed up were similar to the 

baseline characteristrics of all participants in the SAn and SAs/ex cohorts.  
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Table 38  Baseline Characteristics of Adults in the Severe Cohorts with and without Follow 

Up Data 

 Non-smoking Adults with Severe asthma 
(SAn) 

Smokers and Ex-smokers with Severe 
Asthma (SAs/ex) 

All participants Participants with 
follow up data 

All participants Participants with 
follow up data 

Demographic details 

Female 205/311 (65.9) 144/224 (64.3) 56/110 (50.9) 37/79 (46.8) 

Age (years) 51.01 ± 0.8 (n=311) 51.70 ± 0.92 (n=224) 55.20 ± 1.25 (n=79) 54.51 ± 1.08 (n=110) 

Caucasian 277/311 (89.1) 201/224 (89.7) 105/110 (95.5) 77/79 (97.5) 

Anthropometry 

Height (cm) 166.46 ± 0.55 (n=311) 165 ± 0.65 (n=224) 169.21 ± 0.93 (n=110) 169.56 ± 1.17 (n=79) 

Weight (kg) 80.68 ± 1.05 (n=311) 79.92 ± 1.16 (n=224) 84.80 ± 1.85 (n=110) 84.22 ± 2.09 (n=79) 

BMI (kg/m2) 29.11 ± 0.36 (n=311) 28.87 ± 0.40 (n=224) 29.59 ± 0.60 (n=110) 29.24 ± 0.64 (n=79) 

Asthma history  
Age at diagnosis (years) 20 (7-38) (n=302) 20 (6-37) (n=218) 38 (20-48) (n=109) 35.5 (22-48) (n=78)  

ICU admission ever 80/307 (26.1) 55/221 (24.9) 18/109 (16.5) 10/79 (12.7) 

ICU admission in past 
year 

13/310 (4.2) 4/110 (3.6) 9/223 (4.0) 1/79 (1.3) 

Number of 
exacerbations in 
previous year 

2 (1-3) (n=310) 2 (1-3) (n=224) 2 (1-4) (n=110) 2 (1-3) (n=79) 

Reported triggers for respiratory symptoms  

Respiratory infections 271/304 (89.1) 200/219 (91.3) 92/110 (83.6) 66/79 (83.5) 

Pets 139/287 (48.4) 100/205 (48.8) 34/105 (32.4) 26/75 (34.7) 

Exercise 239/288 (83.0) 176/206 (85.4) 86/106 (81.1) 60/77 (77.9) 

Cold air 237/304 (78.0) 177/219 (80.8) 53/104 (51.0) 35/76 (46.1) 

Air pollutants 199/291 (68.4) 149/211 (70.6) 67/103 (65.1) 47/74 (63.5) 

Stress 168/295 (57.0) 129/214 (60.3) 56/105 (53.3) 39/76 (51.3) 

Pollens 184/293 (62.8) 135/211 (64.0) 49/104 (47.1) 34/74 (46.0) 

Other medical problems  

Diagnosed hay fever 135/298 (45.3) 94/213 (44.1) 51/107 (47.7) 37/76 (48.7) 

Diagnosed allergic 
rhinitis 

164/291 (56.4) 115/209 (55.0) 44/108 (40.7) 32/78 (41.0) 

Diagnosed eczema 107/308 (34.7) 76/221 (34.4) 31/108 (28.7) 19/78 (24.4) 

Food allergy 25/286 (8.7) 16/205 (7.8) 3/105 (2.9) 1/76 (1.3) 

Allergic sensitisation   

Grass pollen 119/260 (45.8) 88/188 (46.8) 32/92 (34.8) 25/66 (37.9) 

Tree pollen 90/208 (43.3) 62/152 (40.8) 28/82 (34.2) 21/58 (36.2) 

Dog 98/251 (39.0) 78/183 (42.6) 27/89 (30.3) 18/62 (29.0) 

Cat 115/260 (44.2) 89/191 (46.6) 25/86 (29.1) 18/60 (30.0) 

House dust mite 143/274 (52.2) 107/198 (54.0) 41/96 (42.7) 30/69 (43.5) 

Mould  68/242  (28.1) 45/173 (26.0) 29/88 (33.0) 18/61 (29.5) 

Atopy 231/287 (80.5) 166/208 (79.8) 66/99 (66.7) 47/71 (66.2) 

Spirometry 

FEV1 % predicted  67.5 ± 1.26 (n=308) 66.5 ± 1.45 (n=211) 67.2 ± 1.84 (n=110) 65.3 ± 2.21 (n=79) 

FVC % predicted  87.2 ± 1.12 (n=308) 87.1 ± 1.31 (n=211) 89.7 ± 1.74 (n=110) 89.5 ± 2.07 (n=79) 

FEV1/FVC ratio  0.64 ± 0.01 (n=308) 0.63 ± 0.01 (n=221) 0.61 ± 0.01 (n=110) 0.60 ± 0.01 (n=79) 
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 Non-smoking Adults with Severe asthma 
(SAn) 

Smokers and Ex-smokers with Severe 
Asthma (SAs/ex) 

All participants Participants with 
follow up data 

All participants Participants with 
follow up data 

Asthma-related quality of life, asthma control and medication adherence   

Asthma Quality of Life 
Questionniare (AQLQ) 
total score 

4.48 ± 0.07 (n=276) 4.49 ± 0.08 (n=214) 4.44 ± 0.13 
(n=92) 

4.53 ± 0.15 (n=72) 

AQLQ z-score  -0.26 ± 0.05  
(n=276) 

-0.22 ± 0.06  
(n=214) 

-0.32 ± 0.09 (n=92) -0.23 ± 0.11 
(n=72) 

Asthma Control Questionnaire (ACQ) 

Mean ACQ5 2.28 ± 0.07 (n=277) 2.28 ± 0.08 (n=216) 2.23 ± 0.12 (n=96) 2.09 ± 0.13 (n=74) 

Mean ACQ7 2.67 ± 0.08 (n=277) 2.67 ± 0.08 (n=216) 2.62 ± 0.12 (n=96) 2.52 ± 0.13 (n=74)  

ACQ-7 z-score 0.34 ± 0.05 (n=277) 0.34 ± 0.06 (n=216) 0.30 ± 0.09 (n=96) 0.23 ± 0.10 (n=74) 

Medication Adherence 
Report Scale (MARS) 
total score 

22.44 ± 0.14 (n=278) 22.43 ± 0.15 (n=214) 22.17 ± 0.29 (n=94) 22.05 ± 0.34 (n=75) 

 
Figures represent n/N (%), mean ± SE or median (interquartile range) unless otherwise stated. 
 
Sensitisation is defined as a positive skin prick test (≥3mm wheal) or a positive specific IgE (≥ 0.35 kU/l).  
Food allergy is defined as symptoms of food allergy plus evidence of sensitisation.  
Atopy is defined as sensitisation to one or more of the aeroallergens listed.  
 
A higher AQLQ z-score is associated with a better quality of life.  
A higher ACQ-7 z-score is associated with worse asthma control. 
 
The denominators and hence percentages for diagnosed eczema, allergic rhinitis and hay fever differ from 
those reported in the baseline UBIOPRED papers142,143 due to a data processing error when preparing the 
baseline papers. 
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6.1.2.1 Clinical Clusters  

Data were available for clinical cluster analysis in 418 of the 509 adult participants with asthma 

(82%).  108 participants were assigned to cluster 1 (25%), 86 to cluster 2 (21%), 106 to cluster 3 

(25%) and 118 to cluster 4 (28%) (Figure 26). For participants with severe asthma, 339 out of 421 

were included in the clinical cluster analysis. 12% of these 339 participants belonged to cluster 1, 

25% to cluster 2, 30% to cluster 3 and 33% to cluster 4. The proportion of participants followed up 

ranged from 68% for cluster 1 to 79% for cluster 4 (Figure 27).  

 

6.1.2.2 ISAC Component Atopy Clusters  

ISAC chip data were available in 491 of the 509 adult participants with asthma (96%).  49% were 

not sensitised with 9% of participants in cluster 1 (multiple sensitisation), 11% in cluster 2 (house 

dust mite sensitisation), 10% in cluster 3 (grass pollen sensitisation) and 21% in cluster 4 

(miscellaneous sensitisation).  ISAC chip data were also available in the majority of adults with 

severe asthma (96%) with a similar proportion of participants in each cluster (Figure 28). 70-71% 

of participants from clusters 1,2,4 and the non-sensitised group were followed up compared to 

88% of participants from cluster 3 (Figure 29).  
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Figure 26 Consort Diagram showing the Number of Adults from all Cohorts in each Clinical Cluster 
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Figure 27 Consort Diagram showing the Number of Adults from the Severe Cohorts in each Clinical Cluster  
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Figure 28 Consort Diagram showing the Number of Adult Participants in each ISAC Component Atopy Cluster 



Chapter 6 

164 

 

Figure 29 Consort Diagram showing the Number of Adults from the Severe Cohorts in each ISAC Component Atopy Cluster  
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6.2 Details of Exacerbations  

6.2.1 Paediatric Participants 

Overall 62% of children with severe asthma/preschool wheeze experienced one or more 

exacerbations during the study follow up period with 49% experiencing a severe exacerbation. 

Only 2% experienced a life-threatening exacerbation. A higher proportion of school aged children 

with asthma experienced an exacerbation compared to preschool children with severe wheeze. 

However, the difference between cohorts was not statistically significant for any type of 

exacerbation (Table 39).  Exacerbation rates did not differ significantly between school aged 

children with severe asthma and preschool children with severe wheeze either (Table 39); the 

median rate of exacerbations in the preschool age cohort was 0.9 compared to 1.3 in the school 

aged cohort (p=0.125). For severe exacerbations only, the exacerbation rate was also higher in 

school aged children (0.7 versus 0 in preschool age children). However, this difference was not 

statistically significant (p=0.088).  

Clinical clusters: The proportion of children experiencing any exacerbations during follow up 

ranged from 83.3% for cluster 6 to 55.3% for cluster 4.  However, differences between clusters 

were not statistically significant.  Rates of any exacerbations, severe exacerbations (both 

hospitalised and non-hospitalised) and life-threatening exacerbations did not differ between 

clusters either (Table 40).  However, rates of moderate exacerbations did differ between clusters 

with pairwise comparisons demonstrating that cluster 2 had a higher exacerbation rate than 

clusters 4 and 5 (p=0.031 and p=0.019, respectively) and cluster 6 had a higher exacerbation rate 

than cluster 1 (p=0.025), cluster 4 (p=0.044) and cluster 5 (p=0.024) (Table 40). 

ISAC component atopy clusters: The proportion of children experiencing any exacerbations was 

highest for cluster 1 (71%) and lowest for non-sensitised individuals (52.5%). However, differences 

between clusters were not statistically significant (Table 41). Similarly, exacerbation rates did not 

differ significantly between clusters with median exacerbation rates ranging from 0 to 2.1 and 

median rates of severe exacerbations ranging from 0-0.9.   
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Table 39 Details of Prospective Exacerbations in the Severe Paediatric Cohorts 

 All children in severe cohorts  Preschool Children with 
Severe Wheeze (SW) 

School Aged Children with 
Severe Asthma (SA) 

p-value 

 n=144 n=64 n=80 
Exacerbation rate (per year): 
All exacerbations 1 (0-3.1) 0.9 (0-2.4) 1.3 (0-3.9) 0.125 
Moderate exacerbations 0 (0-0.8) 0 (0-0.8) 0 (0-0.8) 0.864 
Severe exacerbations 0 (0-2) 0 (0-1.7) 0.7 (0-2.5) 0.088 

- Non-hospitalised  0 (0-1.5) 0 (0-1) 0 (0-1.7) 0.081 

- Hospitalised  0 (0-0) 0 (0-0) 0 (0-0) 0.386 

Life-threatening  0 (0-0) 0 (0-0) 0 (0-0) 0.119 
Any exacerbations (yes/no): 
All exacerbations 89/144 (61.8) 37/64 (57.8) 52/80 (65.0) 0.378 
Moderate exacerbations 43/144 (29.9) 20/64 (31.3) 23/80 (28.8) 0.745 
Severe exacerbations 71/144 (49.3) 27/64 (42.2) 44/80 (55.0) 0.126 

- Non-hospitalised  60/144 (41.7) 22/64 (34.4) 38/80 (47.5) 0.112 

- Hospitalised  29/144 (20.1) 11/64 (17.2) 18/80 (22.5) 0.430 

Life-threatening  2/144 (2.0) 0/64 (0) 3/80 (3.8) 0.117 

 
Figures represent medians (25th-75th centiles) and n/N (%).   
Cohorts were compared using the Kruskal-Wallis/Chi-squared test. 
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Table 40 Details of Prospective Exacerbations in the Paediatric Clinical Clusters 

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 p-value  

n=11 n=15 n=40 n=38 n=25 n=6 

Exacerbation rate (per year): 

All exacerbations 3.4 (0-4.3) 2 (0.7-3) 1.0 (0-2.5) 0.8 (0-3.0) 0.8 (0-4.5) 0.9 (0.9-3.8) 0.652 

Moderate exacerbations 0 (0-0) 0.8 (0-2) 0 (0-0.8) 0 (0-0) 0 (0-0) 0.9 (0-0.9) 0.037* 

Severe exacerbations 0.9 (0-4) 0.7 (0-2.8) 0 (0-1.8) 0.3 (0-1.1) 0.8 (0-1.9) 0 (0-0) 0.762 
- Non-hospitalised  0.9 (0-2.6) 0.7 (0-1) 0 (0-1) 0 (0-1) 0.4 (0-1.8) 0 (0-0) 0.450 
- Hospitalised  0 (0-0) 0 (0-0) 0 (0-0.2) 0 (0-0) 0 (0-0) 0 (0-0) 0.949 

Life-threatening  0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.716 

Any exacerbations (yes/no):  

All exacerbations 7/11 (63.6) 12/15 (80.0) 24/40 (60.0) 21/38 (55.3) 14/24 (58.3) 5/6 (83.3) 0.525 

Moderate exacerbations 2/11 (18.2) 8/15 (53.3) 13/40 (32.5) 9/38 (23.7) 4/24 (16.7) 4/6 (66.7) 0.045 

Severe exacerbations 6/11 (54.6) 8/15 (53.3) 19/40 (47.5) 19/38 (50.0) 13/24 (54.2) 1/6 (16.7) 0.690 
- Non-hospitalised  6/11 (54.5) 8/15 (53.3) 15/40 (37.5) 14/38 (36.8) 12/24 (50.0) 1/6 (16.7) 0.485 
- Hospitalised  2/11 (8.2) 2/15 (13.3) 10/40 (25.0) 7/38 (18.4) 5/24 (20.8) 1/6 (16.7) 0.948 

Life-threatening  0/11 (0) 0/15 (0.0) 1/40 (2.5) 2/38 (5.3) 0/24 (0) 0/6 (0) 0.718 

 
Figures represent medians (25th-75th centiles) and n/N (%).   

Clusters were compared using the Kruskal-Wallis/Chi-squared test. 
*Pairwise comparisons of the group demonstrated that cluster 2 had a higher exacerbation rate than cluster 4 (p=0.031) and cluster 5 (p=0.019); 
cluster 6 had a higher exacerbation rate than cluster 1 (p=0.025), cluster 4 (p=0.044) and cluster 5 (p=0.024).  

 



Chapter 6 

168 

Table 41 Details of Prospective Exacerbations in the Paediatric ISAC Component Atopy Clusters 

 Not sensitised  ISAC Cluster 1 ISAC Cluster 2 ISAC Cluster 3 ISAC Cluster 4 p-value 
n=59 n=21 n=28 n=7 n=20 

Exacerbation rate (per year): 
All exacerbations 0.9 (0-3) 1.5 (0-3.0) 1.0 (0-2.9) 0 (0-3.4) 2.1 (0-5.1) 0.445 
Moderate exacerbations 0 (0-0.8) 0 (0-0.8) 0 (0-0.8) 0 (0-0) 0 (0-0.9) 0.547 
Severe exacerbations 0 (0-2) 0 (0-1.7) 0.8 (0-1.3) 0 (0-3.4) 0.9 (0-4.1) 0.503 

- Non-hospitalised  0 (0-1)  0 (0-1.3) 0 (0-1.0) 0 (0-1.7) 0.7 (0-2.7) 0.505 

- Hospitalised  0 (0-0) 0 (0-0) 0 (0-0) 0 (0-1.7) 0 (0-0.8) 0.112 

Life-threatening  0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.151 
Any exacerbations (yes/no): 
All exacerbations 31/59 (52.5) 15/21 (71.4) 19/28 (67.9) 3/7 (42.9) 14/20 (70.0) 0.295 
Moderate exacerbations 16/59 (27.1) 7/21 (33.3) 9/28 (32.1) 0/7 (0.0) 6/20 (30.0) 0.508 
Severe exacerbations 25/59 (42.4) 10/21 (47.6) 17/28 (60.7) 3/7 (42.9) 12/20 (60.0) 0.457 

- Non-hospitalised  22/59 (37.3) 10/21 (47.6 12/28 (42.9) 2/7 (28.6) 11/20 (55.0) 0.606 

- Hospitalised  9/59 (15.3) 2/21 (9.5) 6/28 (21.4) 3/7 (42.9) 7/20 (35.0) 0.116 

Life-threatening  2/59 (3.4) 0/21 (0.0) 0/28 (0.0) 1/7 (14.3) 0/20 (0.0) 0.157 

 
Figures represent medians (25th-75th centiles) and n/N (%).  
Clusters were compared using the Kruskal-Wallis/Chi-squared test.  
ISAC Cluster 1= Multiple sensitisation; ISAC Cluster 2= House dust mite sensitisation; ISAC Cluster 3= Grass pollen sensitisation; ISAC Cluster 4= 
Miscellaneous sensitisation. 
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6.2.2 Adult Participants  

Overall, 67% of adult participants experienced one or more exacerbations during follow up with 

57% of participants experiencing a severe exacerbation. Only 6 participants (2%) experienced a 

life-threatening exacerbation. The median rate of severe exacerbations was 1 per year for both 

non-smoking adults and smokers/ex-smokers (Table 42).  

Clinical clusters: When taking all exacerbations into account, the rate of exacerbations per year 

did not differ significantly between clusters (Table 43). However, for severe exacerbations (both 

hospitalised and non-hospitalised) there were statistically significant differences between 

clusters. For severe hospitalised exacerbations, the rate of exacerbations was higher in clusters 3 

and 4 (median 0.5 exacerbations per year) than clusters 1 and 2 (median 0 exacerbations per 

year).  For severe non-hospitalised exacerbations, the exacerbation rate was higher in cluster 2 

(median 0.5 exacerbations per year) than the other 3 clusters (median 0 exacerbations per year).  

ISAC component atopy clusters: The proportion of adults experiencing one or more exacerbations 

during follow up differed significantly between ISAC component atopy clusters (Table 44).  Rates 

of all exacerbations, severe hospitalised and severe non-hospitalised exacerbations also differed 

according to atopic sensitisation.  For all exacerbations, the exacerbation rate was highest in non-

sensitised individuals who had a median exacerbation rate of 1.7 exacerbations per year.  This 

was significantly higher than an exacerbation rate of 1 exacerbation per year in individuals with 

miscellaneous sensitisation (p=0.002). The overall exacerbation rate in cluster 4 (miscellaneous 

sensitisation) was also lower than the exacerbation rate in cluster 2 (house dust mite 

sensitisation).  The median rate of all severe exacerbations did not differ significantly between 

clusters. However, differences between clusters were seen when hospitalised and non-

hospitalised severe exacerbations were considered separately (Table 44). 
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Table 42 Details of Prospective Exacerbations in the Severe Adult Cohorts 

 All Adults in Severe Cohorts  Non-smoking Adults with 
Severe Asthma (SAn) 

Smokers/Ex-smokers with 
Severe Asthma (SAs/ex)  

p-value 

n=303 n=224 n=79 
Exacerbation rate (per year): 
All exacerbations 1 (0-2) 1 (0-3) 1 (0-2) 0.630 
Moderate exacerbations 0 (0-0) 0 (0-0) 0 (0-0) 0.382 
Severe exacerbations 1 (0-2) 1 (0-2) 1 (0-2) 0.888 

- Non-hospitalised  0.7 (0-2) 0.9 (0-2) 0 (0-2) 0.889 
- Hospitalised  0 (0-0) 0 (0-0) 0 (0-0) 0.329 

Life-threatening  0 (0-0) 0 (0-0) 0 (0-0) 0.142 
Any exacerbations (yes/no): 
All exacerbations 202/303 (66.7) 154/224 (68.8) 48/79 (60.8) 0.195 
Moderate exacerbations 40/303 (13.2) 32/224 (14.3) 8/79 (10.1) 0.348 
Severe exacerbations 172/303 (56.8) 130/224 (58.0) 42/79 (53.2) 0.452 

- Non-hospitalised  153/303 (50.5) 116/224 (51.8) 37/79 (46.8) 0.449 
- Hospitalised  33/303 (10.9) 27/224 (12.1) 6/79 (7.6) 0.274 

Life-threatening  6/303 (2.0) 6/224 (2.7) 0/79 (0.0) 0.142 

 
Figures represent medians (25th-75th centiles) and n/N (%).  
Cohorts were compared using the Chi-squared/Kruskal-Wallis test. 
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Table 43 Details of Prospective Exacerbations in the Adult Clinical Clusters  

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 p-value  
n=27 n=66 n=82 n=89 

Exacerbation rate (per year): 
All exacerbations 1 (0-2) 1 (0-3) 1 (0-2.8) 2 (0-3) 0.244 
Moderate exacerbations 0 (0-0.8) 0 (0-0) 0 (0-0) 0 (0-0) 0.208 
Severe exacerbations 0 (0-1) 1 (0-2) 1 (0-2) 1 (0-3) 0.101 

- Non-hospitalised  0 (0-1) 0.8 (0-2) 1 (0-2) 0.8 (0-2) 0.036 * 
- Hospitalised  0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.046 ** 

Life-threatening  0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.393 
Any exacerbations (yes/no): 
All exacerbations 15/227 (55.6) 41/66 (62.1) 58/82 (70.7) 62/89 (69.7) 0.379 
Moderate exacerbations 7/27 (25.9) 9/66 (13.6) 8/82 (9.8) 12/89 (13.5) 0.211 
Severe exacerbations 10/27 (37.0) 35/66 (53.0) 49/82 (59.8) 55/89 (61.8) 0.119 

- Non-hospitalised  7/27 (25.9) 34/66 (51.5) 47/82 (57.3) 46/89 (51.7) 0.044 
- Hospitalised  4/27 (14.8) 1/66 (1.5) 10/82 (12.2) 13/89 (14.6) 0.046 

Life-threatening  1/27 (3.7) 0/66 (0.0) 1/82 (1.2) 3/89 (3.4) 0.392 

 
Figures represent medians (25th-75th centiles) and n/N (%).  
Clusters were compared using the Kruskal-Wallis/Chi-squared test.  
*Pairwise comparisons of the group demonstrated that cluster 1 had a lower exacerbation rate than the other clusters (p=0.016 for cluster 1 vs cluster 2, p=0.003 for 
cluster 1 vs cluster 3 and p=0.01 for cluster 1 vs cluster 4).   
**Pairwise comparisons of the group and review of the mean exacerbation rate for each cluster, demonstrated that cluster 2 had a lower exacerbation rate than the 
other clusters (p=0.013 for cluster 1 vs cluster 2, p=0.016 for cluster 2 vs cluster 3, p=0.005 for cluster 2 vs cluster 4).  
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Table 44 Details of Prospective Exacerbations in the Adult ISAC Component Atopy Clusters 

 Non-sensitised  ISAC Cluster 1  ISAC Cluster 2 ISAC Cluster 3 ISAC Cluster 4 p-value 
n=158 n=20 n=28 n=28 n=59 

Exacerbation rate (per year): 
All exacerbations 1.7 (0-3) 1.5 (0-3) 1 (0-3.5) 1 (0-3.5) 1 (0-2) 0.041* 
Moderate exacerbations 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.276 
Severe exacerbations 1 (0-2.8) 1 (0-2.5) 1.2 (0-3.5) 1 (0-2.5) 0 (0-1) 0.062 

- Non-hospitalised  1 (0-2) 1 (0-2) 0 (1-3) 0 (0-1) 0 (0-1) 0.028** 

- Hospitalised  0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0.5) 0 (0-0) 0.026*** 

Life-threatening  0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.128 
Any exacerbations (yes/no): 
All exacerbations 117/158 (74.1) 14/20 (70.0) 20/28 (71.4) 16/28 (57.1) 30/59 (50.9) 0.017 
Moderate exacerbations 27/158 (17.1) 1/20 (5.0) 3/28 (10.7) 2/28 (7.1) 5/59 (8.5) 0.238 
Severe exacerbations 99/158 (62.7) 14/20 (70.0) 17/28 (60.7) 15/28 (53.6) 24/59 (40.7) 0.038 

- Non-hospitalised  89/158 (56.3) 13/20 (65.0) 16/28 (57.1) 9/28 (32.1) 23/59 (39.0) 0.025 

- Hospitalised  13/158 (8.2) 2/20 (10.0) 6/28 (21.4) 7/28 (25.0) 5/59 (8.5) 0.038 

Life-threatening  1/158 (0.6) 1/20 (5.0) 0/28 (0.0) 2/28 (7.1) 2/59 (3.4) 0.126  
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Figures represent medians (25th-75th centiles) and n/N (%).  
Clusters were compared using the Kruskal-Wallis/Chi-squared test.  
ISAC Cluster 1= Multiple sensitisation; ISAC Cluster 2= House dust mite sensitisation; ISAC Cluster 3= Grass pollen sensitisation; ISAC Cluster 4= 
Miscellaneous sensitisation.  
*Pairwise comparisons of the group demonstrated that cluster 4 had a lower exacerbation rate than the non-sensitised cluster (p=0.002) and cluster 
2 (p=0.033).  
**Pairwise comparisons of the group demonstrated that the non-sensitised cluster had a higher exacerbation rate than cluster 3 (p=0.026) and 
cluster 4 (p=0.022), cluster 1 had a higher exacerbation rate than cluster 3 (p=0.033) and cluster 4 (p=0.046) and cluster 2 had a higher exacerbation 
rate than cluster 3 (p=0.048).  
***Pairwise comparison of the group demonstrated that cluster 3 had a higher exacerbation rate than the non-sensitised cluster (p=0.005) and 
cluster 4 (p=0.021) and the non-sensitised cluster had a higher exacerbation rate than cluster 2 (p=0.049). 
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6.3 Risk Factors for Severe Exacerbations  

6.3.1 Paediatric Participants- Univariate Analysis 

In univariate analysis, female gender (IRR 1.94, 95% CI 1.20-1.32, p=0.007), increasing BMI (IRR 

1.23, 95% CI 1.03-1.47, p=0.020), a higher number of exacerbations in the previous year (IRR 1.20, 

95% CI 1.09-1.32, p <0.001), eczema (IRR 2.27, 95% CI 1.29-4.01, p=0.005) and miscellaneous 

allergen sensitisation (IRR 2.09, 95% 1.05-4.14, p=0.035) were associated with an increased risk of 

future severe asthma exacerbations when preschool children and school aged children were 

analysed together (Table 45).  Participants who reported pets (IRR 1.78, 95% CI 1.05-3.00, 

p=0.032), air pollutants (IRR 1.95, 95% CI 1.12-3.38, p=0.018) and stress (IRR 2.24, 95% CI 1.33-

3.78, p=0.002) as symptom triggers were also more likely to experience future exacerbations.  A 

higher FEV1 % predicted (IRR 0.98, 95% CI 0.97-0.99, p=0.005), a higher asthma control z-score 

(IRR 0.53, 95% CI 0.39-0.72, p<0.001) and a higher quality of life z-score (IRR 0.68, 95% CI 0.51-

0.89, p=0.006) were associated with a lower risk of future severe exacerbations.  

When school aged children were analysed independently, the only factors associated with future 

severe exacerbations were female gender (IRR 3.32, 95% CI 1.85, p <0.001), increasing weight (IRR 

1.29, 95% CI 1.00-1.65, p=0.048), a higher number of exacerbations in the previous year (IRR 1.19, 

95% CI 1.05-1.33, p=0.005) and better medication adherence (IRR 1.19, 95% CI 1.00-1.41, 

p=0.049) (Table 45). Once again, a higher FEV1 % predicted (IRR 0.98, 95% CI 0.97-1.00, p=0.010), a 

higher asthma control z-score (IRR 0.49, 95% CI 0.35-0.68, p<0.001) and a higher quality of life z-

score (IRR 0.69, 95% CI 0.49-0.95, p=0.025) were associated with a lower risk of future severe 

exacerbations.  

For preschool children, a higher number of exacerbations in the previous year (IRR 1.21, 95% CI 

1.04-1.40, p=0.015), eczema (IRR 2.36, 95% CI 1.09-5.59, p=0.031) and stress as a symptom trigger 

(IRR 3.08, 95% CI 1.32-7.15, p=0.009) were associated with future severe exacerbations.  A higher 

quality of life z-score was associated with fewer exacerbations in the preceding year (IRR 0.53, 

95% CI 0.32-.0.89, p=0.017).   
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Table 45 Association between Specific Clinical Characteristics and Future Severe Exacerbations 

in Paediatric Participants- Univariate Analysis  

 All Participants with 
Severe Asthma/ 

Wheeze  

School Aged Children 
with Severe Asthma 

(SA)  

Preschool Children with 
Severe Wheeze 

 (SW) 
Demographic details 
Female 1.94 [1.20-3.12] (0.007) 3.32 [1.85-5.95] (<0.001) 0.63 [0.28-1.43] (0.270) 

Age (years) 1.04 [0.99-1.10] (0.083) 1.00 [0.89-1.12] (0.976) 0.95 [0.66-1.35] (0.766) 

Caucasian 0.82 [0.46-1.46] (0.500) 1.00 [0.49-2.05] (0.990) 0.60 [0.24-1.51] (0.277) 

Anthropometry 
Height z-score 0.88 [0.71-1.09] (0.250) 1.06 [0.78-1.45] (0.688) 0.80 [0.59-1.08] (0.140) 

Weight z-score 1.17 [0.95-1.42] (0.134) 1.29 [1.00-1.65] (0.048) 0.93 [0.66-1.30] (0.672) 

BMI z-score 1.23 [1.03-1.47] (0.020) 1.19 [0.95-1.48] (0.123) 1.20 [0.86-1.68] (0.287) 

Asthma/wheeze history  
Age at diagnosis (years) 0.96 [0.85-1.10] (0.552) 0.92 [0.81-1.05] (0.203) 0.98 [0.57-1.68[ (0.946) 

ICU admission ever 1.15 [0.58-2.28] (0.684) 1.00 [0.45-2.21] (0.996) 1.26 [0.35-4.55] (0.720) 

ICU admission in past year 1.01 [0.35-2.95] (0.983) 1.17 [0.24-5.71] (0.845) 1.06 [0.25-4.44] (0.941) 

Number of exacerbations 
in previous year 

1.20 [1.09-1.32] (<0.001) 1.19 [1.05-1.33] (0.005) 1.21 [1.04-1.40] (0.015) 

Reported triggers for respiratory symptoms  
Respiratory infections 7.87 [0.65-94.66] (0.104) 9.69 [0.82-114.03] (0.071) - 

Pets 1.78 [1.05-3.00] (0.032) 1.39 [0.69-2.80] (0.356) 1.73 [0.58-5.16] (0.324) 

Exercise 1.72 [0.80-3.70] (0.162) 0.97 [0.31-3.09] (0.965) 2.38 [0.81-6.97] (0.113) 

Cold air 1.68 [0.81-3.48] (0.165) 2.05 [0.82-5.15] (0.127) 1.14 [0.36-3.61] (0.819) 

Air pollutants 1.95 [1.12-3.38] (0.018) 1.43 [0.70-2.94] (0.326) 1.94 [0.81-4.67] (0.138) 

Stress 2.24 [1.33-3.78] (0.002) 1.67 [0.87-3.23] (0.124) 3.08 [1.32-7.15] (0.009) 

Pollens 1.71 [0.95-3.07] (0.073) 1.33 [0.57-3.12] (0.515) 1.64 [0.65-4.15] (0.298) 

Other medical problems  
Diagnosed hay fever 1.37 [0.79-2.38] (0.258)  1.27 [0.54-3.02] (0.581) 0.91 [0.38-2.14] (0.831) 

Diagnosed allergic rhinitis 1.18 [0.71-1.97] (0.515) 1.01 [0.53-1.94] (0.975) 0.89 [0.35-2.26] (0.808) 

Diagnosed eczema 2.27 [1.29-4.01] (0.005) 1.80 [0.81-4.02] (0.151) 2.46 [1.09-5.59] (0.031) 

Food allergy 1.12 [0.61-2.06] (0.703)  0.98 [0.48-1.97] (0.949) 1.05 [0.31-3.57] (0.932) 

Allergic sensitisation    
Grass pollen 1.24 [0.76-2.01] (0.381) 0.97 [0.51-1.84] (0.932) 1.16 [0.38-3.51] (0.794) 

Tree pollen 1.25 [0.75-2.09] (0.389)  1.00 [0.53-1.88] (0.996) 1.07 [0.33-3.50] (0.906) 

Dog 1.43 [0.88-2.33] (0.148) 1.21 [0.64-2.30] (0.562) 1.31 [0.46-3.74] (0.614) 

Cat 1.47 [0.90-2.38] (0.123) 1.19 [0.61-2.30] (0.609) 1.53 [0.61-3.83] (0.360) 

House dust mite 1.07 [0.66-1.75] (0.770)  0.83 [0.44-1.57] (0.567) 1.21 [0.54-2.70] (0.640) 

Mould  1.28 [0.75-2.18] (0.367) 1.06 [0.56-2.01) [0.857] 1.15 [0.28-4.64] (0.849) 

Atopy 1.43 [0.81-2.50] (0.217) 0.92 [0.35-2.41] (0.859) 1.55 [0.71-3.35] (0.270) 
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 All Participants with 
Severe Asthma/ 

Wheeze  

School Aged Children 
with Severe Asthma 

(SA)  

Preschool Children with 
Severe Wheeze 

 (SW) 
Pet exposure and sensitisation  
Dog (not exposed, not sensitised vs) * 
Exposed, not sensitised  0.99 [0.43-2.25] (0.976) 1.53 [0.51-4.61] (0.448) 0.26 [0.05-1.35] (0.110) 

Not exposed, sensitised 1.44 [0.83-2.47] (0.193) 1.38 [(0.64-2.95] (0.411) 1.34 [0.48-3.73] (0.580) 

Exposed and sensitised  1.41 [0.58-3.39] (0.448) 1.46 [0.52-4.08] (0.475) - 

Cat (not exposed, not sensitised vs)* 
Exposed, not sensitised  0.84 [0.31-2.29] (0.735) 2.82 [0.49-16.43] (0.248) 0.30 [0.07-1.30] (0.108) 

Not exposed, sensitised 1.41 [0.83-2.40] (0.203) 1.28 [0.64-2.59] (0.488) 1.56 [0.61-3.97] (0.348) 

Exposed and sensitised  1.55 [0.63-3.80] (0.343) 1.67 [0.58-4.77] (0.343) 0.50 [0.05-5.27] (0.563) 

Second-hand smoke 
exposure  

0.73 [0.37-1.43] (0.357) 0.65 [0.29-1.46] (0.297) 0.80 [0.24-2.63] (0.715) 

Spirometry 
FEV1 % predicted  0.98 [0.97-0.99] (0.005) 0.98 [0.97-1.00] (0.010) 0.97 [0.92-1.02] (0.255) 

FEV1/FVC ratio  0.24 [0.02-2.77] (0.255) 0.26 [0.01-4.77] (0.361) 0.06 [0.00-192.01] (0.501) 

Quality of life and asthma control   
Asthma control z-score 0.53 [0.39-0.72] (<0.001) 0.49 [0.35-0.68] (<0.001) 0.63 [0.34-1.66] (0.143) 

Quality of life z-score 0.68 [0.51-0.89] (0.006) 0.69 [0.49-0.95] (0.025) 0.53 [0.32-0.89] (0.017) 

MARS total score 1.05 [0.94-1.17] (0.422) 1.19 [1.00-1.41] (0.049) 0.94 [0.82-1.09] (0.411) 

Clinical cluster allocation (cluster 3 vs) 
Cluster 1 1.67 [0.65-4.34] (0.289) 1.82 [0.58-5.72] (0.303) 1.49 [0.35-6.31] (0.587) 

Cluster 2 0.87 [0.33-2.24] (0.767) 0.96 [0.29-3.18] (0.949) 0.76 [0.19-3.01] (0.699) 

Cluster 4 1.05 [0.53-2.08] (0.897) 1.33 [0.55-3.17] (0.526) 0.74 [0.28-1.97] (0.546) 

Cluster 5 1.47 [0.70-3.08] (0.310) 2.07 [0.85-5.01] (0.108) 0.44 [0.11-1.76] (0.244) 

Cluster 6 1.02 [0.28-3.77] (0.976) 3.21 [0.55-18.72] (0.196) - 

ISAC component atopy cluster allocation  (not sensitised vs) 

Cluster 1 (Multiple 
sensitisation) 

1.08 [0.51-2.28] (0.835) 0.67 [0.24-1.82] (0.430) 1.33 [0.41-4.35] (0.638) 

Cluster 2 (House mite 
sensitisation) 

0.98 [0.50-1.92] (0.953) 0.52 [0.20-1.34] (0.176) 1.66 [0.61-4.53] (0.324) 

Cluster 3 (Grass pollen 
sensitisation)  

1.42 [0.48-4.23] (0.527) 0.85 [0.25-2.88] (0.793) - 

Cluster 4 (Miscellaneous 
sensitisation) 

2.09 [1.05-4.14] (0.035)  1.25 [0.52-3.01] (0.621) - 

Figures represent incidence rate ratio, IRR [95% confidence intervals] (p-value).  
Sensitisation was defined as a specific IgE level ≥ 0.35 kU/l or a wheal ≥3mm on skin prick testing.  
Atopy was defined as sensitisation to one or more of the following aeroallergens: tree pollen, grass pollen, cat, 
dog, house dust mite and mould.  
Food allergy was defined as a history of urticaria, angioedema, pruritus, throat tightness, stridor, chest tightness or 
wheeze within two hours of contact with a food  plus a positive skin prick test (≥3mm wheal) or positive specific 
IgE (≥ 0.35 kU/l)  to that food.  
*Exposure refers to the presence of a dog/cat at home.  
A higher asthma control z-score is associated with better asthma control.  
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6.3.2 Paediatric Participants- Multivariable Analysis  

In multivariable analysis of school aged participants, female gender (IRR 3.17, 95% CI 1.78-5.64, 

p<0.001), increasing weight (IRR 1.27, 95% CI 1.03-1.56, p=0.023), a higher number of 

exacerbations in the previous year (IRR 1.18, 95% CI 1.07-1.31, p=0.002) and a higher quality of 

life (IRR 1.56, 95% CI 1.07-2.79, p=0.022) were associated with an increased risk of future severe 

exacerbations. Better asthma control was associated with a lower risk of future severe asthma 

exacerbations (IRR 0.44, 95% CI 0.29-0.67, p=0.002) (Table 46).   

For preschool children, stress as a symptom trigger was associated with an increased risk of future 

severe exacerbations (IRR 3.17, 95% 1.37-7.37, p=0.007).  Similar to school aged children, a higher 

number of exacerbations in the previous year was also associated with an increased risk of future 

severe exacerbations (IRR 1.18, 95% CI 1.02-1.37, p=0.031) (Table 47). 

In combined analysis of preschool and school aged children, female gender (IRR 1.79, 95% CI 1.11-

2.91, p=0.018) and a higher number of exacerbations in the previous year (IRR 1.13, 95% CI 1.03-

1.24, p=0.007) were associated with an increased risk of future severe exacerbations. Better 

asthma control was associated with a lower risk of future exacerbations (IRR 0.57, 0.43-0.76, 

p<0.001). Age category did not influence the risk of future severe exacerbations (Table 48).  None 

of the clinical clusters were associated with an increased risk of future severe asthma 

exacerbations (Table 49).  Compared to non-sensitised individuals, children in ISAC component 

atopy cluster 4 with miscellaneous sensitisation were more likely to experience future severe 

exacerbations (IRR 2.01, 95% CI 1.06-3.81, p=0.034) (Table 49).   
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Table 46 Association between Specific Clinical Characteristics and Future Severe Exacerbations 

in School Aged Children with Severe Asthma- Multivariable Analysis 

 Univariate analysis Multivariable analysis 
Female 3.32 [1.85-5.95] (<0.001) 3.17 [1.78-5.64] (<0.001) 
Weight z-score 1.29 [1.00-1.65] (0.048 1.27 [1.03-1.56] (0.023) 
Number of exacerbations in 
the previous year 

1.19 [1.05-1.33] (0.005) 1.18 [1.07-1.31] (0.002) 

Asthma control z-score 0.49 [0.35-0.68] (<0.001) 0.44 [0.29-0.67] (0.002) 
Quality of life z-score 0.69 [0.49-0.95] (0.025) 1.56 [1.07-2.29] (0.022) 

 
Figures represent incidence rate ratio, IRR [95% confidence intervals] (p-value). 
Variables with a p-value <0.1 in univariate analysis were entered into the model and backward deletion 
was applied until only variables with a p-value <0.05 remained.  
A higher asthma control z-score is associated with better asthma control.  
A higher quality of life z-score is associated with better quality of life. 

 

Table 47 Association between Specific Clinical Characteristics and Future Severe Exacerbations 

in Preschool Children with Severe Wheeze- Multivariable Analysis 

 Univariate analysis Multivariable analysis 
Number of exacerbations in 
the previous year 

1.21 [1.04-1.40] (0.015) 1.18 [1.02-1.37] (0.031) 

Symptoms triggered by stress 3.08 [1.32-7.15] (0.009) 3.17 [1.37-7.37] (0.007) 

 
Figures represent incidence rate ratio, IRR [95% confidence intervals] (p-value). 
Variables with a p-value <0.1 in univariate analysis were entered into the model and backward deletion 
was applied until only variables with a p-value <0.05 remained.  

 

Table 48 Combined Multivariable Model for all Paediatric Participants 

 Univariate analysis Multivariable analysis 
Female 1.94 [1.20-3.12] (0.007) 1.79 [1.11-2.91] (0.018) 
Number of exacerbations in 
the previous year 

1.20 [1.09-1.32] (<0.001) 1.13 [1.03-1.24] (0.007) 

Asthma control z-score 0.53 [0.39-0.72] (<0.001) 0.57 [0.43-0.76] (<0.001) 
School aged (vs preschool age) 1.71 [1.05-2.80] (0.031) 1.40 [0.80-2.45] (0.238)  

 
Figures represent incidence rate ratio, IRR [95% confidence intervals] (p-value). 
Variables significant in the individual models for preschool and school aged children were included in this 
model. Backward deletion was applied until only variables with a p-value <0.05 remained. Age group was 
also included.  
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Table 49 Multivariable Models to assess the Association between Cluster Assignment and 

Future Severe Exacerbations in Paediatric Participants  

 Multivariable 
analysis 

With ISAC clusters With clinical clusters 

Female 1.94 [1.20-3.12] 
(0.007) 

1.73 [1.07-2.80] 
(0.025) 

1.82 [1.09-3.05] 
(0.022) 

Number of 
exacerbations in the 
previous year 

1.20 [1.09-1.32] 
(<0.001) 

1.17 [1.07-1.27] 
(<0.001) 

1.13 [1.02-1.26] 
(0.019) 

Asthma control z-score 0.53 [0.39-0.72] 
(<0.001) 

0.51 [0.39-0.69] 
(<0.001) 

0.59 [0.43-0.80] 
(0.001) 

School aged (vs 
preschool age) 

1.71 [1.05-2.80] 
(0.031) 

0.99 [0.54-1.80] 
(0.974) 

1.41 [0.78-2.52] 
(0.252) 

ISAC component atopy cluster allocation (not sensitised vs) 
Cluster 1 (Multiple 
sensitisation) 

 0.60 [0.29-1.25] 
(0.172) 

 

Cluster 2 (House mite 
sensitisation) 

 1.23 [0.64-2.34] 
(0.535) 

 

Cluster 3 (Grass pollen 
sensitisation)  

 1.41 [0.54-3.65] 
(0.483) 

 

Cluster 4 (Miscellaneous 
sensitisation) 

 2.01 [1.06-3.81] 
(0.034) 

 

Clinical cluster allocation (cluster 3 vs) 
Cluster 1   1.25 [0.48-3.19] 

(0.651) 
Cluster 2   0.77 [0.27-2.26] 

(0.640) 
Cluster 4   0.95 [0.48-1.89] 

(0.889) 
Cluster 5   1.17 [0.58-2.36] 

(0.668) 
Cluster 6   1.08 [0.29-3.99] 

(0.907) 

 
Figures represent incidence rate ratio, IRR [95% confidence intervals] (p-value). 
A higher asthma control z-score is associated with better asthma control.  

  



Chapter 6 

181 

6.3.3 Adult Participants- Univariate Analysis  

In adults with severe asthma, a previous ICU admission (IRR 1.71, 95% CI 1.21-2.42, p=0.002), a 

higher number of exacerbations in the previous year (IRR 1.21, 95% CI 1.14-1.28, p <0.001) and a 

higher asthma control z-score were associated with an increased risk of future severe 

exacerbations (IRR 1.57, 95% CI 1.33-1.87, p <0.001) (Table 50).  The following symptom triggers 

were also associated with a higher risk of future severe exacerbations: respiratory infections (IRR 

2.57, 95% CI 1.42-2.64, p=0.002), pets (IRR 1.78, 95% CI 1.30-2.44, p <0.001), cold air (IRR 1.79, 

95% CI 1.25-2.57, p=0.002), air pollutants (IRR 1.99, 95% CI 1.38-2.86, p <0.001), stress (IRR 1.40, 

95% CI 1.01-1.93, p=0.041) (Table 50).  Factors associated with a lower rate of severe 

exacerbations in the preceding year included older age (IRR 0.99, 95% CI 0.98-1.00, p=0.037), tree 

pollen sensitisation (IRR 0.59, 95% CI 0.39-0.89, p=0.011) and a higher quality of life (IRR 0.77, 

95% CI 0.65-0.92, p=0.004) (Table 50).  Participants in clinical cluster 1 (mostly atopic patients 

with well-controlled asthma, normal lung function and no oral corticosteroid use) were less likely 

to experience exacerbations than participants in clinical cluster 4 (obese female patients with 

severe, uncontrolled asthma but normal lung function) (IRR 0.41, 95% CI 0.22-0.78, p=0.006) 

(Table 50).  Regarding atopic sensitisation, patients in cluster 4 with miscellaneous sensitisation 

had a lower risk of future severe exacerbations compared to non-sensitised individuals (IRR 0.61, 

95% CI 0.40-0.92, p=0.020) (Table 50).  

  



Chapter 6 

182 

Table 50 Association between Specific Clinical Characteristics and Future Severe Exacerbations 

in Adult Participants- Univariate Analysis  

 All adult participants with severe asthma  
Demographic details 
Female 1.32 [0.97-1.81] (0.080) 
Age (years) 0.99 [0.98-1.00] (0.037) 
Caucasian 0.96 [0.55-1.68] (0.898) 
Anthropometry 
BMI (kg/m2) 1.00 [0.97-1.03] (0.938) 
Asthma history  
Age at diagnosis (years) 0.99 [0.98-1.00] (0.062) 
ICU admission ever 1.71 [1.21-2.42] (0.002) 
ICU admission in past year 1.98 [0.92-4.28] (0.083)  
Number of exacerbations in previous 
year 

1.21 [1.14-1.28] (<0.001) 

Reported triggers for respiratory symptoms 
Respiratory infections 2.57 [1.42-4.64] (0.002) 
Pets 1.78 [1.30-2.44] (<0.001) 
Exercise 1.54 [0.98-2.41] (0.061) 
Cold air 1.79 [1.25-2.57] (0.002) 
Air pollutants 1.99 [1.38-2.86] (<0.001) 
Stress 1.40 [1.01-1.93] (0.041) 
Pollens 1.42 [1.03-1.94] (0.030) 
Other medical problems  
Diagnosed hay fever 1.20 [0.87-1.65] (0.260) 
Diagnosed allergic rhinitis 0.89 [0.65-1.22] (0.470) 
Diagnosed eczema 1.17 [0.84-1.63] (0.345) 
Food allergy 0.82 [0.41-1.66] (0.581) 
Allergic sensitisation   
Grass pollen 1.09  [0.78-1.51] (0.611) 
Tree pollen 0.59 [0.39-0.89] (0.011) 
Dog 0.93 [0.67-1.31] (0.685) 
Cat 1.02 [0.73-1.43] (0.903) 
House dust mite 0.87 [0.63-1.21] (0.416) 
Mould  0.85 [0.58-1.25] (0.413) 
Atopy 0.77 [0.53-1.12] (0.166]  
Pet exposure and sensitisation  
Dog (not exposed, not sensitised vs)* 
Exposed, not sensitised  1.20 [0.73-1.96] (0.474) 
Not exposed, sensitised 0.98 [0.67-1.46] (0.959) 
Exposed and sensitised  0.90 [0.50-1.61] (0.720) 
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 All adult participants with severe asthma  
Cat (not exposed, not sensitised vs) 
Exposed, not sensitised  0.93 [0.51-1.67] (0.797) 
Not exposed, sensitised 1.03 [0.71-1.49] (0.877) 
Exposed and sensitised  0.90 [0.47-1.70] (0.743)  
Smoking status  (non-smoker vs) 
Ex-smoker 1.10 [0.77-1.57] (0.588) 
Current smoker  0.89 [0.53-1.57] (0.660) 
Spirometry 
FEV1 % predicted  1.00 [0.99-1.00] (0.379) 
FEV1/FVC ratio  1.36 [0.47-3.95] (0.576)  
Asthma control, quality of life and medication adherence  
Asthma control z-score 1.57 [1.33-1.87] (<0.001) 
Quality of life z-score 0.77 [0.65-0.92] (0.004) 
MARS total score 0.96 [0.90-1.03] (0.307) 
Clinical cluster allocation (cluster 4 vs) 
Cluster 1 0.41 [0.22-0.78] (0.006) 
Cluster 2 0.72 [0.47-1.09] (0.123) 
Cluster 3 0.77 [0.52-1.14] (0.189) 
ISAC component atopy cluster allocation  (not sensitised vs) 

Cluster 1 (Multiple sensitisation) 0.92 [0.50-1.70] (0.818) 

Cluster 2 (House dust mite 
sensitisation) 

1.21 [0.73-2.01] (0.461) 

Cluster 3  (Grass pollen sensitisation) 1.16 [0.70-1.93] (0.566) 

Cluster 4 (Miscellaneous sensitisation) 0.61 [0.40-0.92] (0.020)  

 
Figures represent incidence rate ratio, IRR [95% confidence intervals] (p-value)  
Sensitisation was defined as a specific IgE level ≥ 0.35 kU/l or a wheal ≥3mm on skin prick testing.  
Atopy was defined as sensitisation to one or more of the following aeroallergens: tree pollen, grass 
pollen, cat, dog, house dust mite and mould.  
Food allergy was defined as a history of urticaria, angioedema, pruritus, throat tightness, stridor, chest 
tightness or wheeze within two hours of contact with a food  plus a positive skin prick test (≥3mm 
wheal) or positive specific IgE (≥ 0.35 kU/l)  to that food.  
*Exposure refers to the presence of a dog/cat at home.  
A higher asthma control z-score is associated worse asthma control.  
A higher quality of life z-score with a better quality of life.  
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6.3.4 Adult Participants- Multivariable Analysis  

In multivariable analysis, a previous ICU admission (IRR 1.37, 95% CI 1.01-1.86, p=0.045), a higher 

number of exacerbations in the previous year (IRR 1.18, 95% CI 1.12-1.25, p <0.001), symptoms 

triggered by pets (IRR 1.43, 95% CI 1.08-1.89, p=0.013) and poor asthma control at baseline (IRR 

1.37, 95% CI 1.16-1.61, p <0.001) were identified as risk factors for future severe asthma 

exacerbations (Table 51).  These factors remained significant when the clinical and ISAC 

component atopy clusters were included in multivariable analysis (Table 52).  Adults with 

miscellaneous sensitisation had a lower risk of future severe exacerbations compared to non-

sensitised individuals (IRR 0.57, 95% CI 0.39-0.84, p=0.005) (Table 52).  None of the clinical 

clusters were associated with an increased risk of future exacerbations.  

 

Table 51 Association between Specific Clinical Characteristics and Future Severe Exacerbations 

in Adult Participants- Multivariable Analysis 

 Univariate Analysis Multivariable Analysis 
ICU admission ever 1.71 [1.21-2.42] (0.002) 1.37 [1.01-1.86] (0.045) 
Number of exacerbations in 
previous year 

1.21 [1.14-1.28] (<0.001) 1.18 [1.12-1.25] (<0.001) 

Symptoms triggered by pets 1.78 [1.30-2.44] (<0.001) 1.43 [1.08-1.89] (0.013) 
Asthma control z-score 1.57 [1.33-1.87] (<0.001) 1.37 [1.16-1.61] (<0.001) 

 
Figures represent incidence rate ratio, IRR [95% confidence intervals] (p-value). 
Factors with a p-value <0.1 in univariate analysis were entered into the model and backward deletion was 
applied until only factors with a p-value <0.05 remained. Clinical and ISAC component atopy clusters were 
excluded.  
A higher asthma control z-score is associated with worse asthma control.  
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Table 52 Multivariable Models to assess the Association between Cluster Assignment and 

Future Severe Exacerbations in Adult Participants  

 Multivariable Analysis With ISAC clusters With Clinical 
clusters  

ICU admission ever 1.37 [1.01-1.86]  
(0.045) 

1.44 [1.06-1.95] 
(0.018) 

1.43 [1.04-1.98] 
(0.026) 

Number of 
exacerbations in the 
previous year 

1.18 [1.12-1.25] 
(<0.001) 

1.17 [1.11-1.23] 
(<0.001) 

1.20 [1.12-1.27] 
(<0.001) 

Symptoms triggered by 
pets 

1.43 [1.08-1.89]  
(0.013) 

1.48 [1.09-2.01] 
(0.012) 

1.58 [1.17-2.14] 
(0.003) 

Asthma control z-score 1.37 [1.16-1.61] 
(<0.001) 

1.38 [1.18-1.62] 
(<0.001) 

1.39 [1.17-1.66] 
(<0.001) 

ISAC component atopy cluster allocation (not sensitised vs) 
Cluster 1 (Multiple 
sensitisation) 

 0.87 [0.50-1.50] 
(0.613) 

 

Cluster 2 (House dust 
mite sensitisation) 

 0.89 [0.54-1.47] 
(0.643) 

 

Cluster 3  (Grass pollen 
sensitisation) 

 0.71 [0.45-1.13] 
(0.149) 

 

Cluster 4 (Miscellaneous 
sensitisation) 

 0.57 [0.39-0.84] 
(0.005) 

 

Clinical cluster allocation (cluster 4 vs) 
Cluster 1   1.08 [0.59-1.98] 

(0.798) 
Cluster 2   1.19 [0.80-1.76] 

(0.396) 
Cluster 3   0.96 [0.67-1.38] 

(0.845) 

 
Figures represent incidence rate ratio, IRR [95% confidence intervals] (p-value).  
A higher asthma control z-score is associated with worse asthma control.  
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Chapter 7: Discussion and Conclusions  

Wheeze and asthma are major health problems worldwide, affecting all age groups.  Preschool 

children with wheeze have higher morbidity than older children and adults with asthma and 

consume a disproportionately high amount of health care resources.9  For similar reasons, severe 

asthma and asthma exacerbations are also research priorities. This thesis has used data collected 

as part of the EuroPrevall birth cohort study and Unbiased Biomarkers for the Prediction of 

Respiratory Disease Outcomes (UBIOPRED) study to provide new insights into wheeze and asthma 

across the life course.  Areas explored include risk factors for early childhood wheeze, the 

relationship between allergic manifestations and asthma/wheeze severity and risk factors for 

exacerbations in patients with severe asthma/preschool wheeze.  

7.1 Early Childhood Wheeze across Europe  

Early childhood wheeze is highly prevalent affecting up to 50% of children in the first six years of 

life.2  Although several genetic and environmental risk factors have been identified, an improved 

understanding of the aetiology of early childhood wheeze is required to enable the development 

of preventative strategies.  Comparing disease prevalence between populations may provide 

aetiological clues.22  Two major studies (ISAAC152 and the ECRHS23) have demonstrated that there 

are large geographical differences in asthma prevalence in school aged children and adults, 

respectively.  One previous study has compared prevalence rates of asthma and wheeze at age 4 

across Europe (Uphoff et al.).  However, this study utilised data from ten independent cohorts in 

eight countries.29  This is the first study to examine international variations in the prevalence of 

preschool wheeze within a single multi-centre cohort.  

7.1.1 Prevalence Estimates of Wheeze  

This thesis has demonstrated that the prevalence of parent-reported wheeze in the first two years 

of life varies considerably across Europe with a broadly north-western to south-eastern gradient. 

The prevalence of wheeze in the second year of life across all nine study centres was 7.8%, 

ranging from ≤3% in Lodz (Poland), Vilnius (Lithuania), Athens (Greece), and Madrid (Spain) to 

11.8% in Berlin (Germany), 13.1% in Southampton (UK) and 17.2 % in Reykjavik (Iceland).  The 

prevalence of recurrent wheeze (wheeze in the first and second years of life) was also highest in 

Reykjavik (10%) and Southampton (7.9%) and lowest in Lodz, Vilnius and Athens (≤1%).  

Other birth cohorts in which the prevalence of wheeze at 2 years of age has been reported 

include the PARIS (2003-2006), PIAMA (1996-1997) and Generation R cohorts (2002-2006).  3840 
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children were enrolled in the PARIS birth cohort and were followed up regularly from birth to 4 

years.  Amongst the 1773 children with complete follow up data, the prevalence of wheeze 

between the ages of 1-2 years was 12%.40  This is similar to estimates of 13% for Southampton, 

12% for Berlin and 11% for Amsterdam in the EuroPrevall cohort.  Within the Dutch-based 

Generation R and PIAMA cohorts the prevalence of parent reported wheeze at 2 years of age was, 

however, higher at 20.1% 45 and 18%, 13 respectively.  In all of these studies, questions relating to 

wheeze were adapted from ISAAC. In the PARIS, PIAMA and Generation R studies questionnaires 

were self-administered whereas in EuroPrevall they were conducted over the phone by trained 

personnel.  

As previously mentioned, data from ten birth cohorts, including the PARIS and PIAMA cohorts, 

was utilised by Uphoff et al. to examine variations in prevalence rates of asthma and wheeze at 4 

years in Europe. Countries represented included Sweden (BAMSE), England (BiB), Germany 

(GINIplus, MAS, and LISAplus), Spain (INMA), France (PARIS), The Netherlands (PIAMA), Greece 

(RHEA) and Italy (ROBBIC).  Prevalence rates of wheeze ever at 4 years were lowest in Greece 

(9.8%) and France (15.1%) and highest in Germany (42.8%) and Spain (55.4%).  High levels of 

wheeze in Spain contrast with the findings of this thesis.  However, the INMA cohort was 

reportedly not representative of the general population as families were mainly recruited from 

urban areas.   As acknowledged by Uphoff et al., comparing data from independent cohorts has 

limitations due to use of different inclusion and exclusion criteria and variations in time periods of 

collection. Furthermore, for some cohorts outcome variables were generated from data collected 

at different time points, leading to overestimation.29 The conclusions drawn by this thesis on how 

prevalence rates of preschool wheeze differ across Europe are therefore likely to be more 

accurate.    

When the findings of this thesis were compared with those of ISAAC and the ECHRS, similarities 

were observed. ISAAC, which commenced in 1991, comprised three phases. Phase one used 

standardised questionnaires to describe the prevalence of wheeze, asthma, eczema and allergic 

rhinitis in 463,801 children aged 13-14 years from 56 countries and 257,800 children aged 6-7 

years from 38 countries. Phase two subsequently investigated potential aetiological factors 

contributing to the international differences observed in phase one, whilst phase three was a 

repetition of phase one to allow time trends in prevalence to be assessed.  The ECHRS was 

established in 1988.  138,565 adults aged 20-44 years from 48 centres across 22 countries 

completed a phase one screening questionnaire on asthma symptoms and medication use. A 

subsample of participants were subsequently studied in more detail in phase two.28  Questions 

used in ISAAC and the ECHRS included ‘Have you had wheezing or whistling in the chest in the last 

12 months?’ and ‘Have you ever had asthma?’  In keeping with the findings of this thesis, the 
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ISAAC study and ECRHS reported a high  prevalence of wheeze in Western Europe with lower 

prevalences in Eastern and Southern Europe.28 Five countries were represented in EuroPrevall, 

ISAAC and ECRHS: the UK, Germany, Italy, Spain and Greece.  In EuroPrevall and ISAAC (13-14 year 

olds), the prevalence of wheeze in the last 12 months was highest in the UK and lowest in Greece. 

In the ECHRS, the UK had the highest prevalence of wheeze in the last 12 months whilst Italy had 

the lowest and Greece the second lowest.  The rankings of asthma prevalence in ISAAC and ECHRS 

were also similar to those of wheeze in EuroPrevall.  This is not surprising given that early 

childhood wheeze is a risk factor for asthma in later life. The prevalence of wheeze was higher in 

ISAAC and the ECHRS than in EuroPrevall.  For example, in the UK the prevalence of wheeze in the 

last 12 months was 13.1% in EuroPrevall compared to 32.2% at age 13-14 years in ISAAC and 25.2-

29.8% in ECHRS.  There are many potential reasons for this.  Firstly, wheeze is a symptom with 

numerous aetiologies, which differ in children and adults. Secondly, not all older children/adults 

with asthma experience early childhood wheeze and vice versa.  Stern et al., for example, 

demonstrated that 25.8% of young adults with asthma, never experienced childhood wheeze and 

of children with wheeze, 51.8% do not develop asthma.153  Thirdly, there may be a cohort effect 

related to the fact that participants in ECHRS were born up to 50 years before those in EuroPrevall 

and hence were exposed to different environmental influences in early life. Another noteworthy 

finding of ISAAC and the ECHRS is that prevalence rates of wheeze and asthma varied both 

between and within countries.152  If the same is true for preschool wheeze, this may partly explain 

why the prevalence of wheeze at 2 years in EuroPrevall differed from that reported by other 

European birth cohort studies.   

In summary, prevalence rates of wheeze in the first two years of life varied considerably between 

centres in the EuroPrevall birth cohort study with similar prevalence patterns to those observed in 

older children and adults in the ISAAC and ECHRS.   

7.1.2 Risk factors for Early Childhood Wheeze  

The second aim of this analysis was to evaluate risk factors for early childhood wheeze and how 

these differ across Europe, focusing on food allergy, infant feeding and smoke exposure.  Other 

known risk factors for early childhood wheeze, such male gender, a family history of allergic 

disease, respiratory tract infections and day care attendance were taken into account.  Given that 

risk factors for a disease may differ between populations, risk factors for wheeze were 

investigated for the EuroPrevall cohort as a whole and by study centre.  
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7.1.2.1 Food Allergy 

The atopic march describes the natural progression from atopic dermatitis (eczema) in early 

childhood to asthma and allergic rhinitis later in childhood. Although the role of food allergy in 

this is unclear, food allergy is associated with an increased incidence of asthma at school age96  

and worse asthma outcomes.92  Few studies have looked at the association between food allergy 

and early life wheeze.  In the Urban Environment and Childhood Asthma (URECA) birth cohort 

study, food allergy was associated with wheeze in the third, fourth and fifth years of life but there 

was no association between food allergy and wheeze in the first two years of life.  A limitation of 

the URECA study is that food allergy was defined on the basis of positive IgE levels and a history 

suggestive of allergy rather than the outcome of double-blind, placebo-controlled food challenges 

(DBPCFCs).  Furthermore, only 3 foods (milk, egg and peanut) were considered and all children 

were recruited from inner-city areas in the United States.94  Although the prevalence of wheeze in 

EuroPrevall participants with food allergy was higher than the prevalence of wheeze in those 

without food allergy (21.5 vs 7.6%), no association between food allergy and wheeze in the 

second year of life was found when potential confounders were considered. This remained the 

case when IgE mediated food allergy was considered separately (in a post hoc analysis).   This may 

be due to the fact that wheeze in the first two years of life is predominantly driven by respiratory 

tract infections rather than atopy.  

7.1.2.2 Infant Feeding Practices  

Given that breast milk contains antiviral antibodies, a protective effect on early childhood wheeze 

is plausible. 49  It has previously been concluded that exclusive breastfeeding for at least 4 months 

reduces the risk of recurrent wheeze in childhood.49,50  However, no association between 

breastfeeding or breastfeeding duration and wheeze in the second year of life was found in the 

EuroPrevall cohort.  Even when the relationship between breastfeeding duration and wheeze was 

analysed using a categorical variable based on quartiles (in a post hoc analysis), no association 

was seen.  This may be due to the fact that the characteristics of the EuroPrevall cohort differed 

from those in which breastfeeding has been shown to protect against early childhood wheeze.   

Increased overlap between breastfeeding and solids showed a small protective effect against 

wheeze in sensitivity model one.  Grimshaw et al. previously demonstrated that concurrent 

feeding with breast and cow’s milk reduces the risk of food allergy in infancy,154 whilst Snijders et 

al. reported that delaying the introduction of cow’s milk and solids increases the risk of eczema 

and wheeze, respectively.57  A potential explanation for these findings is that breast milk only has 

beneficial immunomodulatory effects when the immune system is exposed to other dietary 
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proteins.154  Further research is needed to establish whether maximising the duration of overlap 

between breast and complementary feeding could help to prevent childhood wheeze.  

7.1.2.3 Smoke Exposure 

Of the smoking variables evaluated, only maternal smoking at one-year follow up was 

independently associated with wheeze in the second year of life. This suggests that providing 

advice to new mothers regarding smoking cessation may help to reduce the burden of early 

childhood wheeze.  Regarding maternal smoking during pregnancy, previous studies have 

demonstrated there are critical time periods of exposure30,45-47,155 and that the risk of preschool 

wheeze and asthma increases in a dose-dependent manner.44  In this analysis, the timing of 

smoke exposure and number of cigarettes smoked by mothers during pregnancy was not 

considered. This may account for the fact that smoking was not identified as a risk factor for 

wheeze in the EuroPrevall cohort.  The results of this analysis do in fact agree with those of the 

Generation R study, which found that children not exposed to smoking during fetal life only had 

higher risks of wheezing at ages 3 and 4 but not at ages 1 and 2.45  An unexpected finding of the 

EuroPrevall study was that the presence of other household smokers was associated with a lower 

risk of wheeze in the second year of life in univariate analysis. However, once potential 

confounders were considered, there was a non-significant trend for other household smokers to 

increase the risk of wheeze.  

7.1.2.4 Respiratory Tract Infections  

The prevalence of both upper and lower respiratory tract infections varied considerably across 

Europe with the highest prevalence in Reykjavik and the lowest prevalence in Vilnius.  Lower 

respiratory tract infections were identified as the strongest risk factor for wheeze in the second 

year of life by the primary model. In the three sensitivity models, upper respiratory tract 

infections were also associated with wheeze.  An association between respiratory tract infections 

and wheeze is supported by previous research.9  For example, among a group of children at 

increased risk of allergies and asthma,  Lemanske et al. found that the most significant risk factor 

for wheeze in the third year of life was symptomatic rhinovirus illnesses during infancy (OR 6.6, 

p<0.0001).  This compares to odds ratio of 2.1 for passive smoke exposure, 2.5 for older siblings 

and 2.0 for allergic sensitisation to foods at one year of age.36  Colder temperatures and low 

humidity increase the occurrence of respiratory tract infections.156,157 Given that respiratory tract 

infections are associated with wheeze, climatic differences may therefore partly explain variations 

in the prevalence of early childhood wheeze across Europe.  



Chapter 7 

192 

In the EuroPrevall study, diagnoses of respiratory tract infections were based on parental report. 

Parents may not understand the difference between upper and lower respiratory tract infections.  

Therefore, the fact that lower respiratory tract infections were more strongly associated with 

wheeze than upper respiratory tract infections may be of limited significance. This finding may 

also be explained by the fact that wheeze is a symptom of lower respiratory tract infections. The 

24-month questionnaire asked parents specifically about wheeze without colds in the past 12 

months, whereas the 12-month questionnaire asked about wheeze in general in the past 12 

months.  A small number of 12-month questionnaires were completed within the time range for 

two-year data.  Therefore, some children with wheeze in the second year of life may have had this 

at the time of a lower respiratory tract infection. Nevertheless, the findings of this analysis 

suggest that respiratory tract infections are more important than food allergy and infant feeding 

practices in the aetiology of early childhood wheeze.  

7.1.2.5 Day Care Attendance  

Day care attendance increases exposure to respiratory tract infections.38 Therefore, it is not 

surprising that this was associated with wheeze in the second year of life.  The PARIS and PIAMA 

birth cohorts also found that early day care attendance is associated with increased wheeze 

before the age of 4 years.38,40 Several studies have, however, reported a protective effect of day 

care attendance on asthma at school age,39,41,158 reflecting the fact that preschool wheeze and 

asthma are different entities. A post hoc analysis was undertaken to determine whether the 

relationship between day care and wheeze was influenced by age at entry to day care or the 

number of hours spent in day care in the first year of life in the EuroPrevall cohort.  In univariate 

analysis, entering day care later was associated with a lower risk of wheeze (IRR 0.98 (per month 

increase), p=0.26, 95% CI 0.97-1.00). However, neither age at entry to day care nor the number of 

hours spent in day care in the first year of life was significantly associated with wheeze in the 

second year of life when included in the primary model.  

7.1.2.6 Eczema  

Studies have previously demonstrated that childhood eczema is associated with both 

wheeze/asthma and food allergy.  Within the Tucson Children’s Respiratory Study for example, 

the adjusted odds ratio for recurrent wheeze in those with eczema was 2.4 (95% CI 1.3-4.6) when 

compared to those without eczema.2  In the HealthNuts study, (a large, population-based study), 

4453 one-year old infants were assessed for a history of eczema and underwent skin prick testing 

to peanut, egg and sesame. Those with eczema had a significantly increased risk of being allergic 

to peanut, egg or sesame (OR 6.2, 95% CI 4.9-7.9, p <0.001).159  In the aforementioned URECA 

study, children with food allergy were also more likely to have eczema in the first three years of 
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life (adjusted OR 3.6, 95% CI 1.8-7.1 for eczema in the first year of life).94  Within the EuroPrevall 

cohort, the prevalence of wheeze in the second year of life was 12.2% in those with eczema 

compared to 5.1% in those without eczema. However, eczema was only identified as an 

independent risk factor for wheeze in the second year of life by sensitivity models one and three 

and not by the primary model or sensitivity model two. This was also the case for recurrent 

wheeze (wheeze in both the first and second years of life).  Studies that have explored the 

relationship between eczema and wheeze phenotypes based on the longitudinal trajectory of 

wheeze have shown that eczema is a stronger risk factor for persistent wheeze than transient 

wheeze.  Kurukulaaratchy et al., for example, found that eczema was more common in persistent 

wheezers (children with wheeze in the first 4 year of life and at age 10) and late-onset wheezers 

(children with wheeze from 5 years onwards and at age 10) than non-wheezers (40.3 vs 21.3%, p 

<0.001 and 40.7 vs 21.3%, p <0.001). There was, however,  no difference between transient early 

wheezers (children with wheeze in the first 4 years of life but not at age 10) and non-wheezers 

(30.7 vs 21.3%).15  Lack of an association between eczema and wheeze in the EuroPrevall cohort 

may therefore be due to the fact that some children in the EuroPrevall cohort will be transient 

wheezers.  It is also possible that some children with viral rashes may have been wrongly 

classified as having eczema. This is suggested by the fact that the prevalence of eczema in 

individual centres was largely concordant with the prevalence of upper respiratory tract 

infections.  

7.1.2.7 Familial Allergic Disease  

Parental allergy also appears to be a more important risk factor for some wheeze phenotypes 

than others. Within the Tucson Children’s Respiratory Study, for example, maternal asthma was 

associated with late-onset wheezing (aOR 2.8, 95% CI 1.4-5.5) and persistent wheezing (aOR 4.1, 

95% CI 2.1-7.9) but not transient early wheezing (aOR 1.6, 95% CI 0.8-3.2).2 Similarly, in the 

(PARIS) birth cohort, a parental history of allergic asthma, eczema and/or allergic rhinitis was not 

associated with transient wheeze in the first four years of life.40 In the EuroPrevall cohort neither 

maternal nor paternal allergy (self-reported, doctor diagnosed asthma, eczema or allergic rhinitis) 

was associated with wheeze in the second year of life according to the primary multivariable 

model. Self-reported, doctor diagnosed maternal asthma and any paternal allergy were, however, 

independently associated with recurrent wheeze (wheeze in the both the first and second years 

of life).  This may be due to the fact that children with wheeze in both the first and second years 

of life are more likely to have persistent wheeze later in childhood than those with wheeze in just 

the second year of life.  
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7.1.3  Strengths and Limitations  

A major strength of the EuroPrevall study is its’ size and the fact that children were recruited from 

nine centres in nine different countries across Europe.  Across the ten Mechanisms of  the 

Development of ALLergy (MeDALL) cohorts included in Uphoff et al.’s study examining variations 

in the prevalence of wheeze across Europe, the largest number of children in any cohort was 5591 

(GINIplus).29  This compares to 12,049 children in the EuroPrevall cohort.  Gene-environment 

interactions are the basis for childhood wheeze and asthma.60 This means that susceptible 

individuals may develop wheeze/asthma in one environment but not another.160  Multi-centre 

studies, in which participants encounter different environmental exposures are therefore 

preferable to single-centre studies for investigating risk factors.  In the EuroPrevall cohort, there 

were large differences between centres in terms of baseline factors and environmental 

exposures, making it an ideal cohort in which to evaluate risk factors for early childhood wheeze. 

As previously discussed, comparing data from independent cohorts such as the MeDALL cohorts 

has limitations due to methodological differences.  The EuroPrevall study therefore offers one of 

the most accurate insights to date on how prevalence rates of early childhood wheeze vary across 

Europe.  There was, however, only one centre per country in the EuroPrevall study. The ISAAC 

study and ECHRS demonstrated variation in wheeze/asthma prevalence rates both between and 

within countries.  Therefore, the wheeze prevalence rates reported for each EuroPrevall study 

centre may not be valid at a country level.  Another major strength of the EuroPrevall is that 

double-blind, placebo controlled food challenges were used to diagnose food allergies.  This 

makes it superior to previous studies investigating the relationship between food allergy and early 

childhood wheeze.  

A potential limitation of any longitudinal study is loss to follow up.  In this analysis, two-year 

follow up data were available in 70% of participants.  However, as outlined in Table 6 follow up 

rates varied between centres. The number of infants from Milan with one-year data was 

especially low because the dates on which most participants’ 12-month questionnaires were 

completed were not available. This made it impossible to determine the age of these infants at 

the time of data collection.  The fact that the baseline characteristics of participants with and 

without two-year data were similar suggests that loss to follow up is unlikely to have had a 

significant impact on the results.  Nevertheless, parents of children who experience wheezing or 

other illnesses are less likely to drop out of a study involving contact with paediatric specialists 

than parents of healthy children. Furthermore, parents with a personal or family history of allergic 

diseases may be more motivated to participate in a study looking at the prevalence of food 

allergy.161 Indeed, at four study centres anonymous data on family history and educational level 

were collected from 2320 parents who declined participation in the EuroPrevall study. Parents 
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who agreed to participate had a higher level of education and were more likely to have allergic 

diseases.137,140 Given that paternal allergic disease and maternal asthma were associated with 

wheeze in some models, the prevalence of wheeze in the EuroPrevall cohort may have been 

higher than in the general population.   

Another potential limitation of this analysis is that wheeze prevalence estimates were dependent 

on parents’ understanding of the term wheeze.  Studies have shown that this differs widely.10 

Michel et al., for example, used a questionnaire survey to assess parents’ understanding of the 

term wheeze.  In a random population sample of 4115 parents, 83.5% correctly defined wheeze 

as a whistling or squeaking noise.  A correct definition was, however, less likely in families of 

South Asian ethnicity (OR 0.56, 95% CI 0.42-0.75, p<0.001), when parents’ first language was not 

English (OR 0.64, 95% CI 0.48-0.85, p=0.002) and in families from deprived areas (OR 0.60, 95% CI 

0.47-0.77).  Mothers educated for more than 16 years were more likely to give a correct definition 

(OR 1.47, 95% CI 1.21-1.79, p<0.001). 162  Maternal education and ethnicity differed between 

study centres.  In some centres more than 10% of mothers had not completed a basic education, 

compared to less than 1% in others.  These differences may have implications for the validity of 

comparisons between centres.  The study questionnaires were, however, translated from English 

into different languages and verified with back translation to English to minimise the potential for 

misunderstanding. Furthermore, they were based on the widely used ISAAC questionnaires, which 

have been validated in many languages for the assessment of wheezing and asthma in school 

aged children.22,139 

As outlined in section 2.4, one and two-year data were derived from 12-month, 24-month and 

symptomatic questionnaires depending on the age at which these questionnaires were 

completed. Recurrent wheeze (wheeze in both the first and second years of life) was initially 

proposed as the primary outcome for this analysis. This was to avoid the inclusion of infants with 

wheeze secondary to a single respiratory tract infection. The prevalence of recurrent wheeze was, 

however, <1% in three centres (Vilnius, Lodz and Athens), making it difficult to evaluate risk 

factors for wheeze in these countries. Furthermore, data on wheeze in the first and second years 

of life was only available in 58% participants. This compares to 73% for data on wheeze in the 

second year of life.  Therefore, wheeze in the second year of life was used as the primary outcome 

to give a larger sample size and allow adjustment for multiple confounders. Most two-year data 

was derived from 24-month questionnaires, which referred specifically to wheeze without colds. 

Therefore, restricting the primary analysis to children with wheeze in the second year of life still 

avoided inclusion of those with wheeze related only to respiratory tract infections.  The study 

questionnaires could have been improved by asking parents how many episodes of wheeze their 

child had experienced in the past 12 months.  This would have allowed a sensitivity analysis 
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including only those who had experienced multiple episodes of wheeze to be performed.  Finally, 

the prospective nature of birth cohort studies limits the potential for recall bias. However, given 

that some questionnaires were completed 6 months after the time period for which they were 

intended to capture data, recall bias cannot be ruled out.   

7.1.4 Future Work 

In the EuroPrevall cohort, heterogeneity between centres in terms of both baseline factors and 

potential risk factors for wheeze was observed.  Therefore, the primary multivariable model and 

sensitivity model one were adjusted for study centre. Study centre was significant suggesting that 

unmeasured factors were operating in individual centres. Further research is needed to identify 

these factors, as these may provide opportunities for intervention.   

The EuroPrevall birth cohort has recently been followed up at school age as part of the Integrated 

Approaches to Food Allergy and Allergen Risk Management (iFAAM) study.  Follow up in all 

centres consisted of an online questionnaire to collect data on allergic diseases, skin prick testing, 

measurement of specific IgE to common food and aeroallergens and collection of DNA. In selected 

centres, including Southampton, spirometry and measurement of eNO were also undertaken.  In 

children with symptoms suggestive of food allergy and/or evidence of sensitisation to foods, 

double-blind, placebo-controlled food challenges were performed.  iFAAM will therefore allow 

the relationship between challenge-proven food allergy and asthma at school age to be examined.  

A link between IgE-positive challenge proven cow’s milk allergy in the first year of life and asthma 

at school age has been demonstrated in a prospective birth cohort study by Saarinen et al.  

However, the relationship between challenge-proven allergies to other foods and asthma needs 

to be explored in a prospective manner.  Using data collected as part of the EuroPrevall study and 

iFAAM, it will also be possible to examine the relationship between wheeze in the first two years 

of life and asthma and food allergy at school age across Europe.  
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7.1.5 Conclusions  

The EuroPrevall birth cohort provides unique data on the prevalence of and risk factors for early 

childhood wheeze across Europe. Early onset food allergy and infant feeding practices were not 

associated with wheeze in the second year of life.  In keeping with previous studies, lower 

respiratory tract infections, day care attendance, maternal smoking in infancy and male gender 

were identified as important risk factors. The relationship between these and wheeze differed 

between centres, suggesting that additional risk factors may be operating in different countries.  

Further research is needed to identify these. Meanwhile, preventing respiratory tract infections 

and minimising postnatal smoke exposure may help to reduce the burden of early childhood 

wheeze.  
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7.2 Allergic Disease and Allergic Sensitisation in the UBIOPRED Cohorts 

An association between asthma and allergy in childhood has been long recognised.60,163  Studies 

have also shown that allergic sensitisation is associated with persistence of asthma into 

adulthood164 and is a risk factor for asthma exacerbations in both children and adults.134  

However, no previous studies have looked at how the prevalences of allergic disease and allergic 

sensitisation differ across the life course in patients with mild to moderate and severe 

asthma/preschool wheeze.  

7.2.1 Allergic Diseases  

In the UBIOPRED study, the prevalence of diagnosed eczema was highest in school aged children, 

followed by preschool children and adults.  Of those with eczema, the proportion with active 

disease did not differ significantly according to age.  The majority of preschool and school aged 

children with eczema developed the condition before the age of 2.  However, in most adults the 

onset of eczema was in later childhood/adulthood. These findings were similar in participants 

with mild to moderate and severe asthma/wheeze.  Previous research has suggested that eczema 

(atopic dermatitis) is largely a disease of early infancy, which tends to remit in the first few years 

of life.  Illi et al., for example, followed 1314 children in the MAS from birth to 7 years.  They 

found that the cumulative prevalence of atopic dermatitis (AD) by age 2 was 21.5% and that of 

the children with AD, 43.2% were in remission complete remission by age 3 years, 38.3% had 

intermittent disease and only 18.7% had persistent AD (characterised by symptoms every year up 

to 7 years of age).78  In the UBIOPRED study, however, 64% of school aged children with severe 

asthma and 70% of school aged children with mild to moderate asthma had active eczema.  This 

suggests that in children with asthma, eczema is not confined to early childhood.  Even amongst 

the adult UBIOPRED cohorts, the prevalence of diagnosed eczema ranged from 29% in the MMAn 

and SAs/ex cohorts to 35% in the SAn cohort.   This is much higher than the prevalence of eczema 

in population based studies of adults.  Recently, for example, Barbarot et al. conducted a large, 

international, web-based survey to estimate the prevalence of atopic dermatitis in adults.165  This 

found that the prevalence of self-reported physician diagnosed AD was 8.4% with a point 

prevalence of 4.4% (95% CI 4.2-4.6%).   

For allergic rhinitis and hay fever, the prevalence of diagnosed disease was lowest in preschool 

children and highest in school aged children.  This was true for participants with mild to moderate 

and severe disease.  Active disease was most common in school aged participants but was 

reported by over 75% of participants in all cohorts.  As expected, onset of disease below the age 

of 2 years was rare.  Although the prevalences of diagnosed allergic rhinitis and hay fever were 
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lower in adults than school aged children, they were still up to 56% (in non-smoking adults with 

severe asthma) and 51% (in non-smoking adults with mild to moderate asthma), respectively.  As 

reported in the baseline adult UBIOPRED paper, these prevalences were higher than those in the 

healthy adult control group.143  Previous research has shown that the prevalence of allergic 

rhinitis in patients with asthma is higher than that of the general population, with some studies 

reporting it to be as high as 80%.166  Furthermore, rhinitis is known to be a powerful predictor of 

adult-onset asthma, particularly in atopic individuals. Shaaban et al., for example, found that in a 

cohort of patients from the ECRHS individuals with allergic rhinitis had a 3.65-fold (95% CI 2.37-

5.61) greater risk of developing asthma than controls over an 8.8 year period.167   

Overall, the above findings from the UBIOPRED cohorts indicate that allergic diseases such as 

eczema and allergic rhinitis are prevalent across the life course in patients with asthma and not 

just in paediatric patients.   Therefore, assessment and management of allergic co-morbidities is 

important in all asthma patients.  

7.2.2 Food Allergy  

For participants with severe asthma, the prevalence of any food allergy was 8.3-10 times higher in 

adults than school aged children with asthma (depending on the cut-off values used to define 

food allergy). The prevalence of any food allergy was also significantly higher in school aged 

children with severe asthma compared to preschool children with severe wheeze.  Similar results 

were seen when comparing the prevalence of food allergies in the mild to moderate 

asthma/preschool wheeze cohorts.  For food allergy as a whole, there were no significant 

differences in prevalence between children with preschool wheeze and adults with asthma. 

However, some allergies were more common in preschool children than adults.  For example, the 

prevalence of possible milk allergy was 4.0% in the SW cohort compared to 0.7% in the SAn cohort 

(0.025) and the prevalence of possible egg allergy was 4.0% in the SW cohort compared to 0.3% in 

the SAn cohort (0.005).  Previous research has demonstrated that cow’s milk and hen’s egg allergy 

tend to develop in the first two years of life and resolve by school age.83,84  Therefore, these 

findings are not surprising.  However, a higher prevalence of milk and egg allergies in school aged 

children compared to preschool children (in both those with mild to moderate and severe 

disease) was an unexpected finding.  Possible explanations for this are that some school aged 

children had outgrown their allergies but had persistent sensitisation or that children with asthma 

are more likely to have co-existing food allergy than children with preschool wheeze.   Regarding 

cow’s milk allergy, some cases are non-IgE mediated.  However, in the UBIOPRED study, only IgE 

mediated allergy was considered.  This may also explain why age related prevalence patterns of 

food allergy differed from previous studies.  Another possible explanation, which warrants further 
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investigation, is that food allergies are more likely to persist into later childhood in those with 

asthma than in the general population.  Numerous studies have demonstrated that allergic 

sensitisation is a risk factor for persistent asthma.60  However, no studies have investigated 

whether the reverse is true in relation to food allergy i.e. that asthma is a risk factor for persistent 

food allergy.  

7.2.3 Atopy  

For both the mild to moderate and severe asthma/preschool wheeze cohorts, the prevalence of 

atopy was lower in preschool children than school aged children and adults.  For example, the 

prevalence of atopy in school aged children with severe asthma was over 2 times higher than in 

preschool children with severe wheeze (42.9 vs 88.8%, p <0.001).  In those with mild to moderate 

disease, the prevalence of atopy was identical in school aged children and adults (89.7%).  In 

school aged children with severe asthma the prevalence of atopy was not statistically different to 

that in non-smoking adults with severe asthma.  The prevalence of atopy was, however, higher in 

the SA and SAn cohorts compared to the SAs/ex cohort.  This may be due to the fact that in 

smokers atopy plays a less important role in the development and expression of asthma.  

Although the prevalence of atopy did not differ between school aged children and non-smoking 

adults with severe asthma, the median number of sensitisations was significantly higher in school 

aged children (4 vs 1, p<0.001).  Previous research has demonstrated that quantification of atopy 

(either by the level of specific IgE, the size of skin test wheals or the number of positive tests) is 

important because it more accurately predicts outcomes such as exacerbations than use of 

arbitrary cut-offs to define atopy.59  This finding therefore suggests that allergic sensitisation may 

be of greater clinical significance in school age children than adults.  Nevertheless, the fact that 

the majority of adults in both the mild to moderate and severe non-smoking cohorts (in whom the 

mean age at asthma diagnosis was 19.9 and 24.0 years, respectively) had atopy, challenges the 

perception that adult-onset asthma is predominantly non-allergic.168 

7.2.4 Comparing Participants with Severe and Mild to Moderate Disease   

In the UBIOPRED study, there were largely no differences between participants with mild to 

moderate and severe asthma/preschool wheeze in terms of eczema, allergic rhinitis, hay fever, 

food allergy and atopy prevalence.  A higher prevalence of allergic diseases/atopy was expected in 

those with severe disease given that allergic sensitisation is implicated in the development of 

asthma and previous studies have demonstrated an association between atopy and worse asthma 

outcomes. 168  In the adult UBIOPRED cohorts, the prevalence of atopy and median number of 

allergic sensitisations was in fact higher in adults with mild to moderate asthma than in non-
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smoking adults with severe asthma and smokers/ex-smokers with severe asthma.  Differences 

between the MMA and SAs/ex cohorts may be due to the influence of smoking on asthma 

severity.  However, a higher prevalence of atopy in the MMAn cohort than the SAn cohort and the 

fact there were no differences between the severe and mild to moderate cohorts in children 

suggests that atopy is not a major driver of asthma severity.   

7.2.5 Strengths and Limitations  

A major strength of the UBIOPRED study is that all cohorts were assessed in the same way, 

allowing direct comparison of outcomes between preschool children, school aged children and 

adults.  In this analysis food allergy as a whole and specific food allergies were evaluated.  It was 

important to consider individual food allergies because the age of onset of food allergy depends 

on the food.83  A limitation of this analysis is that double-blind, placebo-controlled food challenges 

were not used to confirm food allergies. However, use of specific IgE and skin prick test results in 

conjunction with clinical history is more reliable than use of self-report or physician diagnosis 

alone. Furthermore, a sensitivity analysis, using higher cut-off values for skin prick testing and IgE 

results, was performed.  Studies have previously demonstrated that using higher cut-off values 

improves the specificity of skin prick testing and IgE measurement.86,88  The cut-off values used in 

this analysis (5mm for skin prick testing and 10KU/l for specific IgE) are lower than those at which 

100% specificity has been demonstrated.  However, using higher values may have resulted in a 

higher false negative rate of food allergy.   

Regarding the assessment of atopy, use of both skin prick testing (SPT) and specific IgE is a 

strength of analysis. It has previously been proposed that the two should be used in a 

complementary manner because SPT is more sensitive and specific IgE is more specific.  Frith et 

al., for example, demonstrated that among 47 children with severe, therapy-resistant asthma 

there was 20% discordance between SPT and specific IgE results for individual allergens; most 

commonly with SPT being negative and specific IgE being positive.169  Studies have also shown 

that quantification of atopy is important.59 Therefore, in this analysis the median number of 

allergens to which participants were sensitised was calculated.   

Recall bias is an important limitation of the UBIOPRED study, particularly for the adult cohorts 

who are likely to have poor recollection of conditions they developed in childhood. Another 

noteworthy limitation is that participants with mild to moderate wheeze/asthma were recruited 

from general and respiratory clinics.  Therefore, they are unlikely to be representative of patients 

with mild to moderate wheeze/asthma who are managed in primary care.142 This limits the 

external validity of the results and may explain why fewer differences than expected were 
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observed between the mild to moderate and severe cohorts.  In addition to including patients 

managed in primary care, the UBIOPRED study could have been improved by recruiting healthy 

controls into both the adult and paediatric cohorts.  This would have allowed differences in the 

prevalences of allergic disease and allergic sensitisation between those with and without asthma 

to be explored across the life course.   

7.2.6 Future Work 

In this analysis, allergic sensitisation and atopy were defined according to standard allergy tests.  

There were few significant differences between those with mild to moderate and severe 

asthma/preschool wheeze.  The relationship between allergen component clusters and 

asthma/wheeze severity in the UBIOPRED cohorts has been evaluated by Fontanella et al.  

(manuscript in preparation).  Although allergic sensitisation patterns did not differ between 

patients with mild to moderate and severe disease, patterns of connectivity and interactions 

between component-specific IgEs were identified as predictors of asthma severity in school aged 

children and adults with asthma.  Replicating these findings in other cohorts would help to 

determine whether applying network analysis techniques to component-resolved diagnostics data 

would provide useful prognostic information in patients with asthma.  

7.2.7 Conclusions  

This analysis has explored the prevalence of allergic diseases and allergic sensitisation across the 

life course in patients with asthma and preschool wheeze.  The prevalence of allergic diseases and 

allergic sensitisation was also compared between participants with mild to moderate and severe 

asthma/preschool.  Although the prevalence of allergic diseases and atopy were highest in school 

aged children, allergic rhinitis, hay fever and atopy were also highly prevalent in adults with 

asthma.  Furthermore, the prevalences of allergic disease and atopy did not differ according to 

asthma/wheeze severity in children or adults.  Ongoing allergen exposure in sensitised individuals 

is associated with an increased risk of exacerbations and may cause steroid resistance.  Allergy 

testing is therefore recommended in severe asthma.169   However, it is not routinely performed in 

all patients with asthma.  The BTS/SIGN guideline on the management of asthma, for example, 

states that specific IgE and allergen skin prick tests may be of value in selected patients with 

asthma.115  The findings of this analysis suggest, however, that allergy testing may be beneficial in 

all asthma patients in order to identify potential triggers for symptoms and exacerbations.  
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7.3 Exacerbations in the UBIOPRED Cohorts  

Asthma exacerbations are a major cause of morbidity in both children and adults with asthma128 

and are associated with a considerable social and economic burden.12  Therefore, identifying risk 

factors for exacerbations is a key research priority.  It is increasingly recognised that asthma is a 

heterogeneous condition consisting of multiple different phenotypes.100 This analysis aimed to 

determine whether rates of future exacerbations differ between clinical clusters of patients with 

severe asthma/preschool wheeze or between patients with different patterns of allergic 

sensitisation.  Risk factors for future severe exacerbations in the severe UBIOPRED cohorts were 

also explored.   

7.3.1 Exacerbation Rates  

It was hypothesised that rates of future exacerbations would differ between clinical clusters and 

ISAC component atopy clusters of patients in the severe UBIOPRED cohorts.  For paediatric 

participants, higher rates of moderate exacerbations were observed in clinical cluster 2 and 

clinical cluster 6 compared to some of the other clusters.  The median rate of moderate 

exacerbations was, however, 0 for all clinical clusters.  Therefore, these differences are unlikely to 

be of clinical significance.  For paediatric participants, no other differences in exacerbation rates 

were observed between clinical clusters or ISAC component atopy clusters.     

For adults, exacerbation rates did not differ between clinical clusters when taking all types of 

exacerbations into account.  However, clinical cluster 1 had a lower rate of non-hospitalised 

severe exacerbations compared to the other 3 clinical clusters (the median exacerbation rate was 

0 for cluster 1, compared to 0.8 for cluster 2, 1 for cluster 3 and 0.8 for cluster 4, p=0.036).  A 

lower exacerbation rate might be expected in clinical cluster 1 given that this consisted of patients 

with well-controlled asthma, normal lung function and minimal corticosteroid use.  Differences in 

the rates of severe hospitalised exacerbations between clinical clusters were also statistically 

significant. However, once again, the median rate exacerbation rate was 0 for all clusters so these 

differences may not be clinically significant.  

For some types of exacerbations, exacerbation rates differed according to patterns of allergic 

sensitisation in adults.  Previous studies have demonstrated that allergic sensitisation is 

associated with an increased risk of asthma exacerbations in adults.170  It is therefore surprising 

that the median rate of all exacerbations was lower in adults with miscellaneous sensitisation 

compared to non-sensitised adults (1 vs 1.7 exacerbations per year, p=0.002).  The median rate of 

non-hospitalised severe exacerbations was also higher in non-sensitised adults compared to those 

with grass pollen sensitisation (1 vs 0 exacerbations per year, p=0.026) and miscellaneous 
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sensitisation (1 vs 0 exacerbations per year, p=0.026).  A possible explanation for these findings is 

that sensitised individuals had low levels of allergen exposure or had asymptomatic sensitisation.  

Indeed, a significant number of individuals with positive allergy tests have no evidence of allergic 

disease.134  The results may also be confounded by medication use.  For example, adults with 

allergic sensitisation may have been taking higher doses of corticosteroids at baseline putting 

them at lower risk of exacerbations.   

7.3.2 Risk Factors for Exacerbations  

In agreement with previous studies, a history of asthma exacerbations 111,116-118 and poor asthma 

control119,120,122 were identified as risk factors for future asthma exacerbations in all of the severe 

UBIOPRED cohorts.  For every additional exacerbation in the previous year, the risk of future 

severe exacerbations increased by a factor of 1.13 (95% CI 1.03-1.24, p=0.007) in children and 

1.18 (95% CI 1.07-1.31, p=0.002) in adults.  Research in adults has shown that a history of severe 

exacerbations confers a higher risk of future exacerbations than a history of moderate 

exacerbations.118  Therefore, these risk estimates may have been higher if only severe 

exacerbations (rather than any exacerbations) in the previous year had been taken into account.  

Regarding asthma control, in the severe paediatric cohorts, a higher asthma control z-score 

(indicative of better asthma control) was associated with a lower risk of future severe 

exacerbations (IRR 0.57, 95% CI 0.43-0.76, p<0.001) whilst in the severe adult cohorts a higher 

asthma control z-score (indicative of worse asthma control) was associated with higher risk of 

future severe exacerbations (IRR 1.37, 95% CI 1.16-1.61, p<0.001).  These findings suggest that 

optimising asthma treatment to achieve adequate disease control is essential in order to reduce 

the risk of future exacerbations.  Physicians should also ensure that they explore patients’ recent 

exacerbation history at every clinical encounter and intervene when necessary to minimise the 

risk of repeat episodes.  

Other risk factors for wheeze/asthma exacerbations in the UBIOPRED cohorts varied according to 

age.  In preschool children with severe wheeze, stress as a reported symptom trigger was a risk 

factor for future severe exacerbations.  This finding is plausible given that in asthma, emotional 

stress may accentuate inflammatory responses to allergic and infectious triggers through 

neuroimmunological mechanisms.171  Furthermore, stress in preschool children may reflect stress 

in the home environment, which may adversely affect parents’ coping mechanisms and ability to 

manage their children’s asthma.171  

Previous research has shown that boys are more likely to suffer from acute asthma before 

puberty but thereafter the gender difference reverses.128  When school aged children with severe 
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asthma from the UBIOPRED study were analysed separately, girls were 3.17 times more likely 

than boys to experience future severe exacerbations (95% CI 1.78-5.64, p <0.001). In combined 

analysis of preschool and school aged children, being female was also a risk factor for future 

severe exacerbations (IRR 1.79, 95% CI 1.11-2.91, p=0.018).  This may be due to the fact that the 

mean age of participants in the severe asthma cohort was 12.2 years and the severe asthma 

cohort was larger than the preschool wheeze cohort.  In preschool children with severe wheeze, 

there was a trend towards girls being at lower risk of future severe exacerbations than boys in 

univariate analysis. However, this finding was not statistically significant (IRR 0.63, 95% CI 0.28-

1.43, p=0.270).   

 Surprisingly, a higher quality of life was associated with an increased risk of future severe 

exacerbations in school aged children with severe asthma (IRR 1.56, 95% CI 1.07-2.29, p=0.022).  

A possible explanation for this is that patients who do not perceive their asthma to be 

problematic discontinue regular treatment putting themselves at increased risk of asthma 

exacerbations.  Alternatively, some patients with asthma believe that periodic exacerbations are 

to be expected130 and thus may report good quality of life despite frequent exacerbations.   

None of the paediatric clinical clusters were associated with future severe exacerbations in 

univariate or multivariable analysis.  This was unexpected given that one of the variables used to 

generate the clusters was the exacerbation rate at baseline.  Previous research has, however, 

suggested that clusters of asthma patients do not relate to clinical outcomes such as 

exacerbations rates and treatment requirements.104,105  Regarding atopic sensitisation, children in 

ISAC component atopy cluster 4 (with miscellaneous sensitisation) were 2 times more likely to 

experience future severe exacerbations than non-sensitised children (IRR 2.01, 95% CI 1.06-3.81, 

p=0.034).  Allergic sensitisation and atopy were not associated with future exacerbations when 

defined according to standard tests (skin prick testing and specific IgE to whole allergen extracts).  

This finding suggests that performing component resolved diagnostics in children with asthma 

may be beneficial as it may help to identify those at increased risk of exacerbations.  It has 

previously been proposed that quantification of atopy more accurately predicts asthma 

exacerbations than information on the presence or absence of atopy alone and that atopy 

encompasses multiple phenotypes which differ in their association with asthma outcomes.134  For 

example, when Lazic et al. used a machine learning approach to cluster children from the MAAS 

and Isle of Wight birth cohorts into different classes of atopic sensitisation, they found that 

children in the class with sensitivity to a wide variety of allergens had poorer lung function, higher 

eNO levels and most hospital admissions for asthma (aOR 15.3, 95% CI 5.3-44.1 in MAAS and aOR 

2.5, 95% CI 1.3-4.7 in IoW).71   
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In the adult UBIOPRED cohorts, a previous ICU admission (IRR 1.37, 95% CI 1.01-1.86, p=0.045) 

and having symptoms triggered by pets (IRR 1.43, 95% CI 1.08-1.98, p=0.013) were identified as 

risk factors for future severe asthma exacerbations.  Given the latter association, it is surprising 

that patients who were sensitised and exposed to cat or dog were not at increased risk of 

exacerbations compared to those who were not sensitised/exposed.  Indeed, previous studies 

have demonstrated that a combination of allergen sensitisation and high allergen exposure is 

associated with increased asthma severity in both children and adults.134 Murray et al., for 

example, demonstrated that among 60 adults hospitalised with asthma, being exposed and 

sensitised to house dust mite, cat or dog was an independent risk factor for hospital admission 

(OR 2.3, 95% CI 1.0-5.4, p <0.001).170   The risk of hospital admission was further increased in 

adults with allergic sensitisation, high allergen exposure and evidence of viral infection (OR 8.4, 

95% CI 2.1-32.8, p=0.002).170  It is not surprising that a previous ICU admission is a risk factor for 

future severe asthma exacerbations as patients who have required ICU admission are more likely 

to have poorly controlled asthma.  

Whilst children in ISAC component atopy cluster 4 (with miscellaneous sensitisation) were at 

increased risk of future severe exacerbations, adults in this ISAC component atopy cluster were at 

a lower risk of future severe exacerbations (IRR 0.57, 95% CI 0.39-0.84, p=0.005).  A possible 

explanation for this discrepancy is that the miscellaneous sensitisation groups comprised 

individuals with positive responses to a few of a broad range of components.  Therefore, specific 

sensitisation patterns may have differed between children and adults in this ISAC component 

atopy cluster. Children and adults may also have had different levels of allergen exposure, which 

would influence the risk of future exacerbations.  Similar to in children, none of the adult clinical 

clusters were associated with an increased risk of future severe exacerbations.  

7.3.3 Strengths and Limitations  

In the UBIOPRED study preschool children, school aged children and adults were analysed in a 

similar way allowing direct comparison of outcomes between age groups.  Inclusion of preschool 

children is a particular strength of the UBIOPRED study because few previous studies utilising 

asthma clusters have included preschool children and there is limited evidence regarding risk 

factors for exacerbations in children with preschool wheeze.115  Furthermore, most studies of 

preschool wheeze have utilised birth cohorts, whereas in the UBIOPRED study children with 

preschool wheeze were recruited on the basis of a consensus definition.142  The fact that all 

children in the severe wheeze and severe asthma cohorts had to have been under the care of a 

respiratory paediatrician for at least 6 months prior to study enrolment is both a strength and 

limitation of the UBIOPRED study.  The advantage of this is that diagnoses of severe asthma and 
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severe preschool wheeze are likely to have been accurate. However, it also means that 

exacerbation rates may not have been representative of real life.  For all of the severe cohorts, 

the number of exacerbations in the previous year at baseline was higher than the number of 

exacerbations per year during follow up.  For example, for school aged children with severe 

asthma the median number of exacerbations in the previous year at baseline was 4 with an 

interquartile range of 2-5.  This compares to a median exacerbation rate of 1.3 (interquartile 

range 0-3.9) during follow up.  It has previously been recognised that rates of exacerbations in 

clinical trials are likely to be lower than in real life because patients enrolled in trials are usually 

more compliant with treatment and are assessed at regular intervals to assess asthma control.130   

The results of this analysis may also have been subject to recall bias. Although participants were 

asked to contact their local study centre if they experienced an exacerbation, most data on 

exacerbations were collected at longitudinal follow up visits.  Participants’ recollection of what 

treatment they received for exacerbations which occurred 12-18 months previously may be 

unreliable.  Indeed, in some cases, exacerbations could not be classified due to missing data.  For 

all patients, specific doses of controller medications, including inhaled and oral corticosteroids, 

were not available on tranSMART. Therefore, it was not possible to adjust for medication use in 

multivariable analysis. 

Another potential limitation of the UBIOPRED study is that only participants with severe disease 

were followed up.  Although asthma exacerbations are more common in severe asthma,107 they 

occur across all levels of disease severity.113  Therefore, studies evaluating risk factors for asthma 

exacerbations may be more informative if they include patients with both mild to moderate 

severe disease.  Follow up of only participants with severe disease in the UBIOPRED study also 

means that results relating to the clinical and ISAC component atopy clusters need to be 

interpreted with caution because the clusters were generated from participants with both mild to 

moderate and severe disease.  This may in fact explain why overall rates of exacerbations did not 

differ between clusters.  Nevertheless, the percentage of participants in each cluster at baseline 

was similar to the percentage of participants in each cluster at follow up, suggesting that patients 

with severe disease were represented equally in all clusters.  It is also important to note that 

some of the clinical clusters, particularly the paediatric clusters, consisted of small numbers of 

participants.  For example, paediatric clinical cluster 6 comprised only 13 participants, of whom 

only 8 had severe asthma/preschool wheeze.  Similarly, paediatric ISAC component atopy cluster 

3 comprised only 17 participants of whom only 8 had severe disease. Therefore, the conclusions 

drawn by this work on how future exacerbation rates differ between clinical clusters and ISAC 

component atopy clusters of patients with asthma/preschool wheeze need to be validated in a 

larger study.  
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7.3.4 Future Work 

Previous research has that suggested that clinical phenotypes lack temporal stability and may be 

of limited clinical benefit in patients with asthma.172  Furthermore, exacerbation prediction tools 

based on clinical variables have previously been developed but have had limited success.111  It has 

therefore been proposed that asthma endotypes (which arise through common 

pathophysiological mechanisms) need to be identified.100   In this analysis rates of future 

exacerbations did not differ significantly between clinical and allergic sensitisation clusters of 

patients with asthma/wheeze.  In the adult UBIOPRED cohorts, it has already been demonstrated 

that sputum proteomics and transcriptomics differ between clusters based on clinical 

parameters.151  Further work is needed to determine whether novel biomarkers such as 

proteomics and transcriptomics can identify patients at increased risk of asthma exacerbations.  

This may ultimately enable the development of powerful prediction tools combining clinical 

variables and biomarkers.   

7.3.5 Conclusions 

Identifying patients at increased risk of asthma exacerbations is important because it may lead to 

improved disease management and reduced morbidity.  In the UBIOPRED cohorts, a higher 

number of exacerbations in the previous year and poor asthma control were important risk 

factors for future severe exacerbations across the life course.  Female gender was also a risk 

factor for exacerbations in children, whilst having a previous ICU admission and having symptoms 

triggered by pets were risk factors in adults. This thesis has expanded on previous research by 

demonstrating that, overall, rates of future severe exacerbations did not differ between clinical 

clusters or allergic sensitisation clusters of patients asthma/preschool wheeze. Further research is 

needed to determine whether novel biomarkers can predict asthma exacerbations.  In the 

meantime, it is essential that patients with a history of exacerbations are engaged with clinical 

follow up and that asthma control is optimised in all patients.  
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 EuroPrevall Wheeze Manuscript Analysis Plan 

Introduction and Background 

Wheeze is a major health problem in the first two years of life with many children who wheeze, 

later developing atopic asthma. Given that food allergy is one of the first manifestations of atopy, 

infants with food allergy may be more likely to develop early onset, persistent wheeze. Numerous 

factors are, however, implicated in the aetiology of preschool wheeze, including early life 

nutrition and exposure to cigarette smoke.   

We propose to assess the risk factors for wheeze in the first two years of life within the pan-

European EuroPrevall birth cohort, focusing on food allergy, breastfeeding, complementary 

feeding, and peri-natal smoke exposure. This will be undertaken using Poisson regression, 

comparing infants with persistent wheeze (at 12 and 24 months) to a never wheezed group. 

Infants with wheeze at only one time point will not be included in order to reduce the chance of 

including those with wheeze secondary to a single viral respiratory tract infection. Wheeze at only 

12 months and wheeze at only 24 months will, however, be included in a secondary analysis. 

A number of specific hypotheses will be tested. The primary hypothesis will be that early onset 

food allergy (defined by a positive double-blind, placebo-controlled food challenge (DBPCFC)) is 

an important risk factor for early onset, persistent wheeze. Additionally, we will look at the effects 

of the duration of breastfeeding, the timing of onset of complementary feeding, the overlap 

between breastfeeding and complementary feeding, maternal smoking during pregnancy and 

infancy and paternal smoking. Planned additional exposure variables will include antenatal factors 

and maternal and paternal factors such as atopy.   

Data from UK EuroPrevall cohort 

Risk factors for wheeze in the first two years of life have already been analysed using data from 

the UK EuroPrevall cohort focusing on antenatal maternal nutrition and smoking, postnatal infant 

smoke exposure and breastfeeding.  This was undertaken using univariate logistic regression on a 

number of chosen variables from the data set against wheeze at 12 months, wheeze at 24 

months, wheeze at 12 months only, wheeze at 24 months only and persistent wheezing at 12 and 

24 months.  Maternal smoking rates were low in the UK cohort. However, antenatal passive 

smoking was found to be a significant risk factor for persistent wheeze (OR 1.95, 95% CI 1.05-3.62, 

p=0.042).  Longer duration of breastfeeding was protective against wheeze in the first year of life 

(OR 0.94 per week, 95%  CI 0.97-1.00, p=0.005).  
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We propose to repeat and extend this analysis in the complete European EuroPrevall cohort. This 

will allow us to focus on food allergy as a potential risk factor for wheeze and provide the power 

to look for potential protective effects of breastfeeding and increased overlap between 

breastfeeding and complementary feeding. It will also allow us to determine whether antenatal or 

postnatal smoke exposure is most deleterious.  

Hypotheses 

Primary hypothesis: Food allergy presenting in the first two years of life is an independent risk 

factor for persistent wheeze in early childhood.  

Secondary hypotheses:  

• Longer breastfeeding is associated with less persistent wheeze. 

• Increased overlap between breastfeeding and complementary feeding is associated with 

less persistent wheeze. 

• Earlier onset of complementary feeding is associated with less persistent wheeze. 

• Maternal smoking during pregnancy and infancy plus other household smokers are all risk 

factors for persistent wheeze. 

• Birth length, weight and gestation influence the expression of wheeze in the first two 

years of life. 

Dataset 

The EuroPrevall birth cohort dataset is held at the Charité University Medical Centre, Berlin. 

The analysis will include all participants: 

i. satisfying the inclusion criteria  

ii. not satisfying the exclusion criteria 

iii. who were at least 24 months at the cut off point for data entry  

iv. whose data was entered into the study database by the cut-off point  

Statistical Analysis 

Analysis will be undertaken using SPSS v22 and STATA SE v13.  

Data Checking 

Variables in the dataset will be checked to determine whether they lie within acceptable limits 

and whether they are in the correct format.   



Appendix A 

216 

Analysis Plan 

1. Generate dataset for this analysis. 

2. Validate dataset by assessing ranges, means, medians and proportions of each variable, as 

appropriate.  

3. Undertake data cleaning as required. 

4. Generate variables for age at onset of complementary feeding and overlap with 

breastfeeding. 

5. Generate variable coding for the outcome variable: never wheezed, wheeze at 12 

months, wheeze at 24 months and persistent wheeze (wheeze at 12 and 24 months). 

6. Assess the association between exposures (e.g. challenge diagnosed food allergy, 

nutrition, smoking) and persistent wheeze using Poisson regression to model relative risk. 

A 5% level of statistical significance will be used.   

7. Exposures related to the outcome with a p-value of 0.1 or less will be entered into a 

backward deletion multivariable analysis model.  

Authorship of Manuscript 

Writing group: Anna Selby*, Alasdair Munro, Graham Roberts**, 

Other authors: Maximum 2 from each centre plus coordination centre. 

*First author and **last/corresponding author.  
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 EuroPrevall 12-Month Follow-up Questionnaire 
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 EuroPrevall 24-Month Follow-up Questionnaire and Symptomatic 

Questionnaire age 13-24 Months  
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 Thorax Publication 
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 UBIOPRED Ethics Approval- Adult Study 
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 Data Analysis Plan for Prospective Exacerbations in the UBIOPRED 

Study 

Objectives 

i. To assess whether baseline clinical clusters are associated with future asthma 

exacerbations. 

ii. To assess whether baseline ISAC component atopy clusters are associated with future 

asthma exacerbations. 

iii. To explore the characteristics of participants with more frequent severe asthma 

exacerbations. Characteristics may include demographic factors, previous asthma history, 

co-morbidities, allergic sensitisation, environmental exposures (e.g. allergens, irritants) 

and reported symptom triggers.  

End Points 

Exacerbation Rate: 

The exacerbation rate (number of exacerbations per year) will be calculated from the number of 

exacerbations during the follow-up period divided by the number of months of follow-up 

multiplied by 12. This will be the primary outcome for the analysis. 

The prospective exacerbation rate will be calculated separately for moderate, severe and life-

threatening exacerbations to allow for sub-group analyses.  

Definitions of Exacerbations:112 

A moderate exacerbation will be defined as a deterioration in symptoms, lung function and/or an 

increase in bronchodilator use for at least 2 days, but not severe enough to require systemic 

corticosteroids or hospitalisation. 

A severe asthma exacerbation will be defined as an asthma exacerbation involving at least one of 

the following: 

• Use of systemic corticosteroids (oral or parenteral) or an increase from a stable 

maintenance dose for at least 3 days. 

• An asthma-related hospitalisation or visit to the emergency department requiring oral 

corticosteroids (oral or parenteral, any duration).   
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For the purposes of this analysis, severe exacerbations will be divided into those requiring 

hospitalisation and those treated in an outpatient setting.  

A life-threatening exacerbation will be defined as an intensive care unit (ICU) admission due to 

asthma requiring systemic corticosteroids (oral or parenteral, any duration).  

Hypotheses 

Null hypothesis 1: Future exacerbation rates do not differ between baseline clinical clusters of the 

UBIOPRED participants.  

Alternative hypothesis 1: At least one of the baseline clinical clusters has a higher rate of future 

exacerbations.  

Null hypothesis 2: Future exacerbation rates do not differ between ISAC component atopy 

clusters of the UBIOPRED participants.  

Alternative hypothesis 2: At least one of the ISAC component atopy clusters has a higher rate of 

future exacerbations.  

Participants 

Only participants in the severe cohorts (adult A & B; paediatric A & C) will be included in this 

analysis since prospective exacerbation data is only available for these participants.  

Data Required 

Data required for this analysis:  

• Questionnaire data collected at the baseline and longitudinal visits.  

• Allergic sensitisation data – SPT and serum specific IgEs 

• ISAC component atopy clusters 

• Clinical clusters 

Data will be downloaded from TRANSMART and will be quality checked before use in this analysis. 

No missing data will be imputed. 

 

 

 

 



Appendix B 

306 

Baseline and Demographic Characteristics 

For each adult and paediatric cohort, key baseline and demographic characteristics will be 

detailed.  For example, age at assessment, gender, age at diagnosis, ethnicity and symptom 

triggers will be described.  Continuous variables will be summarised using the mean and standard 

error or median and interquartile range and categorical variables will be summarised by counts 

and percentages. The characteristics of those with and without follow-up data will be compared.  

Statistical Analysis 

Primary Analyses: For each clinical cluster, exacerbation rates during the study follow-up period 

will be calculated.  Histograms of exacerbation rates will be produced to determine the 

distribution of the data. If exacerbation rates are normally distributed, means and standard errors 

will be reported.  If not, median and interquartile ranges will be reported.  Differences between 

clusters will be assessed using analysis of variance (ANOVA) for normally distributed data or the 

Kruskal-Wallis test for non-parametric data.  If a result is significant (p < 0.05), post hoc pairwise 

testing will be undertaken to determine which clusters are different from each other.   

The same approach will be taken for the ISAC component atopy clusters.   

Rates of exacerbations for each paediatric and adult cohort will also be calculated and compared 

in the same way.  This will allow us to assess whether any of the clinical/ISAC atopy component 

clusters are more strongly associated with the future rate of exacerbations than the UBIOPRED 

cohort definitions. 

Secondary Analyses: The association of specific clinical characteristics with future severe 

exacerbations (or all exacerbations if there are insufficient events) will be assessed using zero 

inflated Poisson regression or negative binomial regression. Factors which will be considered 

include demographic details, asthma history, co-morbidities, reported symptom triggers, allergic 

sensitisation and lung function. Factors with p<0.1 in univariate analysis will be entered into a 

backward multivariable model to identify independent risk factors for future severe 

exacerbations. Paediatric and adult participants will be analysed separately. Clinical clusters and 

ISAC component atopy clusters will be added to the multivariable models to determine whether 

they are associated with future severe exacerbations.  

Software 

Statistical analysis will be undertaken using Stata SE version 14.  
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 UBIOPRED Paediatric Baseline Paper  
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