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Errata 

Following viva voce examination on 22nd July 2021, the following amendments have 

been made to the thesis, in response to the recommendations received from its 

examiners: Dr Louise Oni and Dr Jonathan Read. 

¶ Section 3.10 

The process behind how duplicated data was dealt with in the LBBS has been further 

clarified. Previously, the removal of duplicated data was only alluded to. The section 

now includes information about which duplicate was removed, and which was kept. 

¶ Section 3.11.5.4 and 3.11.5.5 

Previously, statistically significant differences in symptom prevalence and healthcare 

ǎŜǊǾƛŎŜ ǳǎŀƎŜ ǿŜǊŜ ǊŜǇƻǊǘŜŘ ǳǎƛƴƎ ˔2 ŀƴŘ CƛǎƘŜǊΩǎ 9ȄŀŎǘ ¢ŜǎǘƛƴƎΦ Lǘ ǿŀǎ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ 

these differences would be better to report as odds ratios. The method has therefore 

been updated to reflect this.  

¶ Section 3.11.6 

A more comprehensive overview of how the longitudinal analysis was conducted, has 

been included in the method. Additional details about the stepwise nature of the 

analysis have been added and referenced. The random and fixed effects included in 

the multi-level mixed effects model have been made more explicit too. 

¶ Section 4.5 

The cross-sectional analyses of symptom prevalence and healthcare service usage are 

now reported as odds ratios, instead of 2̝ ŀƴŘ CƛǎƘŜǊΩǎ 9ȄŀŎǘ ¢ŜǎǘǎΦ 

¶ Section 4.5.11 

A table has been inserted, to summarise the risk factors that influenced four key 

outcomes, across the ten cross-sectional timepoints. The four outcomes were deemed 

to be the most clinically-relevant: Total LRSQ Score, Domain 7 Score, GP Attendance 

and Hospital Attendance  

¶ Section 5.2.4 

Further discussion points have been included. One reflects upon the potentially              

non-linear correlation between total LRSQ score and total QoL score. The other 

discusses how co-variates can have a confounding effect upon the univariate analyses 

of the cross-sectional analysis. 
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Abstract 

The Liverpool Baby Breathing Study: A Cross-Sectional and Longitudinal Assessment 
of Respiratory Symptoms in the First Five Years of Life, and Their Impact on Quality 
of Life ς by Conor James Naylor 

Aims: The objectives of the Liverpool Baby Breathing Study were: 1) to compare the 
study population, to the eligible study population; 2) to identify which characteristics 
were associated with an increased drop-out rate; 3) to analyse risk factors for poor 
respiratory health at different ages in the pre-school period; 4) to analyse risk factors 
for poor respiratory health throughout the entire pre-school period; and 5) to validate 
the Liverpool Respiratory Symptom Questionnaire for longitudinal use. 
Introduction: The Liverpool Baby Breathing Study was founded to assess the natural 
history of respiratory health in a cohort of pre-school-aged children in Liverpool. The 
city hosts many pre-established risk factors for paediatric respiratory disease, which 
makes it ideal for assessing which risk factors are most important in the development 
of future disease. The study also assesses the impact of respiratory symptoms on the 
quality of life of children and their parents, through the use of the Liverpool Respiratory 
Symptom Questionnaire. 
Methods: Between January 2013 and November 2014, newborns were recruited from 
the post-ƴŀǘŀƭ ŀƴŘ ƴŜƻƴŀǘŀƭ ǿŀǊŘǎ ƻŦ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭΦ hǾŜǊ ŀ ǇŜǊƛƻŘ ƻŦ ŦƛǾŜ 
ȅŜŀǊǎΣ ǘƘŜ ƛƴŦŀƴǘǎΩ ǇŀǊŜƴǘǎ ŎƻƳǇƭŜǘŜŘ biannual ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ŀōƻǳǘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ 
respiratory wellbeing. Questionnaires were delivered electronically, and consisted of a 
Liverpool Respiratory Symptom Questionnaire ς as well as additional questions about 
ǘƘŜ ŎƘƛƭŘΩǎ exposure to potential risk factors. Data collection ran from May 2013 to 
January 2020.  
Results: The Liverpool Baby Breathing Study cohort consisted of 687 infants, which 
represented 5.5% of the eligible study population. Compared to the eligible study 
population, the study cohort was less deprived, more Caucasian, less breastfed and 
more premature; their mothers were older, more educated and less likely to smoke. 
Those who were from a deprived background, or with a less educated mother, were 
more likely to be lost to attrition throughout the study. Based on cross-sectional and 
longitudinal analyses, the most apparent risk factors for poor respiratory health during 
the pre-school period (i.e. more frequent respiratory symptoms) were found to be: 
having a co-morbidity, attending nursery, being male, having a family history of atopy, 
not sharing a bedroom, and having a younger mother. The Liverpool Respiratory 
Symptom Questionnaire displayed good to excellent internal consistency when used 
longitudinally. 
Conclusions: Not only was the Liverpool Baby Breathing Study able to further endorse 
well-established risk factors as important to the development of paediatric respiratory 
disease, but it was also able to support the importance of less-established risk factors 
too. The Liverpool Respiratory Symptom Questionnaire can now be used as a validated 
tool in future longitudinal studies of pre-school-aged children. 
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Chapter 1: Objectives 

The Liverpool Baby Breathing Study (LBBS, previously known as the Liverpool 

Respiratory Birth Cohort Study) began in 2012 ς with recruitment occurring from 

January 2013 to November 2014, and data collection running from May 2013 to 

January 2020. It is a longitudinal birth cohort study, in which pre-school-aged children 

born in Liverpool are assessed for their prevalence of respiratory symptoms, and how 

ǎǳŎƘ ǎȅƳǇǘƻƳǎ ŀŦŦŜŎǘ ǘƘŜƛǊ ŀƴŘ ǘƘŜƛǊ ǇŀǊŜƴǘǎΩ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ όvƻ[ύΦ ¢ƘŜ ŀǎǎŜǎǎƳŜƴǘǎ ŀǊŜ 

performed by using the parentally-completed Liverpool Respiratory Symptom 

Questionnaire (LRSQ), every six months, between the ages of 4 and 58-months-old. By 

completing these assessments, the primary objective ς as outlined by the study 

protocol (Appendix 1) ς can ōŜ ŦǳƭŦƛƭƭŜŘΥ άǘƻ ŘŜǎŎǊƛōŜ ǇŀǊŜƴǘŀƭƭȅ-reported respiratory 

symptoms within a population-ōŀǎŜŘ ōƛǊǘƘ ŎƻƘƻǊǘΣ ŀǎ ǘƘŜȅ ŀǊŜ ŦƻƭƭƻǿŜŘ ƭƻƴƎƛǘǳŘƛƴŀƭƭȅΦέ 

Alongside the LRSQ, parents complete another questionnaire. This questionnaire asks 

ŀōƻǳǘ ŀ ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊe to demographic and socioeconomic risk factors for paediatric 

respiratory disease. By using this second questionnaire, the secondary objective 

ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ ǇǊƻǘƻŎƻƭ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ ǘƻƻΥ άǘƻ ŜȄŀƳƛƴŜ ŀƴȅ ŀǎǎƻŎƛŀǘƛƻƴǎ 

between different respiratory sȅƳǇǘƻƳǎΣ ŀƴŘ ŜȄǇƻǎǳǊŜ ǘƻ ŘƛŦŦŜǊŜƴǘ Ǌƛǎƪ ŦŀŎǘƻǊǎΦέ 

Throughout the thesis, there will be further exploration of: how the study was set up, 

why Liverpool is an ideal location to assess paediatric respiratory health, why the LRSQ 

is the best way of evaluating respiratory symptoms, and what the most influential risk 

factors are upon paediatric respiratory health. 

Whilst the objectives of the LBBS have been outlined above, the objectives of this 

thesis are as follows: 

¶ Provide an overview of the literature that has already been conducted into the 

natural history of paediatric respiratory health, including many of the published 

studies that have relied upon the LRSQ. 

¶ Explain the methodology of the LBBS, as well as the ideology behind it when 

necessary. 

¶ Evaluate the ǎǘǳŘȅΩǎ ǊŜŎǊǳƛǘƳŜƴǘ ŀƴŘ ŀǘǘǊƛǘƛƻƴ rates and compare these to previous 

birth cohort studies. 
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¶ Create demographic and socioeconomic profiles of the infants and families 

involved in the LBBS and contrast it with profiles of the wider local population and 

the national population. 

¶ Analyse the cross-sectional results for each questionnaire in the LBBS series, by 

looking at: risk factor exposure, total LRSQ scores, LRSQ domain scores, symptom 

prevalence, health service usage, and QoL. 

¶ Analyse the longitudinal results of the LBBS, by using mixed-effects modelling to 

identify the risk factors that collectively pose the greatest threat to respiratory 

health during the pre-school period. 

¶ Validate the LRSQ for use in longitudinal studies, and publish said validation in a 

peer-reviewed journal. 
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Chapter 2: Introduction 

Chapter 1 serves as an introduction to the themes involved in the LBBS. An overview of 

common paediatric respiratory conditions is given to show the burden that respiratory 

disease places on children and healthcare services, and hence why more 

understanding is needed into its natural history. The most common symptoms that 

children with these respiratory conditions present with are also described, in order to 

inform questionnaire choice. Risk factors for paediatric respiratory disease are 

summarised, to support their assessment in the LBBS. A thorough description of the 

ǎǘǳŘȅΩǎ ŎƘƻǎŜƴ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳ ǉǳŜǎǘƛƻƴƴŀƛǊŜΥ ǘƘŜ [w{vΣ ƛǎ ǇǊƻǾƛŘŜŘΤ ŀ 

justification for its use is also given. This is followed by an overview of the various 

other paediatric respiratory symptom questionnaires that are available, but were not 

suitable for the LBBS. A historical review of health and social inequality in Liverpool is 

ŀƭǎƻ ǇǊŜǎŜƴǘŜŘΣ ŀǎ ŀ ƳŜŀƴǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ŎƛǘȅΩǎ ŀǇǘƴŜǎǎ ŦƻǊ ǘƘƛǎ ǇŀǊǘƛŎǳƭŀǊ ǎǘǳŘȅΦ 

Finally, a summary of some previous birth cohort studies is presented, in order to 

ƛƴŦƻǊƳ ǘƘŜ [..{Ωǎ ǎǘǳŘȅ ŘŜǎƛƎƴ ς as well as anticipate its outcomes. 

2.1 Common Respiratory Diseases in Children 

Respiratory disease accounts for the most hospital admissions amongst children. 1 In 

the United Kingdom (UK), 25% of paediatric hospitalisations and 33-50% of primary 

care consultations are for respiratory disease. 2 Respiratory disease cost the UK 

economy £11.1 billion in 2014 ς up from £6.6 billion in 2004. 3 Respiratory disease was 

responsible for 31% of deaths amongst 0 to 14-year-olds in 1968, though had fallen to 

11% in 2012. 4,5 Approximately three-quarters of these deaths were attributable to: 

pneumonia, asthma or cystic fibrosis (CF). 4 Globally, pneumonia is the biggest killer of 

children under  5-years-old: 15% of said children across the world died from the 

disease in 2017. 6  

2.1.1 Allergic Rhinitis 

Also known as hay fever, allergic rhinitis is a common childhood disease, in which the 

nasal epithelium becomes inflamed. 7 When the nasal mucosa is exposed to an 

allergen, an IgE-mediated immune response is launched; IgE stimulates mast cells to 

degranulate ς thus releasing inflammatory mediators into the mucosa. 7,8 The nasal 
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mucosa becomes further inflamed, as it is infiltrated by more immune cells. 8 The 

disease is characterised by sneezing, rhinorrhoea, nasal congestion and itchy eyes, ears 

and nose. The pattern of allergic rhinitis depends on what allergens a child is sensitive 

to. Pollen is usually responsible for allergic rhinitis in the summer months (seasonal), 

but year-round allergic rhinitis is typically caused by dust mites, pet dander and/or 

mould. Where possible, allergic rhinitis can be managed by avoiding allergens ς though 

intranasal corticosteroids and antihistamines are still frequently used. 7 

2.1.2 Asthma 

Asthma is the most common chronic disease amongst children. 2 Approximately 3% of 

pre-school-aged children had a diagnosis of asthma in 2012 ς representing a huge 

decline in lifetime prevalence since the start of the millennium. 9 The condition is 

characterised by obstruction of the small airways, which can be reversed with 

bronchodilators. 10,11 ¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ΨǘǊƛƎƎŜǊǎΩ ŎŀǇŀōƭŜ ƻŦ ƛƴŘǳŎƛƴƎ ŀƴ ŀǎǘƘƳŀǘƛŎ 

response from the airways, such as: allergens, exercise, environmental tobacco smoke 

(ETS), cold weather and respiratory tract infections (RTI). 7,11 Upon exposure to a 

ΨǘǊƛƎƎŜǊΩΣ ǾŀǊƛƻǳǎ ƛƳƳǳƴŜ ŎŜƭƭǎ ǎŜŎǊŜǘŜ ǇǊƻ-inflammatory cytokines into the airway 

mucosa via a complex pathway. These cytokines subsequently cause airway mucosae 

to become oedematous, smooth muscle to constrict/hypertrophy, and mucus to 

hyper-secrete. The three phenomena ultimately cause airway lumina to narrow. 2,10 

!ǎǘƘƳŀ ǘƘŀǘ ƛǎ ΨǘǊƛƎƎŜǊŜŘΩ ōȅ ŀƴ ŀƭƭŜǊƎŜƴ ƛǎ ƪƴƻǿƴ ŀǎ ŀǘƻǇƛŎ ŀǎǘƘƳŀΣ ŀƴŘ ƛǎ ƻŦǘŜƴ 

associated with eczema and/or hay fever too. 2 The classic symptoms of asthma are: 

dyspnoea, chest tightness, tachypnoea, coughing and wheezing. These symptoms can 

last anywhere between a few minutes and a few days, and are generally worse at 

night. 2,11 aŀƴȅ ŎƘƛƭŘǊŜƴ ΨƎǊƻǿ ƻǳǘΩ ƻŦ ǘƘŜ ŘƛǎŜŀǎŜ ŀǎ ǘƘŜȅ ƎŜǘ ƻƭŘŜǊΦ 9 All children with 

asthma are initially treated with a short-acting bronchodilator; if their asthma remains 

uncontrolled, then some children will also require inhaled corticosteroids. For pre-

school-aged children, leukotriene receptor antagonists can be used if asthma still 

remains uncontrolled. 12 In exceptional circumstances, children are referred to an 

asthma specialist so that they can receive alternate therapies. 12 
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2.1.3 Bronchiolitis  

Bronchiolitis is a viral lower RTI, which predominantly affects children under the age of 

2-years-old. The majority of infections are caused by respiratory syncytial virus (RSV), 

but other viruses have been implicated too. 10 As such, bronchiolitis in the UK is 

especially common during the Winter months. 13 The infecting virus induces 

inflammation of the bronchioles, so that their mucosae become oedematous and their 

lumina fill with mucus; infection of the type II alveolar cells leads to surfactant 

deficiency too, which results in a loss of airway patency. 10,14 The small airways 

therefore become narrow and obstructed. Following coryzal symptoms, children 

usually present with: wheezing, a cough, fine respiratory crackles and signs of 

respiratory distress. Most children will recover from bronchiolitis, so long as they 

receive supportive care. 15 However, a small proportion of children (usually under 9-

months-old) require hospitalisation for severe bronchiolitis. In hospital, such children 

may receive oxygen therapy, nasogastric feeding and/or mechanical ventilation. 2,15 

2.1.4 Croup 

Croup is the diagnostic term for an infection of the laryngotracheal tract. It is a viral 

disease ς most commonly associated with parainfluenza ς that is particularly prevalent 

in the Autumn, between 6-months and 3-years-old. 16 Due to mucosal oedema, the 

already-narrow laryngotracheal tract becomes further narrowed; this results in 

increased airway resistance, which can pose a threat to airway patency. 16 Croup 

ǘȅǇƛŎŀƭƭȅ ǇǊŜǎŜƴǘǎ ǿƛǘƘΥ ŀ ΨōŀǊƪƛƴƎΩ ŎƻǳƎƘΣ ƭƻǿ-grade fever, harsh stridor, voice 

hoarseness, laboured breathing, and subcostal/intercostal recessions. 16 With 

supportive care and an oral/intramuscular steroid, most children will recover quickly 

from croup. However, those with impending respiratory failure require hospitalisation, 

in order to receive nebulised adrenaline and/or oxygen therapy and/or nebulised 

steroids. Mechanical ventilation is reserved for the most critical cases. 2,16 

2.1.5 Cystic Fibrosis 

CF is a life-limiting multi-system disease, which is the most common genetic disease 

amongst Caucasians. CF is caused by the autosomal recessive inheritance of a mutated 

CFTR gene. Over one thousand mutations are associated with the disease, yet 80% of 

mutations in the UK are ɲCрлу. 1 Since CFTR proteins are chloride channels, defective 
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CFTR genes result in the dysfunctional transportation of chloride ions across epithelial 

surfaces. Without an ionic gradient, the epithelial surfaces of exocrine glands become 

dehydrated and their secretions become thick. 1,11 Children with CF often experience 

w¢LǎΣ ōŜŎŀǳǎŜ ōŀŎǘŜǊƛŀ ŀǊŜ ŀōƭŜ ǘƻ ŎƻƭƻƴƛǎŜ ǿƛǘƘƛƴ ǘƘŜ ǘƘƛŎƪ ΨǇƭǳƎǎΩ ƻŦ ƳǳŎǳǎ ǘƘŀǘ 

obstruct the respiratory tract; recurrent infections eventually result in bronchiectasis. 

Productive coughs, nasal polyps and sinusitis are common too. 2,11 Children can 

experience digestive, skeletal, hepatopancreatic and reproductive problems as well. 17 

Nowadays, most cases of CF are detected via newborn screening. 2 At the simplest 

level, CF is managed with a combination of: antibiotic prophylaxis, airway clearance 

techniques, mucolytic agents, nutritional interventions and regular exercise. Further 

support is available for those with cystic-fibrosis-related diabetes, active RTIs, low 

bone mineral density, liver disease and/or exocrine pancreatic insufficiency. 18  

2.1.6 Epiglottitis 

Epiglottitis refers to inflammation of the tissues above the glottis. 90% of cases are the 

result of a Haemophilus influenzae B (HiB) infection, and most cases occur during the 

pre-school period. 19 5ǳŜ ǘƻ ǘƘŜ ƴŀǊǊƻǿ ǎǘǊǳŎǘǳǊŜ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ŀƛǊǿŀȅǎΣ ƻŜŘŜƳŀ ƛƴ ǘƘŜ 

epiglottal region can suddenly obstruct the upper respiratory tract; for this reason, 

epiglottitis is a medical emergency. 16 Children typically present with a rapid onset of: a 

high-grade fever, soft stridor, dysphagia, a sore throat, drooling and a visibly-inflamed 

ŜǇƛƎƭƻǘǘƛǎΦ ¢ƘŜȅ ŀƭǎƻ ŀǇǇŜŀǊ ΨǘƻȄƛŎΩΣ ŀƴŘ ǘŜƴŘ ǘƻ ǎƛǘ ƛƴ ŀƴ ǳǇǊƛƎƘǘ όǘǊƛǇƻŘκǎƴƛŦŦƛƴƎύ 

position. 16,19 Epiglottis requires urgent endotracheal intubation, followed by 

intravenous antibiotics. 2 Since the introduction of a HiB vaccination, the incidence of 

epiglottis has declined drastically. 19 

2.1.7 Influenza 

Influenza is a viral respiratory infection, which is transmitted when a mucosal surface 

comes into contact with respiratory secretions ς typically between December and 

March. 11,20,21 The infection can be caused by one of three types of influenza virus: A, B 

or C. Influenza A is the most common circulating strain of the virus, and is responsible 

for larger and more frequent outbreaks of the disease; influenza B is responsible for 

smaller and less frequent outbreaks ς though it is still accountable for a significant 

proportion of childhood infections. Influenza C is a relatively uncommon strain of the 
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virus. 22,23 Pro-inflammatory cytokines are produced by immune cells in response to 

ǘƘŜ ǾƛǊǳǎ ƛƴŦŜŎǘƛƴƎ ǘƘŜ ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘΣ ǿƘƛŎƘ ǎǳōǎŜǉǳŜƴǘƭȅ ƭŜŀŘǎ ǘƻ ǘƘŜ ƭŀǘǘŜǊΩǎ 

inflammation. 24 Most children with influenza will suffer mild symptoms: a fever, a dry 

cough, headaches, myalgia, arthralgia, malaise, a sore throat and/or rhinorrhoea. 22 

They can be treated with supportive care. 1 However, those who are clinically at-risk 

(i.e. they have an underlying medical condition) or who have a genetic disposition, are 

susceptible to developing: primary viral pneumonia, secondary bacterial pneumonia, 

myocarditis or encephalopathy. These children are eligible to receive antiviral 

treatment too. 1,25 

2.1.8 Pneumonia 

Pneumonia is the infection of lung parenchyma, in which alveoli and bronchioles 

become inflamed. 11 In newborns, pneumonia is predominantly caused by Group B 

Streptococcus or Escherichia coli; pneumonia is more likely to be viral or caused by 

Streptococcus pneumoniae/Haemophilus influenzae in pre-school-aged children. 2,26 

Whilst the presentation of childhood pneumonia varies from child to child, hallmark 

features generally include: a fever, tachypnoea, a cough (± sputum), dyspnoea, 

lethargy, poor feeding and respiratory crackles. Children can also present with: 

wheezing, pleuritic chest pain and signs of respiratory distress. 1,11,26 Antibiotics are 

often prescribed to treat a pneumonia, and can usually be given from home. More 

severely ill children may require hospitalisation for oxygen therapy, analgesia and/or 

intravenous fluids. 2 

2.1.9 Upper Respiratory Tract Infections 

On average, children experience six to ten upper RTIs per year ς making them one of 

the most popular reasons for primary care visitation. 1,27 An upper RTI is caused by the 

infection of one part or more of the upper respiratory tract (i.e. the nasal cavity, 

middle ear, pharynx, tonsils, sinuses and larynx). Most upper RTIs are viral in origin, 

but some can be bacterial too. Rhinovirus and RSV are particularly common infectious 

agents, Group A Streptococcus is not uncommon in tonsillitis, and Streptococcus 

pneumoniae/Haemophilus influenzae are known to cause otitis media. 2 The infection 

causes certain structures of the upper respiratory tract to inflame, which results in 

symptoms. Non-specific symptoms generally include: rhinorrhoea, nasal congestion, 
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coughing, a sore throat, otalgia, cervical lymphadenopathy, facial tenderness and 

fevers. 2 Most RTIs are simply managed with supportive care, but those that are 

bacterial in origin may require antibiotics too. 2,28 

2.2 Common Respiratory Symptoms in Children 

Childhood respiratory diseases tend to display similar symptoms. The most common 

such symptoms are: coughing, wheezing, dyspnoea, stridor and coryza. 1 Infants will 

suffer with these respiratory symptoms for an average of four weeks per year. 29 

Coughing, in particular, accounts for the most complaints of paediatric respiratory 

disease. 2  The prevalence of the various respiratory symptoms is poorly-described in 

the existing literature however, so symptom prevalence will be explored later in the 

thesis. 

2.2.1 Cough 

Children cough in order to clear their airway, whenever it is irritated by particulates, 

secretions or inflammation. Upon the mechanical or chemical stimulation of a cough 

receptor in the respiratory tract, afferent nerve impulses are transmitted to the 

brainstem. 30 From the brainstem, efferent impulses initiate a large intake of breath to 

maximise intra-thoracic pressure; the glottis subsequently closes of the larynx, and 

muscles of the chest, abdomen and pelvis all contract. Intra-thoracic pressure further 

increases as the muscles contract, eventually leading to the forceful expulsion of air 

through the airways. 30,31 Sometimes, when the airways are irritated or inflamed, the 

tracheobronchial tree will hyper-produce mucus ς which is ejected as sputum whilst 

coughing. 31 Many diseases can cause a child to cough, including: asthma, inhaled 

foreign bodies, tracheomalacia, tuberculosis, CF and gastro-oesophageal reflux 

disease.  

Character Underlying Pathology 

Productive of Coloured Sputum Infection 

Exercise-Induced/Night-Induced Asthma 

Barking Croup 

Violent Paroxysms, Followed by Inspiratory 

Whoop ± Vomiting 
Pertussis 

Table 1: phenotypes of childhood cough 
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¢ƘŜ ŎƘŀǊŀŎǘŜǊ ƻŦ ŀ ŎƘƛƭŘΩǎ ŎƻǳƎƘ Ŏŀƴ ƎƛǾŜ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǇŀǘƘƻƭƻƎȅ 

(Table 1). 2,31 

2.2.2 Dyspnoea 

Dyspnoea is the discomfort that is felt when more effort is put into breathing, due to 

an increase in respiratory drive or a decrease in ventilation. 31ς33 It is often referred to 

ŀǎ ΨǎƘƻǊǘƴŜǎǎ ƻŦ ōǊŜŀǘƘΩ ό{h.ύΦ 32 The symptom is one of the main reasons that people 

seek medical attention, and though it often has a respiratory basis, it can be caused by: 

neurological, cardiac, psychological and metabolic disease too. 31,32 

2.2.3 Rales 

!ƭǎƻ ƪƴƻǿƴ ŀǎ ǊŜǎǇƛǊŀǘƻǊȅ ŎǊŀŎƪƭŜǎΣ ǊŀƭŜǎ ŀǊŜ ŘƛǎŎǊŜǘŜ ΨǇƻǇǇƛƴƎΩ ǎƻǳƴŘǎ ǘƘat are 

generally heard during inspiration, but can be heard during expiration too. 11,31 They 

originate from the presence of respiratory secretions, which obstruct the airways. As 

the airways expand during inspiration, the pressure gradient is able to equalise across 

any obstructions; this process causes the airway walls to vibrate, which results in 

ΨŎǊŀŎƪƭƛƴƎΩ ǎƻǳƴŘǎΦ 31 wŀƭŜǎ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ ŜƛǘƘŜǊ ΨŎƻǳǊǎŜΩ ƻǊ ΨŦƛƴŜΩΦ ¢ƘŜ ŦƻǊƳŜǊ ŀǊŜ 

lower-pitched, longer in duration and originate in larger airways; the latter are higher-

pitched, shorter in duration and originate in smaller airways. 11,31 In children, rales are 

usually seen in conjunction with pneumonia or asthma. 31 

2.2.4 Stridor 

Stridor is a harsh, high-pitched, monophonic sound produced by turbulent airflow 

through a partially-obstructed upper airway. 16,34 When an airway is narrowed, the 

Venturi Effect causes airflow velocity to increase; such an increase creates a vacuum, 

which then collapses the airway. This is the Bernoulli Principle. Upon its collapse, 

resistance rises within the airway ς resulting in turbulent airflow and increased work of 

breathing. 34 Most stridor is inspiratory in origin, which indicates a narrowing at the 

level of the vocal cords. However, it can also be expiratory or biphasic ς indicating a 

narrowing of the bronchi or subglottal region, respectively. 16,35 Infections account for 

the majority of stridor, but it is also associated with: inhaled foreign bodies, trauma, 

ŀƴŀǇƘȅƭŀȄƛǎΣ ƭŀǊȅƴƎƻƳŀƭŀŎƛŀ όΨŦƭƻǇǇȅ ƭŀǊȅƴȄΩύ ŀƴŘ ǘǳƳƻǳǊǎΦ 2,35 
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2.2.5 Wheeze 

A wheeze is a high-pitched sound, created by the lower airways narrowing. It typically 

occurs during expiration, because at this time, the lower airways become compressed 

by high levels of intra-thoracic pressure. Upon further compression to the already 

narrow airways, airflow velocity increases. A wheeze is produced by the airway walls 

vibrating in response to the increased airflow velocity. 2,31 Wheezes are monophonic 

when there is a focal area of narrowing (e.g. an inhaled foreign body or a tumour), but 

are polyphonic when multiple branches of the tracheobronchial tree are obstructed 

simultaneously (e.g. asthma, bronchitis or bronchiolitis). 10,31 Approximately half of 

children have experienced at least one episode of wheezing, yet despite having 

become almost synonymous with asthma, less than 10% of childhood wheezers are 

diagnosed with asthma. 36ς38 Therefore, an increasing amount of research is looking at 

the different phenotypes of childhood wheeze (Table 2).  

Phenotype Description 

Distinguished by Duration 

Transient Early 

Wheeze 38,39 
Wheezing persists until 3-years-old, but not thereafter 

Prolonged Early 

Wheeze 39 
Wheezing persists until 5-years-old, but not thereafter 

Intermediate-Onset 

Wheeze 39 

Wheezing begins after 18-months-of-age, and persists 

thereafter. There is a strong association with atopy. 

Late-Onset Wheeze 

38,39 

Wheezing begins after 3-years-of-age, and persists 

thereafter. There is a strong association with atopy. 

Persistent Wheeze 38,39 
Wheezing persists from infancy, throughout all of 

childhood 

Distinguished by Frequency 

Episodic Wheeze 40 

Wheezing only occurs at distinct points in time, with no 

symptoms in-between. Often seen in conjunction with a 

viral RTI. 

Multiple-Trigger 

Wheeze 40 

Wheezing is continuous, but there are obvious periods of 

exacerbation. May be associated with atopy. 

Table 2: phenotypes of childhood wheeze 
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2.3 Risk Factors for Paediatric Respiratory Health 

There is an abundance of research about the factors ς both intrinsic and extrinsic to a 

child ς that pose the greatest threat to their overall respiratory wellbeing. Research 

has also identified which factors are protective towards paediatric respiratory health. 

Outlined below are some of the most widely recognised risk factors. 

2.3.1 Air Pollution 

Between birth and 6-years-old, the lungs experience their greatest period of 

development. Therefore, if exposed to air pollution, they are more susceptible to 

impaired lung growth and function, immune dysfunction, and faulty repair 

mechanisms. 41ς44 A major source of air pollution is busy roads, as they are where 

nitrogen dioxide (NO2) and fine particulate matter levels are highest. NO2 and fine 

particulate matter are noxious when inhaled. Children who live close to a busy road 

are more likely to be diagnosed with asthma or have an asthma attack. They are also 

more likely to experience: wheezing, coughing, pneumonia and RTIs. 45ς48  These 

symptoms are common in all highly-polluted areas though. 49ς51 Asthma-like symptoms 

are more common in areas of high air pollution, and often result in the hospitalisation 

of school-aged children. 43,52 Pre-school-aged children are more likely to be 

hospitalised with pneumonia or acute bronchitis when they live in a polluted area. 52 

Living in a rural area, or near green space, is actually protective against asthma. 46,53  

2.3.2 Breastfeeding 

Breastfeeding is widely considered to protect childrenΩǎ ǊŜǎǇƛǊŀǘƻǊȅ ƘŜŀƭǘƘ. Children 

who are breastfed for the first nine months of life experience less coughing, wheezing 

and/or phlegm production, compared to those who are breastfed for any longer or 

shorter. 54 Infants who are breastfed for more than twelve weeks are less likely to 

suffer RTIs too ς though this phenomenon is more applicable to the first half of 

infancy. 55ς57 In fact, the overall protective effect of breastfeeding appears to be most 

apparent in the first 2 years of life, before diminishing with age. 58,59 Numerous studies 

agree that breastfeeding is protective against wheezing and/or asthma. However, 

infants may need to be breastfed for up to six months ς or even a year ς in order to 

reap any benefits. 54,59ς62 Breastfeeding can also reduce the risk of hospitalisation with 
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lower respiratory tract disease, and may reduce a childΩǎ susceptibility to the effects of 

ETS. 63,64 

2.3.3 Co-morbidities 

Various co-morbidities are associated with paediatric respiratory disease. Pulmonary 

and neurological co-morbidities are particularly associated with influenza 

hospitalisations, but any co-morbidity will increase the risk of being hospitalised for a 

lower RTI. 65,66 Respiratory symptoms are more prevalent in HIV sufferers ς as is poor 

lung function. 67 Neurodisability has been connected to an increased chance of 

experiencing chronic respiratory symptoms. 68 RTIs may increase the risk of childhood 

asthma, but asthma may increase the risk of RTIs too ς especially those requiring 

ƘƻǎǇƛǘŀƭƛǎŀǘƛƻƴΦ /ƘƛƭŘƘƻƻŘ ƻōŜǎƛǘȅ ŀƭǎƻ ƛƴŎǊŜŀǎŜǎ ƻƴŜΩǎ ŀǎǘƘƳŀ ǊƛǎƪΦ 46,59,69,70 Congenital 

airway abnormalities are more frequent amongst those with: neurological defects, 

chromosomal abnormalities, and cleft lips/palates. 71 

2.3.4 Deprivation 

[ƛǾƛƴƎ ƛƴ ŘŜǇǊƛǾŀǘƛƻƴ Ŏŀƴ ƛƴŎǊŜŀǎŜ ŀ ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊŜ ǘƻΥ ǇƻƻǊ ƴǳǘǊƛǘƛƻƴΣ ǇǊŜƳŀǘǳǊƛǘȅΣ 

antenatal smoking, poor air quality, damp housing, overcrowding, poor vaccination 

uptake and lack of green space. 72 These are all pre-established risk factors for poor 

paediatric respiratory health. Deprived children are more likely to be admitted to 

hospital with acute respiratory failure or an RTI. It is likely that deprivation increases 

the risk of contracting an RTI too, but there is conflicting evidence. 55,72ς77 The 

association between deprivation and asthma also has conflicting evidence. There 

might not be a link between the two, yet some data suggests that asthma is less 

prevalent in deprived children. Asthmatic children can experience more severe 

symptoms however, if they come from a deprived background. 78,79  

2.3.5 Ethnicity 

Recent years have shown an increasing interest into the effect of ethnicity on 

respiratory health. Caucasian children have greater FEV1 and forced vital capacity 

measurements, as well as greater functional residual capacity (when standing), 

compared to children of other ethnicities ς especially black children. 80,81 Black children 

are 1.7 times more likely to suffer from respiratory disease at 3-years-old, with 

tonsillopharyngitis and lower RTIs being particularly more common by school-age. 70,82 
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Children with black parents may have an increased chance of being asthmatic too. 83 

Non-Caucasian children have a higher risk of influenza-related hospitalisation, and with 

the exception of Asian/Pacific Islander infants, are more likely to die from a lower RTI 

during infancy. 65,84  

2.3.6 Family History of Atopy 

The relationship between familial atopy and wheezing disorders has been thoroughly 

established. 85ς89 A maternal history of asthma is strongly associated with wheezy 

and/or asthmatic children; sibling and paternal histories are still associated ς albeit to 

a lesser extent. 29,59,88,89 In fact, a maternal history of asthma may subdue the 

protective effects of breastfeeding, because asthma is more common amongst 

breastfed 6-year-olds when their mother has the disease too. 62 A maternal history of 

asthma will increase the risk of infantile lower RTIs, whilst a maternal history of hay 

fever will decrease the prevalence of childhood respiratory symptoms. 29,55,90 The same 

cannot be said for children with a paternal and/or sibling history of hay fever however, 

as such children are more likely to wheeze. 88  

2.3.7 Household Population 

There is inconsistent research into how the ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ŀ ŎƘƛƭŘΩǎ ƘƻǳǎŜƘƻƭŘ affects 

their respiratory health. Household crowding, and the presence of older siblings, are 

correlated with an increased incidence of lower RTIs. 55,91ς93 However, they are also 

associated with lower rates of asthma and atopic disease. 53,89,91,94 Infants are still 

more likely to be hospitalised with an RSV infection, when they have older siblings 

though. 75 These trends imply that (older) siblings expose children to infectious agents 

in early life (resulting in more RTIs). Such exposures then prime the immune system, so 

ǘƘŀǘ ƛǘ ŘƻŜǎƴΩǘ ōŜŎƻƳŜ ǎŜƴǎƛǘƛǎŜŘ ǘƻ ƛƴƴƻŎǳƻǳǎ ŀƎŜƴǘǎ ƛƴ ƭŀǘŜǊ ƭƛŦŜ ς thus preventing 

atopy. 89 

2.3.8 Living Conditions 

A childΩǎ ƭƛǾƛƴƎ ŎƻƴŘƛǘƛƻƴǎ are known to influence their respiratory health. Families of a 

lower socioeconomic status report living in worse conditions, so are exposed to more 

potential triggers of paediatric respiratory disease. 83 Children experience more 

respiratory symptoms, whenever their household air contains traces of: NO2, calcium, 

chlorine or silicon. 95 Pests and water leaks are known to increase the risk of 
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developing asthma, but damp and mould in particular, can increase the risk by 30-50%. 

Mould also leads to more emergency hospital admissions amongst asthmatic children, 

when it grows in their bedrooms. 59,83,96 Living on a farm is said to be protective of 

asthma. 59 The presence of household damp, mould and/or humidity raises the 

incidence of respiratory infections. 70,97  

2.3.9 Low Birth Weight 

Most research suggests that ŀ Ψlow birthweightΩ is a risk factor for respiratory disease 

in children ς especially amongst 2 to 6-year-olds, and those exposed to ETS. 98 There is 

some data to suggest that respiratory symptoms are actually more common amongst 

children of a higher birthweight. 29 ! Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ƛǎ connected to poorer lung 

function, which can even persist into adulthood (especially amongst males). 99,100  

Asthma and wheezing is more prevalent amongst those born at less than 2.5kg. 

However, recurrent wheezing may be less common within this demographic during 

infancy. 29,59,87,101,102 Infants born at less than 2.5kg also have a greater risk of dying 

from a RTI ς possibly because they are more likely to suffer from severe RSV  

infections. 84,103  

2.3.10   Maternal Age 

Research is increasingly looking at the role of maternal age, in paediatric respiratory 

disease. Children born to a mother aged less than 25-years-old, are more likely to: be 

hospitalised with RSV, have airway disease, or die of a lower RTI. 84,103,104 Of course, 

the fact that younger mothers tend to be more deprived and tend to smoke more, 

could influence these statistics. 105 A maternal age of less than 20-years-old has been 

associated with an increased prevalence of childhood asthma. This phenomenon has 

been observed across the globe, but in Mexican-American women, a young maternal 

age is protective against childhood asthma ς suggesting a degree of cultural 

dependency to this particular risk factor. 106ς108  

2.3.11   Nursery Attendance 

The majority of data implies that nursery attendance is a significant risk factor for 

respiratory health. Children who attend nursery experience more respiratory 

symptoms; wheezing is particularly common during the infantile years. 29,86ς88,109 RTIs 

are more likely when children attend nursery, so the fact that attendees visit a doctor 
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twice as often as non-attendees is not surprising. 110,111 Diagnosable respiratory 

diseases are also more common amongst nursery attendees, and the risk of atopic 

disease is higher when children enter nursery before 6-months-old. 51,89 However, 

since nursery attendance can increase ŀ ŎƘƛƭŘΩǎ exposure to infectious/sensitising 

agents, there may actually be a protective effect associated with it. Such an effect may 

only become apparent in later childhood though. 89 

2.3.12   Nutrition 

2.3.12.1    Maternal Diet 

! ƳƻǘƘŜǊΩǎ diet during pregnancy can influence heǊ ŎƘƛƭŘΩǎ ŦǳǘǳǊŜ respiratory health. 

Infants appear to wheeze more, if their mother ate a lot of fast-food during pregnancy; 

the risk of wheezing also increases, as maternal body mass index increases. Childhood 

asthma is associated with maternal obesity too. 59,87,112 If their mothers had 

carbohydrate-rich diets during pregnancy, infants are more likely to have severe RSV 

infections. 113 On the other hand, ŀ ΨaŜŘƛǘŜǊǊŀƴŜŀƴ ŘƛŜǘΩ during pregnancy is believed 

to be beneficial to childrenΩǎ ŀƛǊǿŀȅ ŦǳƴŎǘƛƻƴƛƴƎ ς and to the prevention of wheezing. 

Fish and apples are particular protective against asthma/atopy. 114ς116 Benefits to 

infantile respiratory health have also been seen from maternal diets that are rich in: 

fibre, zinc, vitamin D and vitamin E. 59,115,117 

2.3.12.2    /ƘƛƭŘΩǎ 5ƛŜǘ 

Just as maternal diet Ŏŀƴ ƛƳǇŀŎǘ ŀ ŎƘƛƭŘΩǎ ǊŜǎǇƛǊŀǘƻǊȅ ƘŜŀƭǘƘΣ ǎƻ ǘƻƻ Ŏŀƴ ŀ ŎƘƛƭŘΩǎ diet. 

!ƎŀƛƴΣ Ψ²ŜǎǘŜǊƴ ŘƛŜǘǎΩ ŀƴŘ ǘƻƻ ƳǳŎƘ Ŧŀǎǘ-food can lead to an increased prevalence of 

wheezing, RTIs and dyspnoea amongst pre-school-aged children. 118,119 Obesity is also 

associated with an increased asthma risk again. 59 Fortunately, asthma and wheezing 

ŀǊŜ ǘƘƻǳƎƘǘ ǘƻ ōŜ ǇǊŜǾŜƴǘŀōƭŜ ōȅ ŀŘƘŜǊƛƴƎ ǘƻ ŀ ΨaŜŘƛǘŜǊǊŀƴŜan dietΩ. Fruits provide 

more of a protective effect than vegetables, but this becomes more apparent as 

children become older. 59,119,120 Symptoms of an upper RTI can be minimised by 

following a diet of green vegetables, beef, and dairy products. 121 Any malnutrition 

however, can cause the respiratory system to under-develop ς especially in the first 

three years of life. 72  
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2.3.13   Parental Education 

Parental education has recently emerged as a potential risk factor for paediatric 

respiratory disease. Diagnosable respiratory diseases are more common amongst 

children whose fathers have a poor education. 51 An incomplete maternal high school 

education increases the risk of respiratory failure in preterm infants, whilst less than 

twelve years of maternal education raises ŀƴ ƛƴŦŀƴǘΩǎ ƭƻǿŜǊ w¢L mortality risk. 84,122 The 

risk of developing asthma is greater in children whose mothers have a low level of 

education, and even amongst diagnosed asthmatics, having less educated parents is 

associated with poorer control over the disease. 123,124 ²ƘŜƴ ŀ ŎƘƛƭŘΩǎ ǇŀǊŜƴǘǎ ŀǊŜ ƭŜǎǎ 

educated, their FEV1 is lower, and they are more likely to be hospitalised with 

influenza. 65,125 

2.3.14   Prematurity 

Premature birth (<37 weeks) is a well-documented risk factor for poor paediatric 

respiratory health, where children with the smallest gestational ages bear the greatest 

risk. 59,126 However, children who are born late-preterm or early-term still experience 

more respiratory symptoms than their full-term counterparts. Late-preterm infants are 

hospitalised more often than full-term infants too. 127,128 The risk that prematurity 

poses, can partly be explained by its association with bronchopulmonary dysplasia. 

Bronchopulmonary dysplasia is more common in extremely premature births (<28 

weeks), and is known to result in a higher prevalence of respiratory symptoms and 

poorer lung functioning. 126,129 Lung function is poor in many premature infants  

though ς especially males. 99,130 Infantile respiratory infections are more frequent in 

those born very prematurely (<32 weeks). 126 Wheezing and asthma are more common 

amongst prematurely-born children, and again, the most premature children are the 

most likely to be wheezy/asthmatic. 109,131,132  

2.3.15   Sex 

The majority of literature identifies males as being at a higher risk of respiratory 

disease, compared to females. This risk may be even greater for males born 

prematurely. 126 They experience more respiratory symptoms, and visit healthcare 

services for said symptoms, 50% more often. 29,110 Wheezing is particularly more 

common amongst boys. 85ς89,109  Boys are more likely to suffer and die from lower RTIs, 
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as well as be hospitalised with RSV ς possibly because they have smaller airways, and 

are thus more susceptible to the pathophysiologic sequalae of an RTI. 75,84,111,133 

Conversely, girls may experience upper RTIs more frequently. 70 

2.3.16   Sharing a Bedroom 

Sharing a bedroom in childhood appears to be detrimental to paediatric respiratory 

health, although with a relatively limited evidence base, it is difficult to conclude how 

significant the risk is. 91 The likelihood of an RSV-associated lower RTI (in the first three 

months of life) increases, as more people share a bedroom with said infant. 133 Lower 

RTIs are more common when the bedroom is shared with another pre-school-aged 

child; sharing with an adult makes upper RTIs more common. 111 When toddlers share 

an actual bed, then they are deemed to be at greater risk of asthma in later life. 134  

2.3.17   Smoking 

Exposure to second-hand tobacco smoke is responsible for a significant amount of 

chronic respiratory disease. 96 Children can be exposed to tobacco smoke in two 

ŘƛŦŦŜǊŜƴǘ ǎǘŀƎŜǎ ƻŦ ƭƛŦŜΥ ŀƴǘŜƴŀǘŀƭƭȅ ŀƴŘκƻǊ ǇƻǎǘƴŀǘŀƭƭȅΧ 

2.3.17.1    Antenatal Smoking 

Evidence consistently links smoking during pregnancy, with poor paediatric respiratory 

health. However, some research suggests that any detriment will dwindle throughout 

infancy, whilst other research suggests that school-age children are worst-affected by 

antenatal smoking. There might even be a lifelong risk of respiratory disease. 29,56,59,135 

Amongst children whose mothers smoked antenatally, lung function is poorer and 

RSV-associated hospitalisations are higher. 75,136 Wheezing is also more prevalent, 

ŜǎǇŜŎƛŀƭƭȅ ƛŦ ŀ ŎƘƛƭŘΩǎ mother smoked in the second and/or third trimester. 87ς89,137 Not 

only is bronchiolitis commoner in infants whose mothers smoked during pregnancy, 

but the mortality risk from the disease (and other lower RTIs) is greater too. 84,138 

Antenatal smoking can increase the risk of prematurity and Ψlow birthweightΩΥ ǘǿƻ 

known risk factors for poor respiratory health ς which may exacerbate the effects of 

smoking during pregnancy. 56 
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2.3.17.2    Postnatal Smoking 

Approximately 65,000 children die from the underlying effects of ETS every year, 

across the world. 139 Pre-school-aged children are at a particular detriment to the 

effects of ETS. 59 RTIs are more common amongst those exposed to ETS, as are asthma 

and asthma attacks. 83,93,96,111,140,141 Maternal smoking presents a larger risk than 

paternal smoking, in the development of: upper RTIs, asthma and wheezing. 87,140,141 

When a child lives with more than two smokers, they are at a heightened risk of 

acquiring severe pneumonia. 142 

2.4 The Liverpool Respiratory Symptom Questionnaire 

2.4.1 Origins of the LRSQ 

The LRSQ is an accepted respiratory symptom questionnaire, which has been validated 

for use amongst pre-school-aged children. Powell et al. developed it in Alder Hey 

/ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ŀƴŘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭ (LWH) because at the time, there 

was no standardised questionnaire for assessing the prevalence nor natural history of 

respiratory symptoms in the pre-school age group. 143 The most widely-used 

respiratory symptom questionnaire was the ISAAC questionnaire, but it was only 

validated in school-aged children. 144 

The original questionnaire contained thirty-four items, derived from existing 

respiratory symptom questionnaires. The items were divided into four domains: 

ΨŘŀȅǘƛƳŜ ǎȅƳǇǘƻƳǎΩΣ ΨƴƛƎƘǘ ǘƛƳŜ ǎȅƳǇǘƻƳǎΩΣ ΨƛƳǇŀŎǘ ƻŦ ǘƘŜ ǎȅƳǇǘƻƳǎ ƻƴ ǘƘŜ ŎƘƛƭŘΩΣ 

ŀƴŘ ΨƛƳǇŀŎǘ ƻƴ ǘƘŜ ŦŀƳƛƭȅΩΦ 143 Each item utilised a five-point Likert scale, as used in a 

previous parentally-completed questionnaire by Usherwood et al. 145 The original 

questionnaire can be found in Appendix 2. 

The questionnaire was validated, based on responses from 114 caregivers. Each 

caregiver completed the LRSQ on two separate occasions. This allowed its short-term 

ǊŜƭƛŀōƛƭƛǘȅ ǘƻ ōŜ ǘŜǎǘŜŘΤ ǳǎƛƴƎ /ƻƘŜƴΩǎ ƪŀǇǇŀΣ ŀƭƭ questions ς ōŀǊ ƻƴŜΣ ŀōƻǳǘ Ψƴƻƛǎȅ 

ōǊŜŀǘƘƛƴƎ ŦǊƻƳ ǘƘŜ ǘƘǊƻŀǘΩ ς showed at least moderate short-term reliability. Both 

/ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŀƴŘ ŦŀŎǘƻǊ ŀƴŀƭȅǎƛǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ƻŦ 

each domain ς with all four domains showing moderate to excellent internal 

consistency. When the LRSQ scores of children who had been officially diagnosed with 
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asthma (based upon physician expertise) were compared with non-asthmatic children, 

all domains of the LRSQ were deemed sensitive to differentiating between asthmatic 

ŀƴŘ ΨǿŜƭƭΩ ŎƘƛƭŘǊŜƴΦ ¢Ƙƛǎ ƛǎ ǘŜǎǘŀƳŜƴǘ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜΩǎ ŎǊƛǘŜǊƛƻƴ ǾŀƭƛŘƛǘȅΦ The 

content validity of the LRSQ (i.e. whether it adequately encompasses all relevant areas 

of paediatric respiratory health) was deemed acceptable by two respiratory 

paediatricians. 143 

Despite the apparent success of the LRSQ, during factor analysis, four questions were 

found to have poor internal consistency with the rest of their domains, so they were 

removed from the questionnaire. In light of this, the questionnaire was reorganised 

into eight domains. Three of the new domains had excellent internal consistency: an 

ŀƭǇƘŀ ǎŎƻǊŜ ƻŦ җлΦфмΣ ǿƛǘƘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŘƻƳŀƛƴ ǇƻǎǎŜǎǎƛƴƎ ŀŎŎŜǇǘŀōƭŜ ƛƴǘŜǊƴŀƭ 

consistency. 143  

2.4.2 Usage of the LRSQ 

¢ƘŜ [w{v Ƙŀǎ ōŜŜƴ ǾŀƭƛŘŀǘŜŘ ǘƻ ŘƛǎǘƛƴƎǳƛǎƘ ōŜǘǿŜŜƴ ŎƘƛƭŘǊŜƴ ǿƘƻ ŀǊŜ ΨǿŜƭƭΩ ǿƛǘƘ /CΣ 

ŀƴŘ ǘƘƻǎŜ ǿƘƻ ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ ŘƛǎŜŀǎŜΦ 146,147 The questionnaire has also been validated 

for distinguishing children ς up to the age of twelve ς ǿƘƻ ŀǊŜ ΨǿŜƭƭΩ ǿƛǘƘ /CΣ ŀƎŀƛƴǎǘ 

those who are experiencing an exacerbation. 147 

The LRSQ is has been employed in studies that assess respiratory symptoms in children 

with neuro-disabilities. 148 One such study adapted the LRSQ, by removing the 

ΨǎȅƳǇǘƻƳǎ ǿƛǘƘ ŀŎǘƛǾƛǘȅΩ ŘƻƳŀƛƴΦ Lǘ ŦƻǳƴŘ ǘƘŀǘ ŎƘƛƭŘǊŜƴ ǿƛǘƘ ƴŜǳǊƻ-disabilities have 

significantly higher total scores, than those without. 68 Another study found that 

neuro-disabled children have higher total scores, when their gastroesophageal reflux is 

treated surgically ς compared to no surgery at all. 148 A future study will assess 

respiratory symptoms in neuro-disabled children who take a year of prophylactic 

azithromycin. 149 

The questionnaire is commonly used in studies that explore the natural history of 

asthma. Researchers in the Netherlands have used the LRSQ for multiple projects that 

aim to identify a biomarker for the inflammatory disease. 150ς152 In doing so, they have 

found that future asthmatics have higher LRSQ scores during the pre-school period 

than transient wheezers do. 150  
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The LRSQ has frequently been used to investigate the association between respiratory 

symptoms and prematurity. 128,130,132,153ς157 By using the questionnaire, Edwards et al. 

found that increasing prematurity will increase the prevalence of respiratory 

symptoms. They also discovered that an early-term birth was associated with more 

prevalent respiratory symptoms, and more frequent healthcare attendance. 128,132 

Others researchers have shown that prematurity will increase the total LRSQ score, 

due to the fact that a child is more likely to suffer from chronic lung disease. 153,154  

The LRSQ has been used to understand the effect of other risk factors on respiratory 

health too. It has been used to highlight the protective effect that a high-fibre 

ƳŀǘŜǊƴŀƭ ŘƛŜǘ Ŏŀƴ ƘŀǾŜ ƻƴ ŀ ƎǊƻǿƛƴƎ ŦƻŜǘǳǎΩ ǊŜǎǇƛǊŀǘƻǊȅ ƘŜŀƭǘƘΦ 115 The questionnaire 

has been able to demonstrate the particular risk that passive smoking has on     

African-American children as well. 158  Mattes et al. adapted the LRSQ, and observed 

that optimised asthma control during pregnancy can reduce the incidences of 

bronchiolitis and croup in the first year of life. 159 Even another cohort study has used 

the questionnaire, to investigate the risk factors for wheezing in childhood. 85 

There are more instances of the LRSQ being used. 160ς165 The questionnaire was used 

to assess the prevalence of long-term respiratory symptoms amongst children who had 

contracted an RTI during chemotherapy. 160 The LRSQ was also used to compare the 

respiratory symptoms of three-years-olds, based to their history of RSV-bronchiolitis or 

RSV-induced wheeze in infancy. 161 By using the questionnaire, another study 

investigated the respiratory morbidity of neonates who were born to mothers who 

had undergone an amniotransfusion. 162 

2.4.3 The LRSQ in the LBBS 

The LRSQ is the ideal questionnaire to use in the LBBS. It is targeted at the correct age 

group: pre-school-aged children, and it assesses non-specific respiratory symptoms. It 

assesses QoL too. The LRSQ is relatively modern, and can be used on children with 

various co-morbidities. The version of the LRSQ used in the LBBS contains 33 

questions, 32 of which are assessed on a five-Ǉƻƛƴǘ [ƛƪŜǊǘ ǎŎŀƭŜΦ ! ǉǳŜǎǘƛƻƴ ŀōƻǳǘ ΨŜǾŜǊ 

ǿƘŜŜȊƛƴƎΩ ǿŀǎ ƻƳƛǘǘŜŘΣ ŀǎ ǘƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ǎƘƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŀōƭŜ 

to detect all incidences of wheezing from birth. 
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2.5 Other Paediatric Respiratory Symptom Questionnaires 

Respiratory symptom questionnaires are used in healthcare to aid clinicians in 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜƛǊ ǇŀǘƛŜƴǘΩǎ ŎƻƴŘƛǘƛƻƴΦ ¢ƘŜȅ ŀǊŜ Ŝŀǎȅ ǘƻ ŀŘƳƛƴƛǎǘŜǊΣ ǉǳƛŎƪ ǘƻ ŎƻƳǇƭŜǘŜ 

and simple to interpret ς which makes them ideal for use in time-deprived settings 

(e.g. primary care, emergency departments or clinics). As well as the LRSQ, there are 

numerous options available. Some are generic respiratory symptom questionnaires 

that enquire about a wide range of symptoms, and are often used for epidemiological 

purposes. Other types of respiratory symptom questionnaire focus on a specific 

symptom ς ǳǎǳŀƭƭȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ƛǘ ŀŦŦŜŎǘǎ ŀ ǇŀǘƛŜƴǘΩǎ vƻ[Φ IƻǿŜǾŜǊΣ ǘƘŜ ƳŀƧƻǊƛǘȅ 

of respiratory symptom questionnaires focus on a particular disease. Disease-specific 

questionnairŜǎ ǘŜƴŘ ǘƻ ŀǎǎŜǎǎ ŀ ǇŀǘƛŜƴǘΩǎ ŎƻƴǘǊƻƭ ƻǾŜǊ ǘƘŜƛǊ ŎƻƴŘƛǘƛƻƴΣ ƻǊ Ƙƻǿ ƛǘ ŀŦŦŜŎǘǎ 

their QoL. 

Some respiratory symptom questionnaires are more widely established than others. 

Table 3 identifies how many times certain pre-validated respiratory symptom 

questionnaires (including the LRSQ) have been cited in literature, according to three 

different sources. This is followed by brief outlines of said questionnaires. 

A
ve

ra
g
e
 

R
a
n

k 

Questionnaire Dimensions 
Semantic 
Scholar 

Web of 
Science 

7 ACQ 166 157 184 144 

24 Asthma Quiz for Kidz 167 33 37 32 

8 ATAQ 168 114 141 112 

31 ATS-DLD-78-C 169 N/A N/A 2 

30 Best ACT-P 170 5 4 2 

15 BPAS 171 55 62 47 

18 Breathmobile Case Identification 
Survey 172 

51 41 49 

3 C-ACT 173 516 598 478 

25 CAN 174 24 38 25 

13 CA13Q 175 69 61 55 

10 CFQ 176 84 109 71 

9 CHSA 177 116 131 106 

16 Easy Breathing Survey 178 52 64 46 

14 EISL-WQ 179 55 77 51 

5 Functional Severity of Asthma 
Scale 180 

188 219 184 

21 HAY 181 38 52 28 
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11 Integrated Therapeutics Group 
Child Asthma Short Form 182 

78 91 65 

1 ISAAC 144 2316 2893 2287 

19 LASS 183 41 47 43 

4 LCQ 184 489 541 406 

20 Leicester Respiratory Cohorts 
Questionnaire 185 

35 47 39 

17 LRSQ 143 49 64 48 

26 MeDALL 186 22 33 19 

27 PACCI 187 26 25 20 

28 PAC-QoL 188 9 6 7 

22 PACT 189 38 40 34 

2 PAQLQ 190 804 921 726 

29 PCQ 191 4 15 3 

23 PC-QOL 192 34 40 31 

6 PRQLQ 193 178 208 163 

12 TRACK 194 75 76 68 
Table 3: paediatric respiratory symptom questionnaires, by number of citations  

2.5.1 ACQ: Asthma Control Questionnaire 

The ACQ was designed by Juniper et al. to measure asthma control in adults, butwas 

validated for use in children in 2010. 166,195,196 The questionnaire can be used on any 

child older than 5-years-old, but an interviewer needs to deliver it, if the child is under 

10-years-old. 166 The ACQ comprises of seven items about the preceding week, which 

are all scored on a seven-point Likert scale. 197,198 Three shorter versions of the ACQ 

have been created, are proven to be equally as valid as the original. 198 The total score 

ƛǎ ǘƘŜ ƳŜŀƴ ǎŎƻǊŜ ŦǊƻƳ ŜŀŎƘ ƻŦ ǘƘŜ ǎŜǾŜƴ ƛǘŜƳǎΤ ŀ ǘƻǘŀƭ ǎŎƻǊŜ ƻŦ җмΦр ƛǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ 

of uncontrolled asthma. 195,197 A change in score of greater than 0.4-0.5 is judged to be 

clinically significant. 166,198,199 

2.5.2 Asthma Quiz for Kidz 

The Asthma Quiz is used to identify children with poor asthma control. 167 It contains 

six items, which are self-completed by children who are older than 9-years-old, or 

parentally-ŎƻƳǇƭŜǘŜŘ ŦƻǊ ȅƻǳƴƎŜǊ ŎƘƛƭŘǊŜƴΦ !ƴȅ ŎƘƛƭŘ ǎŎƻǊƛƴƎ җн ǎƘƻǳƭŘ ƘŀǾŜ ǘƘŜƛǊ 

asthma control reviewed. Since the questionnaire was designed in Quebec, it exists in 

both French and English. 167 
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2.5.3 ATAQ: Asthma Therapy Assessment Questionnaire 

Adapted from the adult version by Skinner et al., the ATAQ identifies potential issues in 

ŀ ǇŀǘƛŜƴǘΩǎ ŀǎǘƘƳŀ ƳŀƴŀƎŜƳŜƴǘΣ ƛƴ ƻǊŘŜǊ ǘƻ ƻǇǘƛƳƛǎŜ ŎŀǊŜΦ 168,200 The questionnaire 

can be completed by the parent of any child older than 4-years-old. 168,196,201 It is 

composed of twenty items, split into four domains ς ƻƴŜ ƻŦ ǿƘƛŎƘ ƛǎ ΨŀǎǘƘƳŀ ŎƻƴǘǊƻƭΩΦ 

! ǎŎƻǊŜ ƻŦ җп ƛƴ ǘƘƛǎ ŘƻƳŀƛƴ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇƻƻǊ ŀǎǘƘƳŀ ŎƻƴǘǊƻƭΣ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜŘ 

likelihood of hospitalisation. 196,202   

2.5.4 ATS-DLD-78-C 

The ATS-DLD-78-C is a parentally-completed questionnaire for children who are under 

12-years-old. It was designed to be similar to the adult version: ATS-DLD-78. Despite 

ōŜƛƴƎ ŀ ǊŜƭŀǘƛǾŜƭȅ ƻƭŘ ǉǳŜǎǘƛƻƴƴŀƛǊŜΣ ƛǘ ǎǘƛƭƭ ŜƴǉǳƛǊŜǎ ŀōƻǳǘ ŀ ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊŜ ǘƻ Ǌƛsk 

factors ς which makes it useful for epidemiological studies. 169 

2.5.5 Best ACT-P: Best Asthma Control Test for Preschoolers 

Sato et al. designed the Best ACT-P to assess whether pre-school-aged children in 

Japan have optimised asthma control, as opposed to just poor control. The 

questionnaire was based on the Japanese Paediatric Asthma Guidelines. Since the Best 

ACT-P is geared towards pre-school-aged children, it is a parentally-completed 

questionnaire of six items, which are each answered on a five-point Likert scale. 170 

2.5.6 BPAS: Brief Paediatric Asthma Screen 

Wolf et al. created the BPAS, so as to detect potential asthma diagnoses amongst 

schoolchildren. It is a five-item parentally-completed questionnaire, whereby each 

item asks about events/symptoms in the preceding year. 171 A modified version: the 

BPAS+, has been developed to help identify children who may have allergic rhinitis. 203 

The BPAS has also been validated in Spanish. 204 

2.5.7 Breathmobile Case Identification Survey 

Jones et al. developed the Breathmobile Case Identification Survey, as a tool for 

detecting asthma amongst 5 to 11-year-old schoolchildren. 172,201 The questionnaire 

has seven parentally-completed items; six of these items are measured on a five-point 

Likert scale ς with the remaining item being made-ǳǇ ƻŦ ŦƛǾŜ ΨȅŜǎκƴƻΩ ǎǳō-questions. 

Seven different answer patterns have been deemed discriminatory for detecting 



24 
 

asthma; the survey is therefore 86.5% sensitive and 83.6% specific, when one of these 

answer patterns is fulfilled. 172 The survey is available in both English and Spanish. 172 A 

slightly modified version of the survey has been validated for identifying children with 

uncontrolled asthma, as well as those with moderate-to-severe disease activity. 205 

2.5.8 C-ACT: Childhood Asthma Control Test 

Any asthmatic child between 4 and 11-years-old can use the C-ACT; children older than 

12-years-old should use the original ACT. 206 The C-ACT is a seven-item asthma control 

questionnaire, with a maximum score of 27 ς unlike the ACT, which is out of 25. 173,207 

Four of the items are completed by the child (with the help of a visual aid), and the 

remaining three are completed by a parent. 196 ²ƛǘƘ ŀ ǎŎƻǊŜ ƻŦ ҖмфΣ ŎƘƛƭŘǊŜƴ ŀǊŜ 

ŘŜŜƳŜŘ ǘƻ ƘŀǾŜ ΨǳƴŎƻƴǘǊƻƭƭŜŘ ŀǎǘƘƳŀΩΣ ŀƴŘ ǿƛǘƘ ŀ ǎŎƻǊŜ ƻŦ ҖмнΣ ŎƘƛƭŘǊŜƴ ŀǊŜ 

coƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ Ωvery ǳƴŎƻƴǘǊƻƭƭŜŘ ŀǎǘƘƳŀΩΦ 207,208 ! ŎƘŀƴƎŜ ƛƴ ǎŎƻǊŜ ƻŦ җн ƛǎ 

clinically significant. 206 Due to its widespread use, the C-ACT is not only available in 

English ς but Spanish, Portuguese, Turkish and Chinese too. 209ς212 

2.5.9 CAN: Asthma Control in Children  

CAN is a Spanish test for asthma control in children aged 2 to 14-years-old. There are 

nine items, which are each assessed on a five-point Likert scale. The questionnaire can 

be parentally-completed for all children, yet children aged 9 to 14-years-old can             

self-ŎƻƳǇƭŜǘŜ ǘƘŜ ƛǘ ǘƻƻΦ ! ǘƻǘŀƭ /!b ǎŎƻǊŜ ƻŦ җу ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ŜȄŎŜŜŘ ǘƘŜ ǘƘǊŜǎƘƻƭŘ 

for poor asthma control. The questionnaire is proven to be sensitive to change over 

time as well. 174 

2.5.10   CAQ: Childhood Asthma Questionnaire 

The CAQ measures QoL and disease severity in childhood asthma. 175 There are three 

versions of the questionnaire: the CAQ-A is aimed at 4 to 7-year-olds; the CAQ-B is 

aimed at 8 to 11-year-olds; and the CAQ-C is aimed at 12 to 16-year-olds. 213 Each 

version encourages the child to self-complete as much of the questionnaire as 

possible, but the CAQ-A/CAQ-B still require some parental input. All three CAQs use 

Likert scales: the CAQ-A has four-point scales and the CAQ-B/CAQ-C have five-point 

scales. The questionnaires get longer as children get older, because more areas of QoL 

start to be assessed. 175 



25 
 

2.5.11   CFQ: Cystic Fibrosis Questionnaire 

There are multiple versions of the CFQ. Originally, there were three: one for people 

ƻǾŜǊ җмп-years-old (CFQ 14+), and two for those aged 8-13 (CFQ Child). 176 CƻǊ ǘƘŜ Ψ/Cv 

/ƘƛƭŘΩΣ ƻƴŜ ƻǇǘƛƻƴ ǿŀǎ ǇŀǊŜƴǘŀƭƭȅ-reported and one was self-reported (though an 

interviewer was required to administer it to children under 11-years-old). 176,214 When 

ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǿŜǊŜ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ 9ƴƎƭƛǎƘΣ ǘƘŜ Ψ/Cv /ƘƛƭŘΩ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǿŜǊŜ 

found to be valid in 6 and 7-year-olds too. 214,215 All three questionnaires have been 

adapted into age-ǎǇŜŎƛŦƛŎ Ψ/Cv-wΩǎ ς which are the most widely-used instruments for 

assessing QoL in CF patients. 216 A 10-point worsening in CFQ-R score has been shown 

to be indicative of a CF exacerbation in pre-school-aged children. 217 ¢ƘŜ ΨCFQ-wΩ Ƙŀǎ 

been translated and validated in over thirty languages, including: German, Spanish, 

Turkish and Portuguese. 176,216,218ς220  

2.5.12   CHSA: /ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘ {ǳǊǾŜȅ ŦƻǊ !ǎǘƘƳŀ 

¢ƘŜ /ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘ {ǳǊǾŜȅ ŦƻǊ !ǎǘƘƳŀ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ ΨAmerican Academy of 

PediatricsΩ, in order to measure QoL in asthmatic children. It is aimed at children aged 

5 to 12-years-old. A five-point Likert scale is employed across forty-eight items; these 

forty-eight items are classified into one of five domains, and are to be answered by a 

parent. 177 Another version exists as well, which can be completed by the child 

themselves. 221  

2.5.13   Easy Breathing Survey 

The aim of the Easy Breathing Survey is to assist primary care physicians in diagnosing 

paediatric asthma. There are twenty-five items: twelve are clinical, and 13 enquire 

about demographic measures. Four of the items are highly sensitive to detecting 

(persistent) asthma when answered with a positive response. 178  

2.5.14   EISL-WQ: Estudio Internacional de Sibilancias en Lactantes Written 

..Questionnaire 

The original purpose of the EISL-WQ was to study the prevalence of recurrent 

wheezing amongst infants (<1-year-old) in Latin America and parts of Europe. 179 More 

recently, a shortened version has been validated for use in 12 to 36-month-olds, which 

can assess the likelihood of said children being asthmatic. The questionnaire itself is 
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parentally-completed, and consists of forty-five items about the: prevalence, nature 

and risk factors of wheezing. The EISL-WQ is available in Spanish and Portuguese. 222 

2.5.15   Functional Severity of Asthma Scale 

The Functional Severity of Asthma Scale measures the severity of asthma in 

schoolchildren, over the preceding year. 180 Of its six items, five of them are answered 

on a five-point Likert scale, whilst the remaining item is a simple Ψyes/noΩ answer. 223 

The questionnaire is delivered by an interviewer. 180 The marks from each item are 

summated to achieve a total score out of 24. Depending on their score, children are 

allocated an asthma severity of: low, mild, moderate or high. 180,223 

2.5.16   HAY: How Are You? 

HAY is a Dutch respiratory symptom questionnaire, that is used to assess the QoL of 

asthmatic children. It can be administered to children aged 8 to 12-years-old ς with 

both self-reported and parentally-reported versions available. Four-point Likert scales 

and Ψyes/noΩ questions are used to answer thirty-two generic items about QoL, and 

forty asthma-specific items about QoL. HAY is responsive to changes in asthma status, 

and is also capable of differentiating between symptomatic and non-symptomatic 

patients. 181 

2.5.17   Integrated Therapeutics Group Child Asthma Short Form 

In 1999, McGrath et al. constructed a long-form QoL questionnaire for asthmatic 

children, by combining a previously-existing asthma questionnaire and the Child Health 

Questionnaire-Parent Form (CHQ-PF50). In 2000, a short-form adaptation, which 

would be more suitable for use in clinical practice, was created by taking eight items 

from a modified version of the asthma questionnaire. 145,182,224 These eight items are 

distributed into three domains, and are each assessed on a five-point Likert scale. The 

ΨIntegrated Therapeutics Group Child Asthma Short FormΩ has been proven to identify 

better QoL in mild asthmatics, and poorer QoL in severe asthmatics. 182 

2.5.18   ISAAC: International Study of Asthma and Allergies in Childhood Questionnaire 

The ISAAC questionnaire is an epidemiological tool, which was designed to measure 

the worldwide prevalence of atopic diseases. 144 It is the most widely used respiratory 

symptom questionnaire worldwide ς with over one million children, from nearly one 
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hundred different countries, having been surveyed with it. 143,225 The ISAAC 

questionnaire is therefore available numerous languages; it is also available in a video 

and telephone format. 143,226 ISAAC is frequently used in cohort studies. 186 Two 

versions of the questionnaire exist: one parentally-completed twenty-one-item 

questionnaire for children aged 6 to 7-years-old, and one self-completed twenty-item 

questionnaire for 13 to 14-year-olds. 144,227 

2.5.19   LASS: Lara Asthma Symptom Scale 

The LASS measures asthma control amongst children in non-English-speaking 

populations. It contains eight parentally-completed items, which assess the frequency 

of asthma symptoms on a five-point Likert scale. 183 The score from each item is 

summated to produce a total score, but no cut-off has yet been established for 

differentiating between poor and adequate asthma control. 228 The questionnaire was 

originally validated in English and Spanish, but has now been translated into additional 

languages (e.g. Chinese). 183,229  

2.5.20   LCQ: Leicester Cough Questionnaire 

The LCQ was originally designed to measure the QoL of adults with a chronic cough. 184 

However, it is also able to measure the QoL of 7 to 18-year-old (Spanish) children with 

CF. 230 There are nineteen self-completed items ς each categorised into one of three 

domains (social, physical or psychological). Every item is assessed on a seven-point 

Likert scale. 184 The total score, which is responsive to changes over time, is obtained 

by calculating the mean domain score. 184,230 

2.5.21   Leicester Respiratory Cohorts Questionnaire 

In 1990, Luyt et al. created a questionnaire to measure the prevalence and natural 

history of respiratory symptoms in pre-school-aged children, as part of the Leicester 

Respiratory Cohort Study. 231,232 Silverman and Kuehni modified the original 

questionnaire by adding questions from the ISAAC questionnaire, whenever they 

expanded the cohort study in 1998. 185,232 The modified questionnaire has since been 

validated for assessing the prevalence of respiratory symptoms in 1 to 2-year-old 

children. 232  It has been validated in Portuguese too. 233 
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2.5.22   MeDALL: Mechanisms of the Development of Allergy Questionnaire 

The MeDALL questionnaire provides a standardised tool that can be used by multiple 

birth cohorts, when studying atopic diseases. This allows data from various studies can 

be accumulated together ς thus creating larger sample sizes, increasing statistical 

power and allowing more direct comparison between data sets. Each questionnaire 

Ŏƻƴǘŀƛƴǎ ŀ ǎŜǘ ƻŦ ΨŎƻǊŜΩ όƳŀƴŘŀǘƻǊȅύ ƛǘŜƳǎΣ ŀǎ ǿŜƭƭ ŀǎ ΨǎǳǇǇƭŜƳŜƴǘŀǊȅΩ όƻǇǘƛƻƴŀƭύ ƛǘŜƳǎ 

to ōŜ ƛƴŎƭǳŘŜŘ ŀǘ ŀ ǊŜǎŜŀǊŎƘŜǊΩǎ ŘƛǎŎǊŜǘƛƻƴΦ LǘŜƳǎ ŎƻƴŎŜǊƴ ōƻǘƘ ǎȅƳǇǘƻƳ ǇǊŜǾŀƭŜƴŎŜ 

and risk factor exposure. There is only a parentally-completed form for children aged 4 

to 9-years-old, but there are self-completed and parentally-completed forms for 14 to 

18-year-old children. Since it was originally designed for use across Europe, the 

questionnaire has been translated from English, into: Dutch, Danish, French, Italian, 

Spanish, Swedish, German and Greek. 186 

2.5.23   PACCI: Paediatric Asthma Control and Communication Instrument 

The PACCI assesses both asthma control, and asthma-specific QoL in children. 187,234 It 

contains twelve ƛǘŜƳǎΣ ǿƘƛŎƘ ŀǊŜ ŀƴǎǿŜǊŜŘ ōȅ ŀ ǇŀǊŜƴǘΦ ! ǘƻǘŀƭ t!//L ǎŎƻǊŜ ƻŦ җо Ƙŀǎ 

the greatest sensitivity to detecting uncontrolled asthma in children. 187 The 

questionnaire was designed to better-represent ethnic minority groups in the United 

States, so is validated in Spanish and English. 187,234 A modified version of the 

questionnaire (PACCI-ED) is used to help eƳŜǊƎŜƴŎȅ ǇƘȅǎƛŎƛŀƴǎ ŀǎǎŜǎǎ ŀ ŎƘƛƭŘΩǎ ŀǎǘƘƳŀ 

control accurately, in a time-sensitive environment. 235 

2.5.24   PAC-QoL: Parent-tǊƻȄȅ /ƘƛƭŘǊŜƴΩǎ !ŎǳǘŜ /ƻǳƎƘ-Specific Quality of Life 

Questionnaire 

Anderson-James et al. developed the PAC-QoL, so as to measure the QoL of children 

with an acute cough. The questionnaire contains sixteen items, each answered on a 

seven-point Likert scale by a parent. The questionnaire is sensitive to changes over 

time, but its use may be limited to younger children. 188 

2.5.25   PACT: Paediatric Asthma Control Tool 

The PACT is a ten-item, parentally-completed questionnaire, which is used to monitor 

asthma control in schoolchildren. 189,201 Five items concern the frequency/severity of 

asthma exacerbations in the preceding three months; the other five items concern 

symptoms in-between exacerbations. All ten items are scored on a six-point Likert 
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scale. 189 A smaller-scale version of the PACT (M-PACT) has been designed to aid 

emergency physicians in identifying children with persistent asthma. 236 

2.5.26   PAQLQ: Paediatric Asthma Quality of Life Questionnaire 

The PAQLQ measures QoL in 7 to 17-year-old asthmatic children. 190 On a seven-point 

Likert scale, the twenty-three self-completed items assess: symptoms, emotional 

function and limitation of activity. 190 The final score is the mean score from all  

twenty-three items, and is responsive to changes over time. 190,237,238 The PAQLQ has 

been validated in: Portuguese, Dutch, Swedish, Italian, Arabic and Spanish. 238ς243 A 

thirteen-itŜƳ ΨƳƛƴƛ t!v[vΩ Ƙŀǎ ōŜŜƴ ǾŀƭƛŘŀǘŜŘ ǘƻƻΦ 166,244 

2.5.27   PCQ: Paediatric Cough Questionnaire 

Paul et al. created the PCQ to assess the QoL of children with a chronic cough. The 

original questionnaire contained five items, each answered on a seven-point Likert 

scale; however, the validated questionnaire actually uses six-point scales instead. 191,245 

The PCQ has been proven to show clinically significant changes in score over time. 191 

2.5.28   PC-QOL: Parent Cough-Specific Quality of Life Questionnaire 

The PC-QOL is a parentally-completed questionnaire, for measuring the QoL of children 

with chronic coughs. It was created due to the absence of such a questionnaire for the 

paediatric population, as well as the unsuitability of disease-specific questionnaires. 192 

The PC-QOL contains twenty-seven items. 192 

2.5.29   PRQLQ: Paediatric Rhinoconjunctivitis Quality of Life Questionnaire 

Juniper et al. developed the PRQLQ to measure QoL in 6 to 12-year-old children with 

hay fever. There are twenty-three items in the PRQLQ ς distributed across five 

domains ς which are all answered on a seven-point Likert scale. The items concern 

symptoms over the prior week. Questions are answered by the child, but delivered by 

an interviewer. The total PRQLQ score has been found to be responsive to change in 

disease status over time. 193 

2.5.30   TRACK: Test for Respiratory and Asthma Control in Kids 

TRACK is an asthma control questionnaire, targeted at pre-school-aged children. It has 

five items, each scored on a five-point Likert scale, to give a total score out of 100. 194 A 

ǎŎƻǊŜ ƻŦ ғул ƛƴŘƛŎŀǘŜǎ ǇƻƻǊ ŀǎǘƘƳŀ ŎƻƴǘǊƻƭΣ ŀƴŘ ŀ ŎƘŀƴƎŜ ƛƴ ǎŎƻǊŜ ƻŦ җмл ƛǎ ŘŜŜƳŜŘ ǘƻ 
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be clinically significant. 196,246 TRACK has been validated in multiple foreign languages, 

including: Portuguese, Korean, Chinese, Turkish and Spanish. 247ς251 

2.6 Respiratory Health in Liverpool 

Liverpool, Merseyside is a city in the North West of England, with a population of 

almost half-a-million people. 252 The city is burdened by major health inequalities, 

which severely impact its population. Infants born from 2016 to 2018 can expect to 

have an average life expectancy of 78.2-years-old. This is 2.2 years shorter than the 

Merseyside average, and 3.2 years shorter than the English average. 253 For example, a 

baby born in Kensington, Liverpool from 2009 to 2013 can expect to live 77.4 years; a 

baby born in Kensington, London will be expected to live 9.2 years longer. 254 Alongside 

cancer and cardiovascular disease, one of the main reasons behind the widening 

discrepancy in life expectancy has proven to be respiratory disease. 255 

Respiratory disease has long been a major cause of mortality in Liverpool. In the late 

nineteenth century, ŀǇǇǊƻȄƛƳŀǘŜƭȅ м҈ [ƛǾŜǊǇƻƻƭΩǎ ǊŜǎƛŘŜƴǘǎ would die from respiratory 

disease ς cementing it as the cityΩǎ ƭŜŀŘƛƴƎ cause of death, which is remained so until 

at least 1940. 256 Respiratory disease is now the third-leading cause of premature 

death (i.e. under 75-years-old) in Liverpool, and such deaths are projected to increase 

in the coming years. 255 From 2016 to 2018, 66 of every 100,000 people in the city died 

from respiratory disease: nearly twice the national average. 63% of these deaths were 

considered preventable. 257 {ƳƻƪƛƴƎ ŀŎŎƻǳƴǘŜŘ ŦƻǊ нн҈ ƻŦ [ƛǾŜǊǇƻƻƭΩǎ ǇǊŜǾŜƴǘŀōƭŜ 

deaths in 2016 ς vastly more than the English or North Western averages. 96,258ς260 

Given the well-established association between smoking and chronic obstructive 

pulmonary disease (COPD)/lung cancer, Liverpool therefore places amongst the ten 

worst local authorities in England for COPD-related deaths, and amongst the five worst 

for lung cancer-related deaths. 258,260  

Irregardless of mortality, respiratory disease will always place a burden on ǇŀǘƛŜƴǘǎΩ 

QoL, as well as local resources. Liverpool is one of the ten worst local authorities in 

England for COPD prevalence: 7% of people over 40-years-old were diagnosed with the 

condition in 2018. 257,261  The prevalence only seems to be increasing, and so, the 

number of disability-adjusted life years in the city are increasing with it. 96,255,257,259 
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[ƛǾŜǊǇƻƻƭΩǎ ŀsthma prevalence is lower than expected. Despite a surge in asthma cases 

during the nineties, which was ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŦǳŜƭ ǎǘƻŎƪǇƛƭƛƴƎ ŀǘ .ƻƻǘƭŜΩǎ ŘƻŎƪǎ, just 

5.8% of residents had a diagnosis in 2019. 257,262 Emergency hospital admissions for 

asthma remain higher in Liverpool than in England however. 96,257 The number of 

respiratory-related emergency hospital admissions in Liverpool has been steadily 

increasing over the last half-a-decade; approximately one-third of admissions are for 

pneumonia, and one-fifth are for COPD. 96,257 The burden of respiratory disease is now 

so severe in Liverpool, that compared to the national average, Liverpool Clinical 

Commissioning Group spent £16 more on respiratory care per capita in 2015/16. 96  

hƴŜ ƻŦ ǘƘŜ ƭŜŀŘƛƴƎ ŎƻƴǘǊƛōǳǘƻǊǎ ǘƻ [ƛǾŜǊǇƻƻƭΩǎ ǇƻƻǊ ǊŜǎǇƛǊatory health is smoking. In 

2019, 41% of the population were reported to be ever-smokers. However, the past 

decade has seen an increase in smoking cessation ς meaning that the prevalence of 

current smokers is no longer significantly different to England's. 258 Hospital admissions 

attributable to smoking, and the proportion of women smoking during pregnancy, are 

still higher than the national average though. In 2019, 21.5% of women admitted to 

smoking at the point of their booking appointment; this statistic fell to 13% by the time 

of delivery. 258 Additionally, COPD and asthma patients in the city are known to be 2.8 

and 1.6 times more likely to smoke respectively, compared to residents without either 

condition. 96 

Another factor that contributes to the poor respiratory health of Liverpool is air 

pollution. On average, there was 9.6µg/m3 of fine particulate matter in the air across 

the city in 2010. Although this fell to 8.1µg/m3 in 2017, which is lower than the 

national average, some areas of Liverpool still breach the World Health OrganisationΩǎ 

fine particulate matter target of 10µg/m3. 43,158,263 Some of this pollution will originate 

from the docks of North Liverpool. Canada Dock has been repurposed for recycling 

scrap metal ς a process that produces a toxic amount of heavy metal fumes, which can 

be carcinogenic when inhaled. 264 Tonnes of coal and petroleum coke used to be 

stockpiled in the docks of North Liverpool too, and dust from these stores may still 

pollute air in the surrounding area. 262 Some parts of Liverpool also exceed the 

ƎƻǾŜǊƴƳŜƴǘΩǎ ǘŀǊƎŜǘ ŦƻǊ ǊƻŀŘǎƛŘŜ bh2 levels: 40µg/m3. 43 Pollution from fine 

particulate matter and NO2 is known to increase the risk of childhood asthma, RTIs, 
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asthma exacerbations, COPD exacerbations and bronchopulmonary dysplasia. In 2011, 

said pollution contributed to over 300 deaths within Liverpool ς many of which will 

have had a respiratory basis. 43 

Deprivation also has an effect on respiratory health in Liverpool. Until 2010, Liverpool 

was the most deprived local authority in England; it now ranks third behind Blackpool 

and Knowsley. 265 48% of residents inhabit an area within the lowest index of multiple 

deprivation (IMD) decile ς with most of these areas being northern suburbs of the city. 

96,265 It is therefore not surprising, ǘƘŀǘ [ƛǾŜǊǇƻƻƭΩǎ ƻƴƎƻƛƴƎ ǇǊƻōƭŜƳ ǿƛǘƘ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ 

affects northern areas of the city the most ς especially since this is where the majority 

of dock work is now conducted. 43,264 There is also a stark contrast in smoking 

prevalence between the most deprived areas of the city and the least deprived. 96 

Given that the five-year lung cancer risk is highest in the most deprived 

neighbourhoods, any underlying associations with air pollution and smoking are 

unlikely to be wholly coincidental. 266 

2.6.1 Paediatric Respiratory Health in Liverpool 

Nearly 100,000 Liverpool residents are under 18-years-old, with roughly one-third of 

these being under 5-years-old. 252 Much like the general population, 57% of children in 

the city live within the lowest IMD decile; this is likely to explain why the child poverty 

rate (26%) was 10% higher than the national average in 2016. 253,265 Amongst the 

under-1-year-olds, emergency hospital admissions for bronchiolitis are significantly 

more common in Liverpool, than they are nationwide. For a lower RTI, the number of 

such admissions amongst pre-school-aged children has increased more than four-fold 

since 2015. Emergency hospital admissions for asthma are also significantly higher 

than the national average; seven additional children can be admitted per day, when air 

pollution is particularly bad. 43,253,257 Unsurprisingly, children who live within 2km of 

[ƛǾŜǊǇƻƻƭΩǎ ŘƻŎƪǎ ƳƻǊŜ ŦǊŜǉǳŜƴǘƭȅ ŜȄǇŜǊƛŜƴŎŜΥ ǎŎƘƻƻƭ ŀōǎŜƴǘŜŜƛǎƳΣ ǊŜǎpiratory 

symptoms and asthma. 262,267 

2.6.2 Liverpool and the LBBS 

There is a strong argument for using Liverpool as the setting of a respiratory birth 

cohort study. Children born in the city today will have a shorter life-expectancy than 

other English children ς with many of these premature deaths being attributable to 
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respiratory disease. Liverpool is rife with risk factors for such respiratory disease, such 

as: ETS, air pollution and antenatal smoking. Over half of children in the city live within 

the lowest IMD decile, thus exposing them towards multiple more risk factors for 

respiratory disease. Children in Liverpool are also more likely to be admitted to 

hospital with asthma/lower RTIs. 

2.7 Previous Birth Cohort Studies 

¢ƘŜ [..{ ƛǎ ƴƻǾŜƭΣ ƛƴ ǘƘŀǘ ƛǘ ƛǎ ǘƘŜ ¦YΩǎ ŦƛǊǎǘ ōƛǊǘƘ ŎƻƘƻǊǘ ǎǘǳŘȅ ǘƻ ōŜ ŎƻƴŘǳŎǘŜŘ ƻƴƭƛƴŜΦ 

However, it ƛǎ ƴƻǘ ǘƘŜ ŦƛǊǎǘ ōƛǊǘƘ ŎƻƘƻǊǘ ǎǘǳŘȅ ǘƻ ǘŀƪŜ ǇƭŀŎŜΦ Lƴ ŦŀŎǘΣ ǘƘŜ ¦YΩǎ ƻƭŘŜǎǘ ōƛǊǘƘ 

cohort study: The National Survey of Health and Development (NSHD), has been 

running since 1946. 268 The NSHD is a national study, unlike the LBBS, which operates 

at a regional level. Since national and regional (and international) birth cohort studies 

are often designed differently, it is important for the LBBS to have an insight into the 

methodologies of previous regional birth cohort studies ς so that a better 

understanding can be gathered of the potential challenges which may face the study. 

2.7.1 Avon Longitudinal Study of Parents and Children (ALSPAC) 

{ƻƳŜǘƛƳŜǎ ƪƴƻǿƴ ŀǎ Ψ/ƘƛƭŘǊŜƴ ƻŦ ǘƘŜ флǎΩΣ ![{t!/ ǿŀǎ ǘƘŜ ŦƛǊǎǘ ǊŜƎƛƻƴŀƭ ōƛǊǘƘ ŎƻƘƻǊǘ 

study in the UK. 269,270 It was initialƭȅ ŘŜǾŜƭƻǇŜŘ ŀǎ ƻƴŜ ǇŀǊǘ ƻŦ ǘƘŜ ΨEuropean 

Longitudinal Study of Pregnancy and ChildhoodΩΥ ŀ ǎŜǊƛŜǎ ƻŦ ōƛǊǘƘ ŎƻƘƻǊǘ ǎǘǳŘƛŜǎ 

throughout Europe, which were endorsed by the World Health Organisation. 271 The 

aim of ALSPAC was to identify the factors that most influenced foetal/child health. 270 

Recruitment for ALSPAC took place between April 1991 and December 1992. 269 All 

pregnant women living (and giving birth) in one of the three health districts of Avon 

were eligible for recruitment. 271 At maternity services across the region, cards were 

distributed for women to express their interest in the study; if an card was returned, 

then unless they opted-out, an initial questionnaire would be sent to all interested 

(and eligible) women. 271 The study was advertised: in the press, at healthcare services, 

on radio/television, in nurseries and in public spaces. 272 This method of recruitment 

lead to 72% of eligible pregnancies being recruited. 269,271 Further attempts were made 

to recruit eligible families, who had initially been missed, after the age of 7-years-old. 

Through this process, 75% of eligible pregnancies and 76% of eligible live births were 
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eventually recruited. 271 Recruitment was disproportionately high amongst Caucasian 

and wealthy populations ς despite Avon being demographically representative of 

Britain in many ways. 270,273 

Data collection for ALSPAC began during pregnancy, and ran throughout childhood. In 

the antenatal period, women provided details about their pregnancy and social 

background. 270 After giving birth, mothers were then required to complete a series of 

25 questionnaires about their ŎƘƛƭŘόǊŜƴύΩǎ ƘŜŀƭǘƘ ς until the age of 18. 271 They 

completed questionnaires about their own health simultaneously. 273 The children in 

the study also completed 34 questionnaires about themselves, though not before the 

age of 5. Children were invited for up to seven clinical assessments too. Data was also 

collected from teacher questionnaires and clinical records. 271,272 

After running for five years, around 80% of ALSPAC participants were still returning 

questionnaires. 274 The majority of attrition was seen in the first two years of life, but 

the attrition rate also increased during late adolescence (i.e. 16 to 18-years-old). 271 

Families were kept engaged with the study through various means (newsletters, social 

ƳŜŘƛŀΣ ōƛǊǘƘŘŀȅ ŎŀǊŘǎΣ ƪƛŘǎΩ ŀŎǘƛǾƛǘȅ ǇŀŎƪǎ ŀƴŘ ǘƘŜ ǇǊŜǎǎύΦ ¢Ƙƛǎ Ƴŀȅ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ 

the low attrition rate. 271,272 Reminder letters were sent too, whenever a questionnaire 

had not been answered within 7 or 10 days; after a month with no response, a phone 

call/home visit would be made, in order to prompt questionnaire completion. 272 

2.7.2 The Manchester Asthma and Allergy Study (MAAS) 

MAAS was a respiratory-centric regional birth cohort study, designed to tackle the 

paucity of research behind the rising prevalence of childhood asthma. A secondary 

goal of the study was to investigate whether strict environmental conditions could 

prevent atopy, amongst those with a strong family history of the condition. 275 

The study recruited expectant parents, from October 1995 to June 1997, whilst they 

ŀǘǘŜƴŘŜŘ ǘƘŜƛǊ ΨōƻƻƪƛƴƎ ŀǇǇƻƛƴǘƳŜƴǘΩ ŀǘ 8 to 10 weeks of gestation. At the 

appointment, parents were given skin-prick tests and a questionnaire to complete 

(regardless of their actual enrolment onto the study). 275 Recruitment occurred at 

Stepping Hill Hospital and Wythenshawe Hospital, both in South Manchester. 276 

Ultimately, 63% of eligible pregnancies were enrolled onto the study. 275 
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/ƘƛƭŘǊŜƴ ǿŜǊŜ ŀƭƭƻŎŀǘŜŘ ǘƻ ŀ ǎǘǳŘȅ ŀǊƳΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ǇŀǊŜƴǘǎΩ ŀǘƻǇƛŎ ǎǘŀǘǳǎΦ ¢ƘƻǎŜ 

ƛƴ ǘƘŜ ΨƘƛƎƘ ǊƛǎƪΩ ƎǊƻǳǇ ƘŀŘ ǘǿƻ ŀǘƻǇƛŎ ǇŀǊŜƴǘǎΣ ǘƘƻǎŜ ƛƴ ǘƘŜ ΨƳŜŘƛǳƳ ǊƛǎƪΩ ƎǊƻǳǇ ƘŀŘ 

ƻƴŜ ŀǘƻǇƛŎ ǇŀǊŜƴǘΣ ŀƴŘ ǘƘƻǎŜ ƛƴ ǘƘŜ Ψƭƻǿ ǊƛǎƪΩ ƎǊƻǳǇ ƘŀŘ ƴƻ ŀǘƻǇƛŎ ǇŀǊŜƴǘǎΦ 275 The 

children were followed-up at the ages of: 1, 3, 5, 8 and 11 ς as well as at some point 

between 13 and 16-years-old. 276 Most follow-ups were conducted at a clinic, where a 

collection of pre-validated questionnaires would be completed. The questionnaires 

could be completed online/via post/during a home visit, but the clinic setting allowed 

biological samples to be taken and respiratory function tests to be performed too. 276 

Excluding the children who were withdrawn from MAAS before they were even born, 

there was a 92% follow-up rate at 3-years-old. 275 At 5-years-old, 89% were able to be 

reviewed. 277 

2.7.3 ¢ǳŎǎƻƴ /ƘƛƭŘǊŜƴΩǎ wŜǎǇƛǊŀǘƻǊȅ {ǘǳŘȅ (TCRS) 

Back in the eighties, TCRS was one of the first respiratory-focused birth cohort studies 

to be established. It aimed to evaluate the risk factors for lower RTIs in the first three 

years of life, as well as the risk factors for obstructive airway disease in later life. 278 

Between May 1980 and January 1984, children were recruited from the largest health 

maintenance organisation (HMO) in Tucson. 278 Soon after giving birth, paediatricians 

would approach new mothers to briefly explain the study; any interested mothers 

would then be visited by a research nurse ς who could explain the study further and 

gain consent. Research nurses operated six days a week. 278 All healthy babies, who 

were cared for by the HMO, were eligible to participate. Using these criteria, 78% of 

eligible infants were enrolled onto TCRS. 278 5ŜǎǇƛǘŜ ǘƘŜ IahΩǎ ǇŀǘƛŜƴǘǎ ōŜƛƴƎ 

representative of the wider Tucson area, infants in the study were more likely to have: 

married parents, a family history of atopy, a Caucasian ethnicity and older, more 

educated parents. 278 

Since the iteration of the study in 1980, questionnaires about respiratory health have 

ōŜŜƴ ŘƛǎǘǊƛōǳǘŜŘ ŀǘ ǎƛȄǘŜŜƴ ǘƛƳŜǇƻƛƴǘǎ Χ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ƻƴƎƻƛƴƎΦ !ǘ ŜƛƎƘǘ 

timepoints, the opportunity has been taken to: perform lung function tests, collect 

sputum samples, perform skin-prick tests, and collect blood samples (for 

immunological testing). 279 Siblings and parents are subject to similar tests too. 278 For 
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the first three years of TCRS, children were also required to visit a paediatrician at the 

HMO whenever they developed a respiratory illness. If the child had symptoms of a 

lower RTI, then the research nurses would be contacted to take: a more detailed 

history, a blood sample, and nasopharyngeal/throat swabs. 278,280 Additionally, a 

sample of families were contacted about unreported lower RTI symptoms during the 

Winter season. 278 

At the beginning of the study, it was estimated that 20-25% of participants would be 

lost to attrition in the first five years. 278 Only 13% dropped-out in the first five years, 

and just 22% had dropped-out after twenty-two years; most attrition was seen within 

the first year of study. 278,280 The average attrition rate was therefore 1.3% per year. 280 

The long-term involvement of many research nurses in the study, helped to establish 

positive relationships with the families ς potentially reducing attrition rates. 280 

2.7.4 Born in Bradford (BiB) 

At its conception, BiB was a regional birth cohort study designed to examine the 

effects of various risk factors on paediatric health and development, in a deprived 

area. It also aimed to investigate health differences between Caucasian and Pakistani 

children. 281 Bradford was considered the optimal location for the study, due to its 

multiculturalism and high child morbidity/mortality rates. 274 

Recruitment for BiB occurred from March 2007, to November 2010. Any woman who 

planned to give birth at Bradford Royal Infirmary was eligible to participate. 274,281 Most 

women were recruited into BiB, whilst undergoing their oral glucose tolerance test at 

26-28 weeks of gestation ς though many were introduced to the study by a midwife at 

ǘƘŜƛǊ ΨōƻƻƪƛƴƎ ŀǇǇƻƛƴǘƳŜƴǘΩΦ 274 17% of mothers were recruited at an alternative stage 

of pregnancy. 281 Fathers were recruited opportunistically throughout the antenatal 

period, or immediately after delivery. The study also advertised (in various languages) 

via: the press, radio, television, primary care organisations, religious groups and 

schools. 274 10,000 infants were wanted for the study, and even though just 54% of 

eligible births were recruited, this target was still achieved. 274,281 The recruited cohort 

was largely representative of Bradford, yet contained: older mothers, fewer premature 

ƛƴŦŀƴǘǎΣ ŀƴŘ ƳƻǊŜ {ƻǳǘƘ !ǎƛŀƴ ƳƻǘƘŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ōŜŎŀǳǎŜ ƻŦ .ǊŀŘŦƻǊŘΩǎ 

demographic make-ǳǇΣ ǘƘŜ ŎƻƘƻǊǘ ǿŀǎƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘƘŜ UK. 281 
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!ǎ .ǊŀŘŦƻǊŘΩǎ tŀƪƛǎǘŀƴƛ ŎƻƳƳǳƴƛǘȅ ǿƻǳƭŘ ōŜ ƳŀƪƛƴƎ ǳǇ ŀ ƭŀǊƎŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ .ƛ. 

cohort, its study materials (e.g. information leaflets and questionnaires) needed to be 

adapted into Urdu and Mirpuri, as well as English. 274 All women completed a 

questionnaire upon recruitment, which was partly delivered by interview, and 

comprised of various pre-validated questionnaires; fathers completed a questionnaire 

as well, but were not interviewed. 274 Women provided a blood sample, a urine sample 

and anthropomorphic measurements too, whilst fathers/infants just provided a saliva 

sample/anthropomorphic measurements respectively. 274 5ǳǊƛƴƎ .ƛ.Ωǎ Ǉƛƭƻǘ ǎǘǳŘȅΣ 

there was a response rate of just 30% to follow-up postal questionnaires, so the 

majority of follow-up was achieved by accessing linked health records. 281 There were 

two sub-groups within the cohort who were more intensely followed-up; the children 

in one of these groups (BiB1000) were required to be followed-up with a questionnaire 

and anthropomorphic measurements at: 6, 12, 18, 24 and 36 months. 281,282 

Lǘ ǿŀǎ ŀƴǘƛŎƛǇŀǘŜŘ ǘƘŀǘ Ғнр҈ ƻŦ ǘƘŜ .ƛ. ŎƻƘƻǊǘ ǿƻǳƭŘ ŘǊƻǇ-out within the first five 

ȅŜŀǊǎ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ǊǳƴƴƛƴƎΦ 274 In order to minimise attrition, a family liaison officer 

was employed to keep families engaged with the study; they did this through the use 

of: a website, birthday cards, social media, local government, newsletters, religious 

groups, meetings and educational facilities. 281 Although the attrition rate from BiB has 

not been reported, the response rate at each of the BiB1000 timepoints was: 77%, 

75%, 74%, 70% and 70% respectively. !ƳƻƴƎǎǘ ŎƘƛƭŘǊŜƴ ƛƴ .ƛ.млллΣ ΨŦŀƛƭǳǊŜ ǘƻ ŎƻƴǘŀŎǘΩ 

was identified as the main cause of attrition.  282 

2.7.5 Children Growing Up In Liverpool (C-GULL) 

Although it has only recently been established, C-GULL is another regional birth cohort 

study based in Liverpool. It will aim to recruit 10,000 infants from LWH over a 3.5-year 

period. It will collect data about various areas of paediatric health, from the antenatal 

period through to the pre-school period ς sometimes using clinical and educational 

records to do so. 283 
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Chapter 3: Methodology 

The purpose of Chapter 3 is to describe the methodology of the LBBS. A summary of 

the study design details how the LBBS: drew up the study protocol, applied for ethical 

approval, obtained sponsorship, developed and distributed its questionnaire, stored 

data, and initiated recruitment. Theses by Rosanna Pickles and Bethan Griffith describe 

the study design in more depth. 284,285 The remainder of Chapter 3 provides an 

overview of how the collected data was organised, coded and statistically processed. 

The LBBS has been running as an MPhil project since 2012, so various students have 

been involved with it over the last nine years. Different people have overseen different 

phases of the study, as outlined in Table 4. 

Phase Time Period Personnel 

Protocol Development, 
Ethical Approval and 

Sponsorship Procurement 
May 2012 

Bethan Griffith 
Professor Paul McNamara 

Rosanna Pickles 
Professor Ben Shaw 

Professor Calum Semple 
Professor Kevin Southern 

Questionnaire 
Development 

September 2012 
ς 

January 2013 

Bethan Griffith 
Rosanna Pickles 

June 2015 Sanjay Patel 

Recruitment 
January 2013 

ς 
October 2014 

Jennifer Barclay 
Bethan Griffith 

Sanjay Patel 
Rosanna Pickles 

Questionnaire 
Distribution 

September 2013 
ς 

August 2015 
Jennifer Barclay 

Analysis 

September 2016 
ς 

June 2017 
Joshua Stead 

September 2020 
ς 

July 2021 
Conor Naylor 

Table 4: timeline of personnel involvement in the LBBS 
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3.1 Study Protocol 

The study protocol (Appendix 1) was written in 2012 by Rosanna Pickles and Bethan 

Griffith, with the support of Professors Calum Semple, Paul McNamara, Kevin 

Southern, and Ben Shaw. 

3.2 Ethical Approval 

Ethical approval for the LBBS, including its associated materials and online consent, 

was granted by the East Midlands (Nottingham 1) Research Ethics Committee (REC) on 

the 8th May 2012. The REC reference number was: 12/EM/0194. 

3.2.1 Batch Testing 

In order to achieve ethical approval, the LBBS was required to employ a technique that 

would periodically identify participants who died, a particular risk during the early 

years of the study. This was done through batch testing for the first two years of the 

ǎǘǳŘȅΦ ¢ƘŜ L¢ 5ŜǇŀǊǘƳŜƴǘ ŀǘ !ƭŘŜǊ IŜȅ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ǊŜŎŜƛǾŜŘ ŀƴ ŜƴŎǊȅǇǘŜŘ ƭƛǎǘ ƻŦ 

study participants on a monthly basis; the department would cross-check this list with 

ǘƘŜ ƘƻǎǇƛǘŀƭΩǎ ǇŀǘƛŜƴǘ ŘŀǘŀōŀǎŜ ς thereby identifying any recently deceased children. 

Alder Hey keep their database up-to-date by receiving death notifications from a 

national data base, which is informed by reports from general practices, hospices and 

ǇŀƭƭƛŀǘƛǾŜ ŎŀǊŜ ǘŜŀƳǎΤ ǘƘŜȅ ŀƭǎƻ ŎƻƳǇŀǊŜ ƛǘ ŀƎŀƛƴǎǘ ǘƘŜ ΨNational Health Service (NHS) 

Personal Demographics ServiceΩ ǊŜƎǳƭŀǊƭȅΦ ²ƘŜǊŜ ŀ ŘŜŀǘƘ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘΣ ǘƘŜ ŎƘƛƭŘΩǎ 

family was removed from the list of active participants, so they would no longer be 

ŎƻƴǘŀŎǘŜŘΦ ¢ƻ ŜƴǉǳƛǊŜ ŀōƻǳǘ ǘƘŜƛǊ ŘŜŎŜŀǎŜŘ ŎƘƛƭŘΩǎ ƘŜŀƭǘƘΣ ǿŀǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ŎŀǳǎŜ 

undue distress. 

3.2.2 Consent 

The Declaration of Helsinki demands that consent be given by the parents of any child 

involved in the LBBS. 286 For those receiving online questionnaires, the consent form 

was incorporated into the initial questionnaire at 4-months-old. Consent was finalised 

by parents selecting a tick-box to show their interest in the study, then entering their 

initials into a text field. A paper-based consent form was posted to parents who 

wished to receive their questionnaires via post. The consent form can be found in 

Appendix 3. 
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3.3 Sponsorship 

The LBBS was co-ǎǇƻƴǎƻǊŜŘ ōȅ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǾŜǊǇƻƻƭ ŀƴŘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ 

Hospital. The University of Liverpool acted as the lead sponsor. They were required, to 

ǇǊƻǾƛŘŜ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ƻǾŜǊǎƛƎƘǘ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ƛƴǎǳǊŀƴŎŜΦ 287 

3.4 Development of the Questionnaires 

²ƘŜƴ ǘƘŜ [..{ ǿŀǎ ŎƻƴŎŜǇǘǳŀƭƛǎŜŘΣ ƛǘ ǿŀǎ ƛƴǘŜƴŘŜŘ ǘƻ ōŜ ǘƘŜ ¦YΩǎ ŦƛǊǎǘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ 

online birth cohort study. Previous regional birth cohort studies have collected data 

with: postal questionnaires, in-person assessments, and interviews. 272,276,278,279 BiB 

relied almost exclusively on clinical and educational records to follow-up its 

participants; ALSPAC used such records too, and so will C-GULL. 272,281,283 Some data 

suggests that online questionnaires can achieve similar response rates to postal 

questionnaires, whilst being cheaper and environmentally-friendlier. Online data 

should also be of higher quality, as participants are forced to complete all necessary 

questions before submitting their responses. 288 These were considered to be valid 

reasons for creating a series of questionnaires, that were capable of being accessed 

electronically. 

3.4.1 Design 

Public and Patient Involvement (PPI) sessions were organised, to help tailor the 

questionnaires towards prospective parents. It was theorised that by creating the 

ΨƛŘŜŀƭΩ ǉǳŜǎǘƛƻƴƴŀƛǊŜΣ ǇŀǊŜƴǘǎ ǿƻǳƭŘ ōŜ ƛƴŎƭƛƴŜŘ ǘƻ ŎƻƳǇƭŜǘŜ ŜǾŜǊȅ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǘƘŀǘ 

the [..{ ƻŦŦŜǊŜŘΦ нл ǾƻƭǳƴǘŜŜǊǎΣ ǿƘƻ ƳŜǘ ŀƭƭ ƻŦ ǘƘŜ [..{Ωǎ ƛƴŎƭǳǎƛƻƴκŜȄŎƭǳǎƛƻƴ ŎǊƛǘŜǊƛŀ 

(Table 7), were recruited from LWH. They were shown a range of prototype 

questionnaires, which each varied in one design aspect, then asked to indicate which 

variation was most preferable to them. The volunteers were also asked to indicate 

how they would prefer to complete the questionnaires, based on their accessibility to 

internet-compatible devices. Table 5 summarises the results of the PPI sessions. 284,285 

Design Aspect Variations Preferability 
 

Accessibility 

Laptop/Computer 65% (n = 13) 

Smartphone 25% (n = 5) 

Tablet 10% (n = 2) 

Postal 0% (n = 0) 
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Use of Colour 

Neutral 35% (n = 7) 

Neutral, with Coloured Text 30% (n = 6) 

Light Use of Background Colour 25% (n = 5) 

Heavy Use of Background Colour 5% (n = 1) 

No Preference  5% (n = 1) 
 

Font Size 

Medium ς Arial, size 16 75% (n = 15) 

Small ς Arial, size 12 15% (n = 3) 

Large ς Arial, size 20 10% (n = 2) 
 

Question 
Density 

Medium ς similar questions grouped together on 
ΧΧΧΧΧΧ one page 

65% (n = 13) 

Low ς one question per page 15% (n = 3) 

High ς every question on one page 15% (n = 3) 

No Preference  5% (n = 1) 
 

Use of 
Graphics 

Cartoon Children (in the Footer) 65% (n = 13) 

None 20% (n = 4) 

Pencils (in the Footer) 10% (n = 2) 

Forest (as a Background) 5% (n = 1) 

No Preference  5% (n = 1) 
Table 5: questionnaire preferabilities from the PPI sessions 

Based on the PPI sessions, it was decided to conduct online questionnaires; they were 

more appealing to contemporary participants, than postal questionnaires. The 

questionnaires would group similar questions together on one page, and be written in 

size 16 font. The background would be plain, but a graphic of cartoon children in the 

ǉǳŜǎǘƛƻƴƴŀƛǊŜΩǎ ŦƻƻǘŜǊ ǿƻǳƭŘ ǇǊƻǾƛŘŜ ŀƴ ŜƭŜƳŜƴǘ ƻŦ ŎƻƭƻǳǊΦ ±ƻƭǳƴǘŜŜǊǎ ŜȄǇǊŜǎǎŜŘ ǘƘŜ 

need to include an adequate explanation of the study at the beginning of any 

questionnaire, as well as an estimate of the time requirement. They preferred brevity, 

as well as closed questions. 284,285 

3.4.2 Format 

The PPI sessions proved that parents were interested in online questionnaires, so a 

suitable platform was needed to construct said questionnaires. Following an in-depth 

analysis of four platforms, which can be found elsewhere, Adobe FormsCentral® 

(AFC®) was deemed to be the best option. 284,285 The other three platforms were: 
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Google Docs®, SelectSurvey.NET® (SSN®) and SurveyMonkey®. AFC® was the optimal 

platform, because it: 

¶ had excellent usability 

¶ provided a variety of question types (e.g. radio button, dropdown box, text field) 

¶ allowed an unlimited number of graphics to be inserted 

¶ ƘŀŘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ΨǎƪƛǇ ƭƻƎƛŎΩ ƛƴǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ 

¶ allowed help boxes to be included with each question 

¶ kept completed forms on a secure server 

¶ easily exported data into both Microsoft Excel® and SPSS® 

¶ offered technological support via both email and phone 

¶ ŎƻǳƭŘ ǊŜǇƭƛŎŀǘŜ ǘƘŜ ΨƛŘŜŀƭΩ ŘŜǎƛƎƴΣ ŀǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ttL ǎŜǎǎƛƻƴǎ 

To ensure that AFC® was the right platform, further PPI sessions were conducted to 

compare it with SSN®. 16 volunteers were recruited from LWH, using the same 

inclusion/exclusion criteria as before. They completed prototype questionnaires in 

both AFC® and SSN®, then indicated their preferred platform. AFC® was preferred by 

снΦр҈ ǾƻƭǳƴǘŜŜǊǎΣ ŀǎ ƛǘ άŀǇǇŜŀǊŜŘ ƳƻǊŜ ŎƻƴŎƛǎŜέΦ 284,285 ¢ƘŜ ŀōƛƭƛǘȅ ǘƻ ƛƴŎƭǳŘŜ Ψǎƪip 

ƭƻƎƛŎΩ ƳŀŘŜ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ άŦŜŜƭ ǎƘƻǊǘŜǊέΣ ŀǎ ǳƴƴŜŎŜǎǎŀǊȅ ǉǳŜǎǘƛƻƴǎ ǿŜǊŜ 

automatically omitted. 284,285 

In July 2015, two years after questionnaire distribution had commenced, AFC® was 

ΨǊŜǘƛǊŜŘΩ ǿƛǘƘ ƭƛǘǘƭŜ ǿŀǊƴƛƴƎΦ !ƴ ŀƭǘŜǊƴŀǘƛǾŜ ǇƭŀǘŦƻǊƳ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ƴŜŜŘŜŘΣ ŦƻǊ 

participants to complete their questionnaires. JotForm® was chosen to continue the 

data collection, as it was a near-identical service to AFC®. It also cost significantly less, 

and when hosted on a European server, was compliant with the General Data 

Protection Regulation (GDPR). 289 The questionnaires had to be reconstructed in 

JotForm®, and then linked to the automated emailing system (see Section 3.7). 290 

3.4.3 Content 

In every questionnaire, there were ten questions that enquired about risk factors and 

healthcare service usage. Every questionnaire included the 33-item LRSQ. At the end of 

every questionnaire, parents could provide feedback about the study/questionnaire 

and opt-ƛƴ ǘƻ ǘƘŜ ǎǘǳŘȅΩǎ ƴŜǿǎƭŜǘǘŜǊ ǘƻƻΦ ¢ƘŜ ŦƛǊǎǘ ǉǳŜǎǘƛƻƴƴŀƛǊŜ όAppendix 4) 



43 
 

contained one-off questions regarding: personal details, demographic information and 

socioeconomic information. Table 6 provides an overview of the topics covered in each 

ǉǳŜǎǘƛƻƴƴŀƛǊŜΦ .ŜŎŀǳǎŜ ƻŦ ΨǎƪƛǇ ƭƻƎƛŎΩΣ ƛǘ ǿŀǎ ǇƻǎǎƛōƭŜ ŦƻǊ Ƴŀƴȅ ǇŀǊŜƴǘǎ ǘƻ ŀǾƻƛŘ 

unnecessary follow-up questions. As the study progressed, children were referred to 

differently in ŜŀŎƘ ǉǳŜǎǘƛƻƴƴŀƛǊŜΥ άȅƻǳǊ ƴŜǿ ōŀōȅέ όƛƴ ǉǳŜǎǘƛƻƴƴŀƛǊŜ мύΣ άȅƻǳǊ ōŀōȅέ 

(in questionnaires 2-оύΣ άȅƻǳǊ ǘƻŘŘƭŜǊέ όƛƴ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ п-сύ ŀƴŘ άȅƻǳǊ ŎƘƛƭŘέ (in 

questionnaires 7-10). 

Questionnaire One Only All Questionnaires 

¶ .ŀōȅΩǎ bŀƳŜ 

¶ .ŀōȅΩǎ {ŜȄ 

¶ .ŀōȅΩǎ 5ƻ. 

¶ BŀōȅΩǎ 9ǘƘƴƛŎƛǘȅ 

¶ Gestational Age at Birth 

¶ Multiple Birth 

¶ .ŀōȅΩǎ .ƛǊǘƘǿŜƛƎƘǘ 

¶ Antenatal Smoking Status 

¶ ETS Exposure in Pregnancy 

¶ Breastfeeding Status 

¶ Maternal Education 

¶ tŀǊŜƴǘǎΩ bŀƳŜǎ 

¶ Maternal Age 

¶ Address (inc. Postcode) 

¶ Email Address 

¶ Phone Number 

¶ Family History of Atopy 

¶ ETS Exposure 

¶ Nursery Attendance 

¶ Other Household Children 

¶ Bedroom Sharing 

¶ Co-Morbidities 

¶ GP Attendances 

¶ Hospital Attendances 

¶ LRSQ 

¶ Study Newsletter Opt-In 

¶ Study Feedback 

Table 6: content of questionnaires in the LBBS 

3.5 Development of Additional Study Materials 

Additional materials were produced, in order to advertise the study and facilitate 

recruitment onto it. Postcards (Appendix 5) allowed parents to provide their contact 

details to a recruiter (see Section 3.6). Posters (Appendix 6) were also created for 

display in the patient areas of LWH; the purpose of the posters was to advertise and 

recruit. The postcards and the posters contained a quick response (QR) code, which 
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ŀƭƭƻǿŜŘ ƛƴǘŜǊŜǎǘŜŘ ǇŀǊŜƴǘǎ ǘƻ Ƨƻƛƴ ǘƘŜ ǎǘǳŘȅΩǎ ƳŀƛƭƛƴƎ ƭƛǎǘ ƻǳǘǎƛŘŜ ƻŦ ǊŜŎǊǳƛǘƳŜƴǘ ƘƻǳǊǎΦ 

The same theme was used for the questionnaires and the study materials, to create a 

recognisable brand for the study. All mateǊƛŀƭǎ ǊŜŦŜǊǊŜŘ ǘƻ ǘƘŜ ǎǘǳŘȅ ŀǎ ǘƘŜ Ψ[ƛǾŜǊǇƻƻƭ 

.ŀōȅ .ǊŜŀǘƘƛƴƎ {ǘǳŘȅΩΣ ŀǎ ǘƘƛǎ ǿŀǎ ŎƭŜŀǊŜǊ ǘƻ ǇǊƻǎǇŜŎǘƛǾŜ ǇŀǊŜƴǘǎ ǘƘŀƴ Ψ¢ƘŜ [ƛǾŜǊǇƻƻƭ 

wŜǎǇƛǊŀǘƻǊȅ .ƛǊǘƘ /ƻƘƻǊǘ {ǘǳŘȅΩΦ  

Feedback was opportunistically sought about the additional study materials, whilst 

conductƛƴƎ ttL ǎŜǎǎƛƻƴǎ ŀōƻǳǘ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜΩǎ ŦƻǊƳŀǘ όsee Section 3.4.2). Twelve of 

the volunteers provided such feedback. Overall, there was a positive opinion of the 

materials. Appreciation was directed towards the consistent theme of the posters, 

postcards and questionnaires. Two-thirds of volunteers knew what QR codes were, 

and how to use them ς yet none indicated that they would choose to join the study via 

a QR code. 284,285 

3.6 Recruitment 

Infants were recruited into the LBBS between January 2013 and November 2014. 

Originally, midwives and paediatricians at LWH were to approach new parents about 

enrolment into the study. However, their busy schedules made this unfeasible. The 

recruitment drive was therefore conducted by MPhil students.  

To be eligible to participate in the LBBS, infants had to meet certain inclusion/exclusion 

criteria (Table 7). !ƴ atƘƛƭ ǎǘǳŘŜƴǘ ŀǘǘŜƴŘŜŘ [²IΩǎ Ǉƻǎǘƴŀǘŀƭ ǿŀǊŘǎ ŦƻǳǊ-days-a-week 

(Mondays, Tuesdays, Thursdays and Fridays), where they would receive a patient list 

each day. Using ǘƘƛǎ ƭƛǎǘΣ ǘƘƻǎŜ ǿƘƻ ŦŀƛƭŜŘ ǘƻ ƳŜŜǘ ǘƘŜ ǎǘǳŘȅΩǎ ƭƻŎŀǘƛƻƴ ŀƴŘ ƭŀƴƎǳŀƎŜ 

requirements could be excluded from the recruitment drive; by speaking to the ward 

manager, those who failed to meet the remainder of the inclusion criteria could also 

be excluded. 

Inclusion Criteria Exclusion Criteria 

born at LWH born outside of LWH 

lived within the L1-L38 postcode area lived outside the L1-L38 postcode area 

parents spoke English well parents could not speak English 

expected to live had a poor prognosis at birth 

continued living with parents placed into local authority care 

Table 7: inclusion/exclusion criteria 
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Every endeavour was made to recruit eligible infants, by personally attending the 

postnatal wards. Following an explanation ƻŦ ǘƘŜ ǎǘǳŘȅΣ ŀ ƴŜǿōƻǊƴΩǎ ǇŀǊŜƴǘǎ ǿƻǳƭŘ ōŜ 

given a postcard on which to fill out their contact details. This postcard could either be 

immediately returned to the MPhil student, or posted into a collection box upon 

discharge. The parents of most infants on the neonatal unit were approached on the 

postnatal ward, but a collection box was placed in the neonatal unit too, so they could 

opt-in to the study at a less stressful time. The scannable QR codes, on both the study 

posters and postcards, allowed parents to return their details via a web-based form. 

Contact details collected from the postcards were manually inputted into a secure 

database; details from the web-based form were automatically entered. Following 

ǊŜŎǊǳƛǘƳŜƴǘΣ ŀƴ ƛƴŦŀƴǘΩǎ ǇŀǊŜƴǘǎ ǿŜǊŜ ǎŜƴǘ ŀƴ Ŝmail to welcome them to the LBBS and 

to thank them for their interest/participation. 

3.6.1 Pilot Recruitment Study 

In January and February 2013, a four-week pilot study was run to determine the most 

effective strategy for recruiting infants into the LBBS. This pilot was conducted by the 

original MPhil students attached to the LBBS. 284,285 A different recruitment strategy 

was tested in each of the four weeks (Table 8). 284,285 Parents were approached on the 

postnatal wards of LWH, as described in Section 1.6. Any infant less than 4-months-old, 

who attended the CF clinic for the first time during the trial period, could be invited 

ƛƴǘƻ ǘƘŜ ǎǘǳŘȅ ōȅ ǘƘŜ ŎƭƛƴƛŎΩǎ Ŏƻƴǎǳƭǘŀƴǘ ǘƻƻΦ 

Week Strategy Days Times 
Recruitment 

Rate 

1 5 Full Days Monday ς Friday 
9:30 
ς 

16:30 
58% 

2 6 Mornings Monday ς Saturday 
9:30 
ς 

12:00 
65% 

3 
4 Full (Alternate) 

Days 
Monday, Wednesday, Friday, 

Sunday 

9:30 
ς 

16:30 
61% 

4 7 Full Days Monday ς Sunday 
9:30 
ς 

16:30 
78% 

Table 8: overview of the pilot recruitment study 
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During the trial period, there were 605 births at LWH. 334 were recruited by directly 

approaching parents on postnatal wards; 3 were recruited via the collection box on the 

neonatal unit; and another 2 were recruited from the CF clinic. Following an analysis of 

ŜŀŎƘ ǿŜŜƪΩǎ ǊŜŎǊǳƛǘƳŜnt rate of eligible infants (Table 8), the alternative option of 

recruiting on four full weekdays per week was touted. An additional pilot study for this 

option was run in March 2013, and yielded a recruitment rate of 69%. A 9:30 start time 

was also found to be most appropriate. 284,285 ¢ƘŜ ΨŦƻǳǊ Ŧǳƭƭ ǿŜŜƪŘŀȅǎ ǇŜǊ ǿŜŜƪΩ 

recruitment strategy was used henceforth. 

3.7 Questionnaire Distribution 

The first questionnaires were distributed in May 2013 ς four months after the first 

infants were recruited. Parents received subsequent questionnaires every six months; 

by the time their child reached 58-months-old, all ten should have been administered. 

The last questionnaires were sent in October 2019. Most were distributed through an 

automated emailing system, but some were sent through the post. By the second 

questionnaire (at 10-months-old), distribution was solely via email because the postal 

questionnaires had an inadequate response rate. 

MailChimp® was chosen to distribute the online questionnaires, following a thorough 

investigation of the potential distribution options. 284,285 MailChimp® was decided 

upon, due to the fact that it offers: 

¶ the ability to send automated emails, according to date of birth (DoB) ς meaning 

that the correct questionnaire would be sent at the right time 

¶ the option for participants to remove themselves from the mailing list ς meaning 

that they had the opportunity to withdraw 

¶ the ability to include personalised text fields ς meaning that emails could 

ƛƴŎƻǊǇƻǊŀǘŜ ǇŀǊŜƴǘǎΩ ƴŀƳŜǎΣ ŎƘƛƭŘǊŜƴΩǎ ƴŀƳŜǎΣ ŎƘƛƭŘǊŜƴΩǎ 5ƻ. ŀƴŘ ǳƴƛǉǳŜ L5 

numbers for an inter-personal touch 

¶ a secure server on which to hold the mailing list ς meaning that participant data 

would be safe 

¶ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ǇŜǊǎƻƴŀƭƛǎŜ ŜƳŀƛƭǎ ǿƛǘƘ ǘƘŜ ǎǘǳŘȅΩǎ ōǊŀƴŘ ς meaning that continuity 

Ŏŀƴ ōŜ ŎǊŜŀǘŜŘ ŀŎǊƻǎǎ ŀƭƭ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ǊŜǎƻǳǊŎŜǎ  
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¶ the option for parents to automatically add themselves to the mailing list by 

scanning a QR code ς meaning that recruitment could continue outside of the 

recruitment hours 

Using the personalised text fields, each email was addressed to the parent who signed 

ǳǇ ŦƻǊ ǘƘŜ ǎǘǳŘȅ όǇǊŜŘƻƳƛƴŀƴǘƭȅ ƳƻǘƘŜǊǎύΦ 9Ƴŀƛƭǎ ƛƴŎƭǳŘŜŘ ŀ ǊŜƳƛƴŘŜǊ ƻŦ ŜŀŎƘ ŎƘƛƭŘΩǎ 

unique ID number, as this was needed to complete the questionnaires. The 

questionnaires themselves were embedded within a hyperlink, which would take 

participants to either Adobe FormsCentral® or JotForm®. An exemplar email can be 

found in Appendix 7. 

aŀƛƭ/ƘƛƳǇϯ ŀƭƭƻǿŜŘ ŜƳŀƛƭǎ ǘƻ ōŜ ŘƛǎǘǊƛōǳǘŜŘ ŀ ŎŜǊǘŀƛƴ ƴǳƳōŜǊ ƻŦ ŘŀȅǎΣ ŀŦǘŜǊ ŀ ŎƘƛƭŘΩǎ 

birth (Table 9). This feature ŜƴǎǳǊŜŘ ǘƘŀǘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ŦƻǊ ŀ ŎƘƛƭŘΩǎ 

age was automatically sent. However, the original automation instructions meant that 

receiving the next questionnaire in the series was dependent on completing the 

previous one. This contributed to a large amount of attrition from the LBBS in its first 

two years. The automation instructions were therefore adjusted, so that parents were 

able to continue completing questionnaires ς ŜǾŜƴ ƛŦ ǘƘŜȅ ƘŀŘƴΩǘ ŎƻƳǇƭŜǘŜŘ ǘƘŜ 

previous one.  

Reminder emails were issued, to further reduce attrition from the study. Parents were 

emailed reminders to complete a questionnaire, if they failed to open the email or 

access the embedded link. These reminders were scheduled to be delivered after two, 

three and four weeks of the original questionnaire being sent. Birthday e-cards were 

sent to children on their birthdays, as they are known to improve retention rates. 291 

Time Since 
LƴŦŀƴǘΩǎ 5ƻ. 

Email Contents 

122 days Questionnaire 1: 4-Months-Old 

136 days Questionnaire 1: Reminder #1 

143 days Questionnaire 1: Reminder #2 

150 days Questionnaire 1: Reminder #3 

305 days Questionnaire 2: 10-Months-Old 

319 days Questionnaire 2: Reminder #1 

326 days Questionnaire 2: Reminder #2 

333 days Questionnaire 2: Reminder #3 
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1 year Happy 1st Birthday E-Card 

488 days Questionnaire 3: 16-Months-Old 

502 days Questionnaire 3: Reminder #1 

509 days Questionnaire 3: Reminder #2 

516 days Questionnaire 3: Reminder #3 

671 days Questionnaire 4: 22-Months-Old 

685 days Questionnaire 4: Reminder #1 

692 days Questionnaire 4: Reminder #2 

699 days Questionnaire 4: Reminder #3 

2 years Happy 2nd Birthday E-Card 

854 days Questionnaire 5: 28-Months-Old 

868 days Questionnaire 5: Reminder #1 

875 days Questionnaire 5: Reminder #2 

882 days Questionnaire 5: Reminder #3 

1037 days Questionnaire 6: 34-Months-Old 

1051 days Questionnaire 6: Reminder #1 

1058 days Questionnaire 6: Reminder #2 

1065 days Questionnaire 6: Reminder #3 

3 years Happy 3rd Birthday E-Card 

1220 days Questionnaire 7: 40-Months-Old 

1234 days Questionnaire 7: Reminder #1 

1241 days Questionnaire 7: Reminder #2 

1248 days Questionnaire 7: Reminder #3 

1403 days Questionnaire 8: 46-Months-Old 

1417 days Questionnaire 8: Reminder #1 

1424 days Questionnaire 8: Reminder #2 

1431 days Questionnaire 8: Reminder #3 

4 years Happy 4th Birthday E-Card 

1586 days Questionnaire 9: 52-Months-Old 

1600 days Questionnaire 9: Reminder #1 

1607 days Questionnaire 9: Reminder #2 

1614 days Questionnaire 9: Reminder #3 

1769 days Questionnaire 10: 58-Months-Old 

1783 days Questionnaire 10: Reminder #1 

1790 days Questionnaire 10: Reminder #2 

1797 days Questionnaire 10: Reminder #3 

5 years Happy 5th Birthday E-Card 
Table 9: timeline of questionnaire distribution 



49 
 

3.8 Data Storage 

Completed postcards, which contained participant contact details, were archived at 

ǘƘŜ LƴǎǘƛǘǳǘŜ ƻŦ /ƘƛƭŘ IŜŀƭǘƘΣ !ƭŘŜǊ IŜȅ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΦ !ƭƭ ƻŦ ǘƘŜ ŎƻƳǇƭŜǘŜŘ ƻƴƭƛƴŜ 

questionnaires were stored on the AFC® and JotForm® servers, which were Secure 

Socket Layer (SSL) secure. 289 The collected data from each questionnaire was exported 

into an Excel® spreadsheet ς where it was subsequently encrypted with a strong 

password. Excel® spreadsheets were stored on a secure server, hosted by the 

University of Liverpool. 

To minimise the amount of personal information collected throughout the study, such 

information was only collected in the first questionnaire. Subsequent questionnaires 

could identify individuals with their unique ID number; this number was included in all 

email correspondence, and was required to be entered before questionnaires could 

begin. 

3.9 Coding 

The data exported into Excel® was raw: responses appeared as they did in the 

questionnaire. For statistical packages (see Section 3.12) to process the data however, 

it needed to be converted into a numerical form. This was done in Excel® for the most 

ǇŀǊǘΣ ǳǎƛƴƎ ǘƘŜ ΨŦƛƴŘ-and-ǊŜǇƭŀŎŜΩ ŦǳƴŎǘƛƻƴ ǘƻ ŀƭƭƻŎŀǘŜ ŀƴ ƛƴǘŜƎŜǊ ǘƻ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ 

response for every question. The specific integers allocated to each response, for each 

question, can be found in Appendix 8. 

The responses to a minority of questions had to be coded using alternative methods. 

Birthweight could be provided in either kilograms or pounds-and-ounces, so the latter 

was converted to the former during the coding process. Analysing a single unit of 

measurement (kilograms) was considered to be easier than analysing mixed units 

(pounds-and-ounces). IMD deciles were coded by using an online governmental 

postcode converter, to calculate particiǇŀƴǘǎΩ La5 ŘŜŎƛƭŜǎ ŦǊƻƳ ǘƘŜƛǊ ǇƻǎǘŎƻŘŜǎΦ 292    

Co-morbidities were allocated to one of seven categories using author discretion ς and 

where there was uncertainty, the ICD-10. 293 Maternal age was calculated by 

ǎǳōǘǊŀŎǘƛƴƎ ŀ ƳƻǘƘŜǊΩǎ ȅŜŀǊ-of-birth, froƳ ƘŜǊ ƛƴŦŀƴǘΩǎ ȅŜŀǊ-of-birth.  
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3.10   Data Cleansing 

Whilst coding the raw data, a few issues were noticed, which would have impacted the 

integrity of the data. These issues had to be corrected. Table 10 outlines the frequency 

of each issue in each questionnaire. 

¢ƘŜ ŦƛǊǎǘ ƛǎǎǳŜ ŎƻƴŎŜǊƴŜŘ ǘƘŜ ǉǳŜǎǘƛƻƴΥ άIŀǾŜ ȅƻǳΣ ȅƻǳǊ ŎƘƛƭŘΩǎ ŦŀǘƘŜǊΣ ƻǊ ŀƴȅ ƻŦ ȅƻǳǊ 

ŎƘƛƭŘΩǎ ōǊƻǘƘŜǊǎ ƻǊ ǎƛǎǘŜǊǎ ŜǾŜǊ ōŜŜƴ ǘƻƭŘ ōȅ ŀ ŘƻŎǘƻǊ ǘƘŀǘ ǘƘŜȅΣ ƻǊ ȅƻǳΣ ƘŀǾŜ ŀǎǘƘƳŀΣ 

Ƙŀȅ ŦŜǾŜǊ ƻǊ ŜŎȊŜƳŀΚέΦ {ƻƳŜ ǇŀǊŜƴǘǎ ǊŜǇƻǊǘŜŘ ǘƘŜ ŀǘƻǇƛŎ ǎǘŀǘǳǎ ƻŦ ǎŜŎƻƴŘ-degree 

relatives (e.g. aunts and half-siblings); some parents reported the atopic status of the 

child, who was the focus of the questionnaire. 294 !ǎ ǘƘŜǎŜ ǊŜǎǇƻƴǎŜǎ ŘƛŘƴΩǘ ƳŜŜǘ ǘƘŜ 

inclusion criteria for the question, they were omitted from the dataset. For the 

ǉǳŜǎǘƛƻƴΥ ά²Ƙŀǘ ƛǎ ȅƻǳǊ ǇƻǎǘŎƻŘŜΚέΣ ŦƛǾŜ ǇŀǊŜƴǘǎ ŘƛŘƴΩǘ ǇǊƻǾƛŘŜ ŀ ǇƻǎǘŎƻŘŜ όƻǊ 

address), so no IMD data could be calculated for their family. As these families 

accounted for a very small proportion of the total cohort, the corresponding children 

were kept in the study because the absence of their IMD decile would have a negligible 

effect on the overall data analysis. The same approach was taken with the questions: 

ά²Ƙŀǘ ōŜǎǘ ŘŜǎŎǊƛōŜǎ ȅƻǳǊ ƴŜǿ ōŀōȅΩǎ ŜǘƘƴƛŎ ƎǊƻǳǇ ƻǊ ōŀŎƪƎǊƻǳƴŘΚέ ŀƴŘ άIƻǿ ƳǳŎƘ 

did your baōȅ ǿŜƛƎƘ ŀǘ ōƛǊǘƘΚέΦ ¢ǿƻ ǇŀǊŜƴǘǎ ŘƛŘ ƴƻǘ ǎǘŀǘŜ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ŜǘƘƴƛŎƛǘȅΣ ŀƴŘ 

ǘƘǊŜŜ ǇŀǊŜƴǘǎ ŘƛŘ ƴƻǘ ǎǘŀǘŜ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ōƛǊǘƘǿŜƛƎƘǘΦ {ƻƳŜ ǇŀǊŜƴǘǎ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǘƘŜƛǊ 

ŎƘƛƭŘ ƘŀŘ ōŜŜƴ ŜȄǇƻǎŜŘ ǘƻ ǾŀǇƛƴƎΣ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ǉǳŜǎǘƛƻƴΥ ά5ƻŜǎ ŀƴȅ ƳŜƳōŜǊ ƻŦ 

your housŜƘƻƭŘ ǎƳƻƪŜΣ ŀƴȅǿƘŜǊŜΚέΦ !ǎ ǘƘŜ ǉǳŜǎǘƛƻƴ ǿŀǎ ŀǎƪƛƴƎ ŀōƻǳǘ 9¢{Σ ŀƴȅ 

responses about vaping were omitted from the data. Parents were able to return 

questionnaires two through ten, despite having not completed the baseline 

questionnaire; this meant that ǘƘŜƛǊ ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊŜ ǎǘŀǘǳǎ ǘƻ most various risk factors 

(Table 11) had not been established. A similar problem arose whenever parents 

ǊŜǘǳǊƴŜŘ ŀ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǿƛǘƘƻǳǘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ǳƴƛǉǳŜ L5 ƴǳƳōŜǊΣ ōŜŎŀǳǎŜ ƛǘ ŎƻǳƭŘ ƴƻǘ 

be determined whether any informŀǘƛƻƴ ǿŀǎ ƘŜƭŘ ŀōƻǳǘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊŜ ǎǘŀǘǳǎΦ 

In both cases, respondents were removed from the dataset ς so as not to skew the 

results of the longitudinal and cross-sectional analyses, which relied upon knowing a 

ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊŜ ǎǘŀǘǳǎΦ ¢ƘŜ Ŧƛƴŀƭ ƛǎsue related to the duplication of questionnaire 

responses. The response that was completed closest to the expected completion date 

was kept in the dataset, meaning that duplicated responses could be removed. 
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Issue 
Frequency of Issue 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 

άIŀǾŜ ȅƻǳΣ ȅƻǳǊ 
ŎƘƛƭŘΩǎ ŦŀǘƘŜǊΣ ƻǊ ŀƴȅ 
ƻŦ ȅƻǳǊ ŎƘƛƭŘΩǎ 
brothers or sisters 
ever been told by a 
doctor that they, or 
you, have asthma, 
hay fever or 
ŜŎȊŜƳŀΚέ 

     4 1 2 2  

ά²Ƙŀǘ ƛǎ ȅƻǳǊ 
ǇƻǎǘŎƻŘŜΚέ 

5          

ά²Ƙŀǘ ōŜǎǘ 
describes your new 
ōŀōȅΩǎ ŜǘƘƴƛŎ ƎǊƻǳǇ 
ƻǊ ōŀŎƪƎǊƻǳƴŘΚέ 

2          

άIƻǿ ƳǳŎƘ ŘƛŘ 
your baby weigh at 
ōƛǊǘƘΚέ 

3          

ά5ƻŜǎ ŀƴȅ ƳŜƳōŜǊ 
of your household 
ǎƳƻƪŜΣ ŀƴȅǿƘŜǊŜΚέ 

        1 1 

Late Additions  3 1 2 17 25 16 25 27 26 

Missing ID Codes      4 1 2 1  

Duplicated 
Questionnaires 

    4 2 6 16 7 4 

Table 10: frequency of data collection discrepancies and missing information 

3.11   Data Analysis 

The analysis of the LBBS was separated into seven areas, which are described in more 

detail in the forthcoming: 

¶ Analysis of Recruitment and Enrolment  

¶ Analysis of the Family Cohort 

¶ Analysis of the Infant Cohort 

¶ Analysis of Attrition  

¶ Cross-Sectional Analysis  

¶ Longitudinal Analysis 

¶ Validation of the LRSQ 
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3.11.1   Recruitment and Enrolment 

The recruitment rate was analysed by calculating the number of parents who 

expressed interest in the study, as a proportion of the number of births and the 

number of eligible births at LWH during the recruitment period. Those who completed 

the baseline questionnaire, and issued consent, were considered to be enrolled in the 

study. The enrolment rate was analysed by calculating the number of enrolled 

participants, as a proportion of the number of births and the number of eligible births 

at LWH during the recruitment period, as well as the number of recruited participants. 

Data about the births at LWH during the recruitment period was obtained from 

Professor Ben Shaw at LWH. Reasons for non-recruitment and non-enrolment of these 

births were identified by Dr Joshua Stead, as part of his MPhil thesis; they have been 

replicated for the purposes of this thesis. 290 

3.11.2   Profile of the Family Cohort 

A profile of the families involved in the LBBS was constructed, to report the frequency 

at which children were exposed to (mostly socioeconomic) risk factors. Statistically 

significant differences in risk factor exposure were sought between the study cohort, 

and the eligible births in LWH during the recruitment period. Differences were sought 

between the study cohort and the wider population of Liverpool and/or England 

during the recruitment period too. A statistically significant difference was confirmed 

ǿƘŜƴ ˔2 testing returned a p-ǾŀƭǳŜ ƻŦ ҖлΦ05.  

5ŀǘŀ ŀōƻǳǘ ǘƘŜ [²IΩǎ ŜƭƛƎƛōƭŜ ōƛǊǘƘǎ ǿŀǎ ƻōǘŀƛned from Professor Ben Shaw. Postcodes 

of the eligible births were converted into IMD deciles using online governmental 

postcode converters. 292 Data regarding the proportion of Liverpool in each IMD decile 

was sourced from the Ministry of Housing, Communities & Local Government. 295 Data 

about antenatal smoking and breastfeeding, in Liverpool and England, was extracted 

from official NHS statistics. 296ς298 Data about maternal age and maternal education 

was taken from the Office for National Statistics. 299,300  

3.11.3   Profile of the Infant Cohort 

A profile of the infants enrolled in the LBBS was constructed, to describe the frequency 

of their exposure to (mostly demographic) risk factors. Statistically significant 
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differences in risk factor exposure were sought between the study cohort, and the 

eligible births in LWH during the recruitment period. Differences were sought between 

the study cohort and the wider population of Liverpool and/or England during the 

ǊŜŎǊǳƛǘƳŜƴǘ ǇŜǊƛƻŘ ǘƻƻΦ ! ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ǿŀǎ ŎƻƴŦƛǊƳŜŘ ǿƘŜƴ ˔2 

testing returned a p-ǾŀƭǳŜ ƻŦ ҖлΦлрΦ  

Data regarding the eligible births at LWH was obtained from Professor Ben Shaw. The 

Office for National Statistics provided data about: sex, ethnicity, gestational age, 

multiple pregnancies and birthweight in England. 301ς304 Data about the prevalence of 

multiple pregnancies in Liverpool was sourced from Public Health England. 253 

3.11.4   Attrition 

Attrition from the LBBS was analysed by calculating the number of responses to each 

of the ten questionnaires, as a proportion of the number of enrolled participants. The 

percentage change in response rate between successive questionnaires was also 

determined. Reasons for attrition were identified where possible ς again, using Dr 

WƻǎƘǳŀ {ǘŜŀŘΩǎ atƘƛƭ ǘƘŜǎƛǎ ŦƻǊ ǊŜŦŜǊŜƴŎŜΦ 290 

The demographic and socioeconomic characteristics of the study cohort were analysed 

at each questionnaire timepoint, to detect disproportionate drop-out rates amongst 

certain groups. Disproportionate drop-out was used to inform the use of statistical 

techniques, to mitigate for such losses in the cross-sectional/longitudinal analyses. 

3.11.5   Cross-Sectional Analysis 

The cross-sectional analysis of the LBBS examined the responses received to all ten 

questionnaires, but in isolation from each other. It was divided into four sections: 

¶ Analysis of Risk Factor Exposure 

¶ Analysis of Total LRSQ Scores and Domain Scores 

¶ Analysis of Symptom Prevalence 

¶ Analysis of Healthcare Service Usage 

Due to large amounts of attrition from the LBBS, the study cohort gradually became 

ƭŜǎǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ [²IΩǎ ŜƭƛƎƛōƭŜ ǎǘǳŘȅ ǇƻǇǳƭŀǘƛƻƴ ς especially in terms of 

deprivation (see Section 4.4). Therefore, to make the cohort more accurately reflect 

the spread of deprivation seen amongst births in LWH during the recruitment period, 
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the cross-sectional analysis applied factor weighting. It was used to analyse: total LRSQ 

scores, LRSQ domain scores, symptom prevalence and healthcare service utilisation, 

between different exposure groups. The weighting factors allocated to each IMD decile 

for each questionnaire can be found in Appendix 9.  

Whilst conducting the cross-sectional analysis, further adjustments were made to the 

data coding process. Children were recategorised according to their gestational age at 

birth; those born before 37 weeks of gestation were coded as premature, and those 

born at 37 weeks or later were coded as term. Children were also recategorised, based 

ƻƴ ǘƘŜƛǊ ōƛǊǘƘǿŜƛƎƘǘΤ ǘƘƻǎŜ ōƻǊƴ ŀǘ ғнΦрƪƎ ǿŜǊŜ ŎƻŘŜŘ ŀǎ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩΣ ǿƘƛƭǎǘ 

ǘƘƻǎŜ ōƻǊƴ ŀǘ нΦрƪƎ ƻǊ ŀōƻǾŜ ǿŜǊŜ ŎƻŘŜŘ ŀǎ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘΦ wŜǎǇƻƴǎŜǎ ŀōƻǳǘΥ 

ethnicity, maternal age, deprivation and maternal education were recategorised too. 

In order to account for the under-representation of certain groups within the LBBS, 

and increase the statistical power, these responses were condensed into fewer ς but 

larger ς groups. The adjusted codes can be found in Appendix 10. 

3.11.5.1   Exposure to Risk Factors 

¶ Antenatal Smoking Status 

¶ Bedroom Sharing 

o Bedroom Sharing with Whom 

¶ Birthweight 

¶ Breastfeeding Status 

o Duration of Breastfeeding 

¶ Co-Morbidities 

¶ Ethnicity 

¶ ETS Exposure During Pregnancy 

o Location of ETS Exposure During Pregnancy 

¶ Family History of Atopy 

¶ Gestational Age 

¶ Maternal Age 

¶ Maternal Education 

¶ Multiple Pregnancy 

¶ Nursery Attendance 

¶ Other Household Children 

o Number of Other Household Children 

¶ Postnatal ETS Exposure 

o Location of Postnatal ETS Exposure  

¶ Sex 
Table 11: risk factors assessed in the LBBS 
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¢ƘŜ [..{ ŀǎǎŜǎǎŜŘ ŎƘƛƭŘǊŜƴΩǎ ŜȄǇƻǎǳǊŜ ǘƻ Ƴŀƴȅ Ǌƛǎƪ ŦŀŎǘƻǊǎΣ ŀǎ ƻǳǘƭƛƴŜŘ in Table 11. 

The exposure prevalence to six particular risk factors was analysed at each timepoint: 

nursery attendance, other household children, bedroom sharing, ETS exposure, family 

history of atopy and co-morbidities. These six risk factors were liable to change for an 

individual throughout the course of the study, so had to be described at every 

timepoint.  

¦ǎƛƴƎ Řŀǘŀ ŦǊƻƳ tǳōƛŎ IŜŀƭǘƘ 9ƴƎƭŀƴŘΣ ˔2 testing compared the ETS exposure in each 

questionnaire, to the smoking prevalence in Liverpool and England. 258 A p-value of 

ҖлΦлр was deemed to indicate a statistically significant difference. The remaining five 

risk factors were analysed with descriptive statistics. 

3.11.5.2   LRSQ Score (Total and Domain) 

Descriptive statistics were used to analyse the total LRSQ scores, from every 

questionnaire. They were used to analyse the LRSQ domain scores; an overview of the 

[w{vΩǎ ŘƻƳŀƛƴǎ is 

provided in Table 12. 

Both the total and 

domain scores were 

calculated using 

Microsoft Excel, after 

the data had been 

coded into a numerical 

format.       

Mann-Whitney U and Kruskal-Wallis testing were used to analyse which risk factors 

resulted in higher LRSQ scores Σ ōŀǎŜŘ ǳǇƻƴ ŀ ŎƘƛƭŘΩǎ ŘŜƎǊŜŜ ƻŦ ŜȄǇƻǎǳǊŜ. The former 

was used when only two exposure groups existed for the risk factor being assessed 

(e.g. sex); the latter was used when there were more than two groups (e.g. maternal 

age). If Kruskal-Wallis testing revealed a statistically significant difference between the 

exposure groups of a risk factor, then post-ƘƻŎ ǘŜǎǘƛƴƎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘ 5ǳƴƴΩǎ 

test. Analysing for these differences allowed the risk factors that most affected a 

ŎƘƛƭŘΩǎ [w{v ǎŎƻǊŜ ς and thus, their respiratory wellbeing ς to be identified. 

{ǇŜŀǊƳŀƴΩǎ wŀƴƪ /ƻǊrelation was used to analyse the strength of the relationship 

Domain Description 
Maximum 

Score 

1 Daytime Symptoms 16 

2 Night-Time Symptoms 20 

3 Symptoms with Colds 21 

4 Symptoms without Colds 16 

5 Symptoms with Increased Activity 16 

6 Other Respiratory Symptoms 12 

7 QoL of the Child 16 

8 QoL of the Parent 16 

Table 12: domains in the LRSQ  
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ōŜǘǿŜŜƴ ǘƻǘŀƭ [w{v ǎŎƻǊŜ ŀƴŘ ǘƻǘŀƭ vƻ[ ǎŎƻǊŜΦ ! ŎƘƛƭŘΩǎ ǘƻǘŀƭ vƻ[ ǎŎƻǊŜ ǿŀǎ ǘƘŜƛǊ 

combined score from Domain 7 and Domain 8. Across all of the inferential tests, a                 

p-ǾŀƭǳŜ ƻŦ ҖлΦ05 was considered to reveal a statistically significant difference. 

3.11.5.3   Use of Multiple Testing Correction 

In the cross-sectional analysis, Kruskal-Wallis testing was used to detect statistically 

significant differences in total/domain LRSQ score, between children with varying 

levels of: deprivation, maternal age, maternal education, and breastfeeding time. Since 

Kruskal-Wallis testing cannot identify between which specific levels there is a 

ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜΣ 5ǳƴƴΩǎ ǘŜǎǘ ǿŀǎ ǳǎŜŘ ŦƻǊ Ǉƻst-ƘƻŎ ŀƴŀƭȅǎƛǎΦ 5ǳƴƴΩǎ 

test uses numerous pairwise comparisons to recognise where the statistically 

significant differences exist. 305 The test is therefore subject to multiple testing, which 

means that as more analyses are conducted, the chance of encountering a significant 

result increases ς potentially leading to a type I error. 306  

One way of minimising the likelihood of a type I error, is to perform a Bonferroni 

ŀŘƧǳǎǘƳŜƴǘΤ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ΨƭƻǿŜǊǎΩ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŀǘ ǿƘƛŎƘ ŀ Ǉ-value is deemed to be 

significant. In the LBBS, it was decided that correcting for multiple testing would not be 

used. As the goal of the cross-sectional analysis was to identify trends in total/domain 

LRSQ score, between the different levels of an individual risk factor, using a Bonferroni 

adjustment was considered to be too conservative ς potentially causing important 

trends to be overlooked (a type II error). Bonferroni adjustment is also unsuitable for 

use when independent variables have a degree of interdependence ς as they do in the 

LBBS. 306 The fact that multiple testing was used, should be taken into account when 

considering the significance of results with borderline significance. 

3.11.5.4   Symptom Prevalence 

For each timepoint, descriptive statistics were used to analyse the overall prevalence 

of respiratory symptoms in the cohort. Descriptive statistics were also used to analyse 

the prevalence of specific symptoms. For each specific symptom, binary logistic 

regression was used to calculate multiple odds ratios (ORs). Each OR shows how likely 

a symptom was to occur whenever a certain risk factor was present, compared to 

when that risk factor was absent. Statistically significant ORs were considered to be 
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evident when the p-ǾŀƭǳŜ ǿŀǎ ҖлΦлр, and/or the 95% confidence interval (95% CI) did 

not include 1. 

3.11.5.5   Healthcare Service Usage 

General practice (GP) and hospital attendance were analysed with descriptive 

statistics. For both GP and hospital attendance, binary logistic regression was used to 

calculate multiple odds ratios (ORs). Each OR shows how likely attendance was to 

occur whenever a certain risk factor was present, compared to when that risk factor 

was absent. {ǇŜŀǊƳŀƴΩǎ wŀƴƪ /ƻǊǊŜƭŀǘƛƻƴ ǿŀǎ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ŀƴȅ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ 

total LRSQ score and GP/hospital attendance rates. If a p-value was calculated to be 

ҖлΦлр, and/or the 95% confidence interval (95% CI) did not include 1, then a 

statistically significant result existed.  

3.11.6   Longitudinal Analysis 

The longitudinal analysis of the LBBS was performed using stepwise multi-level mixed 

effects modelling. 307 This technique could account for participants who did not 

complete every questionnaire, whilst ensuring that the model only contained the most 

predictive of the many inter-related risk factors for total/domain LRSQ score. 307,308 A 

series of univariate analyses were run, to establish which risk factors caused the 

total/domain LRSQ scores to significantly increase or decrease throughout the entire 

pre-school period. A p-ǾŀƭǳŜ ƻŦ ҖлΦлр ǿŀǎ ŘŜŜƳŜŘ ǘƻ ƛƴŘƛŎŀǘŜ ŀ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ 

change. Risk factors that returned a p-ǾŀƭǳŜ ƻŦ ҖлΦлр ǿŜǊŜ ǘƘŜƴ manually entered into 

a mixed effects model for the score that they affected ς as a fixed effect. Such factors 

were added to the model incrementally, in order of ascending p-value. LŦ ŀ Ǌƛǎƪ ŦŀŎǘƻǊΩǎ 

p-ǾŀƭǳŜ ǊŜƳŀƛƴŜŘ ŀǘ ҖлΦлрΣ ŜǾŜƴ ǳǇƻƴ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ƻǘƘŜǊ ǾŀǊƛŀōƭŜǎΣ ǘƘŜƴ ƛǘ ǿŀǎ ƪŜǇǘ 

ƛƴ ǘƘŜ ƳƛȄŜŘ ŜŦŦŜŎǘǎ ƳƻŘŜƭΤ ƛŦ ŀ ŦŀŎǘƻǊΩǎ Ǉ-value became >0.05, then it was removed 

from the mixed effects model.  

As with the cross-sectional analysis, the longitudinal analysis needed reflect the actual 

spread of deprivation seen amongst the births in LWH during the recruitment period. 

¢Ƙƛǎ ǿŀǎ ŀŎƘƛŜǾŜŘ ōȅ ƛƴŎƭǳŘƛƴƎ ŀ ŎƘƛƭŘΩs IMD decile as a random effect, in both the 

univariate analyses and mixed effects models. ΨvǳŜǎǘƛƻƴƴŀƛǊŜ ƴǳƳōŜǊΩ ǿŀǎ ŀƴother 

random effect, because it allowed those who did not complete all ten questionnaires 

to be represented.  
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3.11.7   LRSQ Validation 

¦ǎƛƴƎ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀΣ ǘƘŜ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ƻŦ ŀƭƭ ŜƛƎƘǘ ŘƻƳŀƛƴǎ ƛƴ ǘƘŜ [w{v ǿŜǊŜ 

evaluated. All responses were used, regardless of attrition. ²ƘŜƴ ʰ җ лΦтΣ ǘƘŜ ŘƻƳŀƛƴ 

ǿŀǎ ŘŜŜƳŜŘ ǘƻ ƘŀǾŜ ŀŎŎŜǇǘŀōƭŜ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅΤ ǿƘŜƴ ʰ җ лΦуΣ ǘƘŜ ŘƻƳŀƛƴ ǿŀǎ 

ŘŜŜƳŜŘ ǘƻ ƘŀǾŜ ƎƻƻŘ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅΤ ŀƴŘ ǿƘŜƴ ʰ җ лΦфΣ ǘƘŜ ŘƻƳŀƛƴ ǿŀǎ ŘŜŜƳŜŘ 

ǘƻ ƘŀǾŜ ŜȄŎŜƭƭŜƴǘ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅΦ !ƴ ʰ ƻŦ ғлΦт ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ unacceptable. 

3.12   Choice of Statistical Package 

The cross-sectional analysis, the profiles of the families and infants in the study, and 

attrition from the study were analysed using SPSS Statistics (Version 26). STATA 

(Version 14) was used to conduct the longitudinal analysis, and validate the LRSQ. R 

(Version 4.0.3) was used to create graphs and figures. 
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Chapter 4: Results 

Chapter 4 presents the results of the LBBS, in the seven previously-outlined areas. 

Recruitment and enrolment rates aǊŜ ǎǳƳƳŀǊƛǎŜŘΦ tǊƻŦƛƭŜǎ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ŦŀƳƛƭȅ ŀƴŘ 

infant cohorts are provided, which compares their characteristics, to the 

characteristics of LWH, Liverpool and England. Attrition from the LBBS is described, 

ŀƭƻƴƎǎƛŘŜ ŀƴ ŀƴŀƭȅǎƛǎ ƻŦ Ƙƻǿ ǘƘŜ ŎƻƘƻǊǘΩǎ ŎƘŀǊŀcteristics changed throughout the study 

in response to drop-out.  

The later analyses encompass the most original and important findings of this thesis, 

and conclude the LBBS. The cross-sectional analysis demonstrates the risk factors that 

exerted the largest influence upon paediatric respiratory health at different ages. The 

longitudinal analysis identifies the risk factors that cumulatively contributed to poor 

paediatric respiratory health throughout the first five years of life. An analysis of the 

[w{vΩǎ internal consistency shows whether the questionnaire can be validated for use 

in longitudinal studies.  
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4.1 Recruitment and Enrolment 

This section of the results is dedicated to the analysis of recruitment and enrolment 

into the LBBS. The recruitment rate reflects the number of parents who expressed 

interest in participating in the study. The enrolment rate reflects the number of 

parents who completed the baseline questionnaire. Reasons for non-recruitment and 

non-enrolment are also outlined. 

Recruitment is illustrated by the flowchart in Figure 1. 2,344 infants were recruited 

into the LBBS between 23rd January 2013 and 3rd November 2014, as their parents 

expressed interest in being involved with the study. 15.1% of the total births at LWH 

during the recruitment period (n = 15,492) were therefore recruited. 7.0% (n = 1,083) 

of infants were born 

during documented 

breaks in recruitment, 

11.1% (n = 1,722) were 

born outside of the 

ǎǘǳŘȅΩǎ ǇƻǎǘŎƻŘŜ ŀǊŜŀΣ лΦт҈ όƴ Ґ млнύ ǿŜǊŜ ōƻǊƴ ǘƻ ǇŀǊŜƴǘǎ ǿƘƻ ŘƛŘ ƴƻǘ ǎǇŜŀƪ 9ƴƎƭƛǎƘΣ 

0.4% (n = 58) had a poor prognosis at births, and 0.5% (n = 75) were not eligible for 

recruitment for other reasons. Since there was no way for these infants to ever be 

recruited, the recruitment rate amongst the eligible births at LWH during the 

recruitment period (n = 12,452) was actually 18.8% (Table 13). 80.6% (n = 10,040) of 

ŜƭƛƎƛōƭŜ ƛƴŦŀƴǘǎ ǿŜǊŜ ΨƳƛǎǎŜŘΩ ŀǘ [²I Řǳring recruitment. The parents of just 0.5%        

(n = 68) of eligible infants actively declined to be involved with the LBBS. 

689 infants were enrolled onto the LBBS, as their parents completed the baseline 

questionnaire and issued consent to being involved in the study. 1.5% (n = 36) of the 

recruited infants did not have consent provided on their behalf, 0.3% (n = 7) died 

before the study had begun, 10.8% (n = 253) could not be contacted ς due to an 

incorrect email/postal address, and the remaining 58.0% (n = 1,359) were assumed to 

ōŜ Ψƭƻǎǘ ǘƻ Ŧƻƭƭƻǿ-ǳǇΩΦ 29.4% of the recruited infants were therefore enrolled onto the 

LBBS (Table 14). 

 
Total Births at 

LWH 
Eligible Births at 

LWH 

Number 15,492 12,452 

Percentage of 
Infants Recruited 

15.1% 18.8% 

Table 13: recruitment rate into the LBBS  
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Figure 1: flowchart of recruitment throughout the LBBS 

 Total Births at 
LWH 

Eligible Births 
at LWH 

Recruited 
Infants 

Number 15,492 12,452 2,344 

Percentage of Infants Enrolled 4.4% 5.5% 29.4% 
Table 14: enrolment rate onto the LBBS 
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4.2 Profile of the Family Cohort 

This section of the results is dedicated to the analysis of the family cohort. Amongst 

ǘƘŜ [..{Ω ŦŀƳƛƭƛŜǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƘŀǾŜ ōŜŜƴ ŎŀƭŎǳƭŀǘŜŘΥ 

¶ breastfeeding prevalence 

¶ duration of breastfeeding 

¶ distribution of IMD deciles 

¶ distribution of maternal ages 

¶ distribution of maternal education 

levels 

¶ antenatal smoking prevalence 

¶ exposure to ETS during pregnancy 

Where possible, the LBBS cohort has also been compared to the eligible births from 

LWH and/or Liverpool and/or England. 

4.2.1 Breastfeeding Status 

70.6% (n = 480) of mothers in the LBBS breastfed for some duration of time, whereas 

нфΦп҈ όƴ Ґ нллύ ŘƛŘƴΩǘ ōǊŜŀǎǘŦŜŜŘ ŀǘ ŀƭƭ όFigure 2). 

 

Figure 2: prevalence of breastfeeding in the LBBS, compared to LWH and Liverpool and England 
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Compared to the eligible births from LWH, the uptake of breastfeeding was higher in 

ǘƘŜ [..{ ό˔2 = 126.71, p = <0.001, df = 1). The uptake of breastfeeding was higher too, 

ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǿƘƻƭŜ ƻŦ [ƛǾŜǊǇƻƻƭ ό˔2 = 71.22, p = <0.001, df = 1). The 

prevalence of breastfeeding in the LBBS was significantly lower than in England                     

ό2̝ = 4.45, p = 0.03, df = 1). 

4.2.1.1   Duration of Breastfeeding 

In the LBBS, 30.2% (n = 145) of the mothers who 

breastfed, did so for less than one month. 20.0%     

(n = 96) of the breastfeeding mothers stopped 

doing so after one to four months. 49.8%            

(n = 239) continued to breastfeed for longer 

than four months (Figure 3). 

 

4.2.2 Deprivation 

36.0% (n = 245) of families in the LBBS lived within the first (most deprived) IMD decile. 

17.1% (n = 116) lived in the second decile, 7.9% (n = 54) in the third decile, 6.5%             

(n = 44) in the fourth decile, and 9.4% (n = 64) in the fifth decile. 6.5% (n = 44) lived in 

the sixth decile, 7.8% (n = 53) in the seventh decile, 4.3% (n = 29) in the eighth decile, 

and 2.2% (n = 15) in the ninth decile. Just 1.6% (n = 11) of the families lived within the 

tenth (least deprived) decile (Figure 4). 0.7% (n = 5) of families did not declare their 

postcode, so no deprivation data could be retrieved.  

When compared to the eligible births from LWH, the LBBS saw higher IMD decile 

ǎŎƻǊŜǎ ό˔2 = 81.21, p = <0.001, df = 9). Higher IMD decile scores were also seen, when 

ǘƘŜ [..{ ǿŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŜƴǘƛǊŜ [ƛǾŜǊǇƻƻƭ ǇƻǇǳƭŀǘƛƻƴ ό˔2 = 70.55, p = <0.001,              

df = 9).  

Figure 3: breastfeeding in the LBBS by duration 
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Figure 4: IMD deciles in the LBBS, compared to LWH and Liverpool 

4.2.3 Maternal Age 

The question regarding maternal age was not added to the questionnaire until after 

the pilot recruitment study had been conducted; therefore, 19.3% (n = 126) of mothers 

did not provide their maternal age. Of the mothers who did provide their age: 1.1%     

(n = 6) were younger than 20-years-old, 8.3% (n = 46) were 20 to 24-years-old, 23.4%      

(n = 130) were 25 to 29-years-old, 37.6% (n = 209) were 30 to 34-years-old, 22.3%       

(n = 124) were 35 to 39-years-old, 6.8% (n = 38) were 40 to 44-years-old, and 0.5%       

(n = 3) were 45-years-old or older (Figure 5).  

Maternal age was older in the LBBS ς ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ [²IΩǎ ŜƭƛƎƛōƭŜ ōƛǊǘƘǎ                       

ό2̝ Ґ орΦмуΣ Ǉ Ґ ғлΦллмΣ ŘŦ Ґ сύΣ ǘƘŜ ǿƘƻƭŜ ƻŦ [ƛǾŜǊǇƻƻƭ ό˔2 = 122.05, p = <0.001, df = 6) 

ŀƴŘ ǘƘŜ ǿƘƻƭŜ ƻŦ 9ƴƎƭŀƴŘ ό˔2 = 71.23, p = <0.001, df = 6).  
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Figure 5: maternal ages in the LBBS, compared to LWH and Liverpool and England 

4.2.4 Maternal Education 

1.6% (n = 11) of mothers in the LBBS possessed no qualifications. 1.9% (n = 13) were 

educated to Level 1 (i.e. they finished secondary school, but with less than five passing 

GCSEs/O-Levels). 15.3% (n = 104) were educated to Level 2 (i.e. they had five or more 

GCSEs/O-Levels), and 7.5% (n = 51) were educated to Level 3 (i.e. they had at least two 

A-Levels). 50.3% (n = 342) were educated to Level 4 or above (i.e. they had at a 

degree). 16.8% (n = 114) had completed a vocational qualification (e.g. NVQs), and 

6.6% (n = 45) had completed an apprenticeship or other qualification (Figure 6). 1 

 
1 aƻǘƘŜǊǎ ǿƛǘƘ ŀ ǾƻŎŀǘƛƻƴŀƭ ǉǳŀƭƛŦƛŎŀǘƛƻƴ ǿŜǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ˔2 testing, as their 

level of training could not be differentiated. 
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Compared to the educational level of parents in Liverpool, mothers in the LBBS were 

ƳƻǊŜ ŜŘǳŎŀǘŜŘ ό˔2 = 315.40, p = <0.001, df = 5). The same difference existed between 

mothers in the LBBS, and parents in EngƭŀƴŘ ό˔2 = 219.43, p = <0.001, df = 5).  

 

Figure 6: maternal education levels in the LBBS, compared to Liverpool and England 

4.2.5 Smoking 

4.2.5.1   Antenatal Smoking Status 

90.6% (n = 616) of mothers in the LBBS did not smoke during pregnancy. However, this 

means that 9.4% (n = 64) continued the habit whilst pregnant (Figure 7). 

Compared to the eligible births from LWH, the prevalence of antenatal smoking was 

ƭƻǿŜǊ ƛƴ ǘƘŜ [..{ ό˔2 = 31.70, p = <0.001, df = 1). The prevalence of antenatal smoking 

was ŀƭǎƻ ƭƻǿŜǊ ƛƴ ǘƘŜ [..{Σ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ [ƛǾŜǊǇƻƻƭ ό˔2 = 25.74, p = <0.001, df = 1) 

ŀƴŘ 9ƴƎƭŀƴŘ ό˔2 = 4.00, p = 0.05, df = 1). 
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Figure 7: prevalence of antenatal smoking in the LBBS, compared to LWH and Liverpool and England 

4.2.5.2   ETS Exposure During Pregnancy 

19.6% (n = 133) of mothers in 

the LBBS were exposed to ETS 

which originated from another 

person. During their 

pregnancies: 21.1% (n = 28) of 

these mothers were exposed 

to ETS inside the home, 87.2% 

(n = 116) were exposed to ETS 

outside of the home, 8.3% (n = 

11) were exposed to ETS inside 

the car, 9.0% (n = 12) were exposed to ETS inside another location (e.g. work), and 

3.8% (n = 5) were exposed to ETS elsewhere (Figure 8). 

Figure 8: antenatal ETS exposure in the LBBS by location  
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4.3 Profile of the Infant Cohort 

This section of the results is dedicated to the analysis of the infant cohort. Amongst 

ǘƘŜ [..{Ω ƛƴŦŀƴǘǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƘŀǾŜ ōŜŜƴ ŎŀƭŎǳƭŀǘŜŘΥ 

¶ prevalence of low birthweight 

¶ distribution of infant ethnicity 

¶ rate of prematurity 

¶ rate of post-term birth 

¶ prevalence of multiple pregnancies 

¶ distribution of infant sex 

Where possible, the LBBS cohort has also been compared to the eligible births from 

LWH and/or Liverpool and/or England. 

4.3.1 Birthweight 

фΦл҈ όƴ Ґ снύ ƻŦ ƛƴŦŀƴǘǎ ƛƴ ǘƘŜ [..{ ǿŜǊŜ ŎƭŀǎǎŜŘ ŀǎ ōŜƛƴƎ ƻŦ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩΣ ǎƛƴŎŜ 

they were born at <2.5kg. 90.6% (n = 624) of infants were not deemed to be of a low 

birthweight, and no birthweight was provided for 0.4% (n = 3) of infants. The 

distribution of birthweights in the LBBS can be seen in Figure 9.  

 

Figure 9: birthweight of infants in the LBBS, compared to LWH and England & Wales 

There ǿŀǎ ƴƻǘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ 

ƛƴŦŀƴǘǎ ǎŜŜƴ ƛƴ ǘƘŜ [..{Σ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŜƭƛƎƛōƭŜ ōƛǊǘƘǎ ŀǘ [²I ό˔2 = 0.12,           

p = 0.73, df = 1). However, there were fewer Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ƛƴŦŀƴǘǎ ōƻǊƴ ƛƴ 9ƴƎƭŀƴŘ 

ŀǊƻǳƴŘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ ό˔2 = 3.95, p = 0.05, df = 1). 
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4.3.2 Ethnicity 

The majority of infants in the LBBS were white: 90.9% (n = 626). Just 0.9% (n = 6) of 

infants were black, and only 0.4% (n = 3) of infants were Asian ς Indian, Pakistani or 

Bangladeshi. 7.6% (n = 52) identified as another ethnicity ς including mixed race 

(Figure 10). 0.3% (n = 2) did not declare their ethnicity.  

 

Figure 10: ethnicity of infants in the LBBS, compared to LWH and England & Wales 

The prevalence of white infants in the LBBS was higher than all other ethnicities, when 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŜƭƛƎƛōƭŜ ōƛǊǘƘǎ ƛƴ [²I ό˔2 = 7.21, p = 0.007, df = 1), and in England & 

WalŜǎ ό˔2 = 91.47, p = <0.001, df = 1).  

4.3.3 Gestational Age 

tǊŜƳŀǘǳǊƛǘȅ ǿŀǎ ǎŜŜƴ ƛƴ мнΦр҈ όƴ Ґ усύ ƻŦ ǘƘŜ [..{Ω ƛƴŦŀƴǘǎΣ ŀƴŘ нпΦн҈ όƴ Ґ мстύ ƻŦ ǘƘŜ 

infants were born post-term. The distribution of gestational ages in the LBBS can be 

seen in Figure 11. 

The rate of prematurity in the LBBS was higher than the rate of prematurity amongst 

ǘƘŜ ŜƭƛƎƛōƭŜ ōƛǊǘƘǎ ŀǘ [²I ό˔2 = 5.16, p = 0.02, df = 1). The rate of prematurity was also 

higher than 9ƴƎƭŀƴŘΩǎ ό2̝ = 25.33, p = <0.001, df = 1). 
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Figure 11: gestational age of infants in the LBBS, compared to LWH and England & Wales 

4.3.4 Multiple Pregnancies 

There were 9 pairs of twins enrolled onto the LBBS ς accounting for 1.3% of the 

pregnancies represented in the study. Therefore, the LBBS had a multiple pregnancy 

rate of 10.3 per 1000 pregnancies (Figure 12).  

The rate of multiple pregnancies in the LBBS was not significantly different to the 

ƳǳƭǘƛǇƭŜ ǇǊŜƎƴŀƴŎȅ ǊŀǘŜ ǎŜŜƴ ŀƳƻƴƎǎǘ ǘƘŜ ŜƭƛƎƛōƭŜ ōƛǊǘƘǎ ŀǘ [²I ό˔2 = 0.31, p = 0.58,    

ŘŦ Ґ мύΦ ¢ƘŜ ǎǘǳŘȅΩǎ ƳǳƭǘƛǇƭŜ pregnancy rate was neither significantly different to the 

ǿƘƻƭŜ ƻŦ [ƛǾŜǊǇƻƻƭΩǎ ό2̝ = 0.03, p = 0.87, df = 1), nor England ϧ ²ŀƭŜǎΩ ό˔2 = 0.37,            

p = 0.54, df = 1).  
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Figure 12: multiple pregnancy rate in the LBBS, compared to LWH and Liverpool and England 

4.3.5 Sex 

49.49% (n = 341) of the infants in the LBBS male, whilst 50.51% (n = 348) were female. 

As compared to the eligible births in England & Wales, the split between male and 

female infants was not considered to be significantly different ό2̝ = 0.91, p = 0.34,           

df = 1). No data was available from LWH, for which to draw any comparisons.  
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4.4 Attrition 

This section of the results is dedicated to the analysis of attrition from the LBBS. The 

rates of attrition between successive questionnaires, and from the first questionnaire, 

have been calculated. An overview of reasons for attrition from the study is also given. 

Changes to the demographics of the cohort (as a result of attrition) are described too. 

4.4.1 Rate of Attrition 

Of the 689 infants enrolled onto the 

LBBS: 97.1% (n = 667) were accounted 

for in questionnaire one, 54.1%                  

(n = 372) were accounted for in 

questionnaire two, 39.6% (n = 272) 

were accounted for in questionnaire 

three, 36.8% (n = 253) were accounted 

for in questionnaire four, and 32.8%     

(n = 225) were accounted for in 

questionnaire five. 33.5% (n = 230) 

were accounted for in questionnaire six, 31.3% (n = 215) were accounted for in 

questionnaire seven, 36.4% (n = 250) were accounted for in questionnaire eight, 31.0% 

(n = 213) were accounted for in questionnaire nine, and 31.9% (n = 219) were 

accounted for in questionnaire ten. Table 15 describes the change in response rate 

between successive questionnaires, and Figure 13 shows the change graphically.  

 Respondents 
Response Rate from Total 

LBBS Cohort 
ɝ% in Response Rate from 

Previous Questionnaire 

Q
u

e
st

io
n

n
a
ir
e
 N

u
m

b
e
r 

1 667 97.1%  

2 372 54.1% -44.2% 

3 272 39.6% -26.9% 

4 253 36.8% -7.0% 

5 225 32.8% -11.1% 

6 230 33.5% +2.2% 

7 215 31.3% -6.5% 

8 250 36.4% +16.3% 

9 213 31.0% -14.8% 

10 219 31.9% +2.8% 
Table 15: questionnaire response rate, and change in response rate  

Figure 13: change in questionnaire response rate  
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Figure 14: flowchart of attrition throughout the LBBS 
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Participants were deemed to have permanently dropped-out if they: left the study (i.e. 

deliberately removed themselves from mailing list), or died, or were lost to follow-up 

όƛΦŜΦ ŘƛŘƴΩǘ ŎƻƳǇƭŜǘŜ ŀƴȅ ŦǳǊǘƘŜǊ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎύΦ ¢ƘƻǎŜ ǿƘƻ ƳƛǎǎŜŘ ŀ ǉǳŜǎǘƛƻƴƴŀƛǊe 

(i.e. went on to complete at least one future questionnaire) were deemed to have 

temporarily dropped out. Figure 14 shows the reasons for attrition between every 

questionnaire.  

Further analysis showed that for the 

majority of infants: 20.9% (n = 143), 

just one questionnaire was returned. 

41.5% (n = 285) of the cohort 

completed at least half of the 

questionnaires. A complete dataset 

was achieved for 6.0% (n = 41) of 

infants ς meaning that all ten 

questionnaires were returned (Table 

16). 

4.4.2 Demographic Change of the Study Cohort 

Throughout the LBBS, fluctuations in the demographic profile of the cohort were 

apparent. Attrition can be held accountable for some of these changes, as within each 

of the different demographics, certain groups were more likely to drop-out of the 

study. The following sub-headings describe how the cohort changed across the ten 

questionnaires, in ten distinct areas, as previously described in Section 4.2 and Section 

4.3. 

4.4.2.1   Antenatal Smoking Status 

The proportion of mothers who smoked during pregnancy decreased by an average of 

0.22% between each questionnaire (Figure 15). Since the proportion of mothers who 

ŘƛŘƴΩǘ ǎƳƻƪŜ ƛƴŎǊŜŀǎŜŘ ōȅ лΦ22%, there was a disproportionate drop-out rate amongst 

those who smoked antenatally. 

 Respondents 
% of Total 

LBBS Cohort 

N
u

m
b

e
r 

o
f 

C
o

m
p
le

te
d

 
Q

u
e
st

io
n

n
a
ir
e
s 

1 143 20.8 

2 118 17.2 

3 91 13.2 

4 50 7.3 

5 65 9.5 

6 38 5.5 

7 53 7.7 

8 45 6.6 

9 43 6.3 

10 41 6.0 
Table 16: LBBS cohort by number of completed questionnaires 
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4.4.2.2   Birthweight 

The average rate of attrition between each questionnaire was 0.36% for 'low 

birthweight' infants (Figure 16). Since the proportion of 'normal birthweight' infants 

grew by 0.33% between each questionnaire, there was a disproportionate amount of 

attrition amongst 'low birthweight' infants. 

4.4.2.3   Breastfeeding Status 

On average, the breastfed population increased by 0.57% between each questionnaire, 

whilst the non-breastfed population fell by 0.57% (Figure 17). Non-breastfed infants 

therefore dropped-out of the study to a greater extent than breastfed infants did.  

4.4.2.4   Deprivation 

The proportion of respondents in the first and second IMD deciles declined by an 

average of 0.75% and 0.29% respectively between each of the ten questionnaires 

(Figure 18). On average, the other eight deciles saw an increase (or a negligible 

change) in the proportion of respondents within them. A disproportionate rate of 

attrition was seen from the most deprived participants. 

4.4.2.5   Ethnicity  

The proportion of white infants rose by 0.29% between each questionnaire in the 

LBBS, whilst the proportion of non-white infants declined by 0.24% (Figure 19). There 

were no Asian participants remaining in the study from the third questionnaire, 

onwards. Non-white infants therefore dropped-out of the LBBS at a disproportionately 

higher rate than white infants.  

4.4.2.6   Gestational Age 

The average rate of attrition between each questionnaire was 0.36% for premature 

infants; the proportion of term infants grew by 0.36% between questionnaires (Figure 

20). Infants who were born prematurely dropped-out of the LBBS at a slightly greater 

rate than those who were born at term.  

4.4.2.7   Maternal Age 

The proportion of women with a maternal age of less than 25-years-old fell by an 

average of 0.33% between each questionnaire; the proportion of women with a 

maternal age of 25 to 34-years-old fell by 0.57% (Figure 21). The proportion of 
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ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old rose by 0.92% between each questionnaire - even though 

all mothers older than 45-years-old had departed the study by the fourth 

questionnaire. The overall trend in attrition shows that younger mothers were lost 

from the LBBS disproportionately more so than older mothers were. 

4.4.2.8   Maternal Education 

The proportion of mothers who were degree-educated increased throughout the 

study: by an average of 1.6% between each questionnaire (Figure 22). Decreases were 

seen in the proportion of mothers from all other educational levels - showing that 

attrition was more common amongst less-educated mothers. 

4.4.2.9   Multiple Pregnancy 

There was a negligible change in the proportion of responses that came from twins, 

and the proportion that came from singletons, throughout the LBBS (Figure 23). 

4.4.2.10   Sex 

There was a negligible change in the proportion of male and female infants throughout 

the study (Figure 24). 
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Figure 17: proportion of mothers over time by breastfeeding status 

Figure 15: proportion of mothers over time by antenatal smokig status 

Figure 16: proportion of infants over time by birthweight classification 
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Figure 19: proportion of infants over time by ethnicity 

Figure 18: proportion of families over time by IMD decile 
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Figure 21: proportion of mothers over time by highest educational level 

Figure 20: proportion of infants over time by gestational age 
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Figure 22: proportion of mothers over time by age at the time of delivery 

Figure 24: proportion of infants over time by sex 

Figure 23: proportion of infants over time by twin or singleton status 
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4.5 Cross-Sectional Analysis 

This section of the results is dedicated to the cross-sectional analysis of the LBBS. The 

prevalence of the following risk factors has been described for each of the ten 

questionnaire timepoints: nursery attendance, other household children, bedroom 

sharing, ETS exposure, family history of atopy and co-morbidities. At every timepoint, 

the distribution of total/domain LRSQ scores, the prevalence of different respiratory 

symptoms, and the frequency of healthcare service attendance have been calculated. 

LƴŦŜǊŜƴǘƛŀƭ ǎǘŀǘƛǎǘƛŎŀƭ ǘŜǎǘǎ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƻ ŀƴŀƭȅǎŜ Ƙƻǿ ŀ ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊŜ ǘƻ ŎŜǊǘŀƛƴ 

risk factors, can affect their LRSQ score and symptom prevalence and healthcare 

service attendance at ten different ages. 

4.5.1 Questionnaire 1: 4-Months-Old 

4.5.1.1   Exposure to Risk Factors 

4.5.1.1.1    Nursery Attendance 

At 4-months-old, 4.2% (n = 28) of infants attended nursery.  

4.5.1.1.2    Other Household Children 

36.1% (n = 241) of infants lived with at least one other child at 4-months-old. 71.8%            

(n = 171) lived with only one other, 22.7% (n = 54) lived with two others, 3.4% (n = 8) 

lived with three others, 1.7% (n = 4) lived with four others, and 0.4% (n = 1) lived with 

seven others.  

4.5.1.1.3    Bedroom Sharing 

At 4-months-old, 69.3% (n = 462) of infants shared a bedroom. 93.4% (n = 450) shared 

with their parent(s), 5.8% (n = 28) shared with one other child, and 0.8% (n = 4) shared 

with someone else.  

4.5.1.1.4    ETS Exposure 

18.6% (n = 124) of infants were exposed to ETS at 4-months-old. 8.9% (n = 13) were 

exposed to ETS from inside the home, 82.2% (n = 120) were exposed to ETS from 

outside of the home, 2.7% (n = 4) were exposed to ETS from inside the car, 5.5% (n = 8) 

were exposed to ETS from within another location (e.g. work), and 0.7% (n = 1) were 

exposed to ETS from elsewhere. 
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At 4-months-old, the prevalence of ETS exposure amongst infants in the LBBS was not 

significantly different to the prevalence of smoking in England in 2013-мр ό˔2 = 0.50,     

p = 0.48, df = 1). However, it was lower than the prevalence of smoking in Liverpool in 

2013-мр ό˔2 = 7.22, p = 0.007, df = 1). 

4.5.1.1.5    Family History of Atopy 

At 4-months-old, 59.4% (n = 396) 

of infants had a family history of 

atopy. 

From those with a family history of 

atopy: 61.4% (n = 243) had an 

atopic mother, 51.0% (n = 202) 

had an atopic father, and 27.0%            

(n = 107) had at least one atopic 

sibling. There was a family history 

of: asthma in 49.0% (n = 194) of 

these infants, hay fever in 64.6%   

(n = 256), and eczema in 48.0%          

(n = 190). Figure 25 shows how 

familial atopy was inter-related at             

4-months-old. 

 

 

4.5.1.1.6    Co-Morbidities 

7.8% (n = 52) of infants had a co-morbid disease at 4-months-old. The gastrointestinal 

system was the most common co-morbid system at this age, whilst eczema was the 

most common co-morbidity overall. Table 17 shows the co-morbidities seen at                     

4-months-old ς as reported by parents, and grouped according to organ system. 

 

 

 

Figure 25: infants with a family history of atopy, by relative(s) and disease(s), at 4-months-old   
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Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 6) 

Cystic Fibrosis 2 

Laryngomalacia 2 

Atelectasis  1 

Chronic Lung Disease of Prematurity 1 

Scarring of the Lungs 1 

Cardiac 
(n = 7) 

Congenital Heart Disease 4 

Heart Murmur 3 

Renal 
(n = 2) 

Duplex Kidney 1 

Vesicoureteral Reflux 1 

Neurological 
(n = 2) 

Hydrocephalus 1 

Intracranial Haemorrhage 1 

Gastrointestinal 
(n = 11) 

Gastro-Oesophageal Reflux 8 

Hernia  2 

ά.ƭƻƻŘ ƛƴ {ǘƻƻƭǎέ 1 

Other 
(n = 30) 

Eczema 17 

Food Allergy 4 

Developmental Dysplasia of Hips 3 

Blood Blister 1 

Cleft Palate 1 

5ƻǿƴΩǎ {ȅƴŘǊƻƳŜ ό¢ǊƛǎƻƳȅ нмύ 1 

Hypospadias 1 

Neonatal Alloimmune Thrombocytopenia 1 

Sagittal Craniosyntosis  1 
Table 17: co-morbidities of the LBBS cohort at 4-months-old 

4.5.1.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 4-months-old are shown in Table 18. The distribution of scores are 

shown graphically in Figure 26. 

 Minimum 
Lower 

Quartile  
Median 

Upper 
Quartile  

Maximum Mean 
Standard 
Deviation 

Total Score 0 2 5 13 109 9.98 12.80 

Domain 1 0 0 1 2 15 1.45 2.01 

Domain 2 0 0 2 3 19 2.15 2.37 

Domain 3 0 0 1 3 21 2.34 3.17 

Domain 4 0 0 0 1 16 0.78 1.60 

Domain 5 0 0 0 0 16 0.49 1.43 

Domain 6 0 0 0 2 12 1.16 1.90 

Domain 7 0 0 0 0 8 0.45 1.14 

Domain 8 0 0 0 1 16 0.98 2.18 
Table 18: descriptive statistics of the total and domain LRSQ scores at 4-months-old 
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Figure 26: distribution of total and domain LRSQ scores at 4-months-old 

4.5.1.2.1    Impact of Risk Factor Exposure on Total LRSQ Score 

Total LRSQ scores were higher amongst infants who: did not share a bedroom                   

(U = 40784, p = 0.023), had a family history of atopy (U = 45622, p = 0.010) or had a    

co-morbidity (U = 10123, p = <0.001). They were also higher amongst males                           

(U = 45955, p = 0.001). 

4.5.1.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.1.2.2.1     Domain 1 

Domain 1 scores were higher amongst males (U = 48776, p = 0.034), and those with a 

co-morbidity (U = 11190, p = 0.001). 

There were differences in domain 1 score between the different levels of maternal 

education (H = 6.75, p = 0.034, df = 2). Post-hoc analysis revealed that infants with 
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school-educated mothers scored higher than those with degree-educated mothers            

(p = 0.012). 

4.5.1.2.2.2     Domain 2 

Domain 2 scores were higher amongst males (U = 46825, p = 0.004), and those with a 

co-morbidity (U = 10751, p = <0.001). 

There were differences in domain 2 score between the different levels of maternal 

education (H = 7.63, p = 0.022, df = 2). Post-hoc analysis revealed that infants with 

school-educated mothers scored higher than those with degree-educated mothers             

(p = 0.011). There were differences in domain 2 score amongst breastfed infants, 

depending on how long they were breastfed for (H = 7.10, p = 0.029, df = 2). It also 

revealed that infants who were breastfed for more than 4 months scored lower, 

compared to those who were breastfed for less than 1 month (p = 0.028) or for 1-4 

months (p = 0.031). 

4.5.1.2.2.3     Domain 3 

Domain 3 scores were higher amongst infants who: lived with other children                    

(U = 44619, p = 0.032), did not share a bedroom (U = 39374, p = 0.003), or had a           

co-morbidity (U = 12485, p = 0.020). 

4.5.1.2.2.4     Domain 4 

Domain 4 scores were higher amongst infants who had: a family history of atopy               

(U = 47208, p = 0.023), or a co-morbidity (U = 13150, p = 0.038). They were also higher 

amongst premature infants (U = 18990, p = 0.020). 

There were differences in domain 4 score between the different levels of maternal 

education (H = 16.80, p = <0.001, df = 2) and deprivation (H = 10.20, p = 0.037, df = 4). 

Post-hoc analysis revealed that infants with degree-educated mothers scored lower, 

compared to those with school (p = <0.001) and vocationally-educated mothers                 

(p = 0.014). Post-hoc analysis revealed that infants living in the most-deprived IMD 

quintile scored higher than those living in the second-most deprived IMD quintile                  

(p = 0.015).  
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4.5.1.2.2.5     Domain 5 

Domain 5 scores were higher amongst infants who: had a family history of atopy                 

(U = 47996, p = 0.025), had a co-morbidity (U = 11742, p = <0.001), or were not 

breastfed (U = 41419, p = 0.018). 

4.5.1.2.2.6     Domain 6 

Domain 6 scores were higher amongst males (U = 47768, p = 0.006), and those who 

had: a co-morbidity (U = 11151, p = <0.001), or a family history of atopy (U = 46814,             

p = 0.020).  

4.5.1.2.2.7     Domain 7 

Domain 7 scores were higher amongst infants who: did not share a bedroom                   

(U = 42435, p = 0.027), had a family history of atopy (U = 48423, p = 0.045) or had a  

co-morbidity (U = 13115, p = 0.011).  

4.5.1.2.2.8     Domain 8 

Domain 8 scores were higher amongst infants who: lived with other children                      

(U = 45334, p = 0.028), had a family history of atopy (U = 47604, p = 0.031), were not 

breastfed (U = 41493, p = 0.043), or had a co-morbidity (U = 10577, p = <0.001). They 

were also higher amongst males (U = 46965, p = 0.001). 

4.5.1.2.3    Total LRSQ Score vs Total QoL Score 

¢ƘŜǊŜ ǿŀǎ ŀ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀƴ ƛƴŦŀƴǘΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ ǘƻǘŀƭ 

QoL score (rs = 0.739, p = <0.001). Figure 27 shows the correlation graphically. A higher 

total LRSQ score is more strongly correlated with a poor QoL for parents, than with a 

poor QoL for infants (rs = 0.718, p = <0.001 vs rs = 0.598, p = <0.001). Infants who 

regularly suffer with respiratory symptoms, and their parents, therefore experience a 

worse QoL. 
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Figure 27: correlation between total LRSQ score and total QoL score at 4-months-old 

4.5.1.3   Symptom Prevalence 

90.0% (n = 600) of infants experienced at least one type of respiratory symptom at     

4-months-old. Snoring was the most common symptom, as it was experienced by 

62.2% (n = 415) of infants; SOB was the least common symptom, as it was experienced 

by 12.4% (n = 83) of infants. Figure 28 demonstrates the prevalence of individual 

symptoms. 

 

Figure 28: prevalence of respiratory symptoms at 4-months-old 
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4.5.1.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.1.3.1.1     Colds 

Colds were more likely amongst: infants who were born at term (OR = 1.66, 95% CI = 

1.01 ς 2.72)Σ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ infants (OR = 1.88, 95% CI = 1.09 ς 3.24), infants who 

lived with other children (OR = 1.51, 95% CI = 1.08 ς 2.11), and infants who did not 

share a bedroom (OR = 1.73, 95% CI = 1.21 ς 2.49). 

4.5.1.3.1.2     Coughing 

There were no risk factors that affected the prevalence of coughing, at 4-months-old. 

4.5.1.3.1.3     No Symptoms 

Being asymptomatic was more likely amongst twins (OR = 3.31, 95% CI = 1.09 ς 10.05), 

ŀƴŘ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ infants (OR = 2.61, 95% CI = 1.28 ς 5.32). 

4.5.1.3.1.4     Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst infants: with a family history 

of atopy (OR = 1.70, 95% CI = 1.16 ς 2.50), males (OR = 1.63, 95% CI = 1.13 - 2.35), and 

infants with a co-morbidity (OR = 3.39, 95% CI = 1.90 - 6.05). Noisy breathing from the 

throat was also more likely amongst children with vocationally-educated mothers, 

compared to those with degree-educated mothers (OR = 1.58, 95% CI = 1.02 - 2.45). 

4.5.1.3.1.5     Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst: infants 

whose mothers smoked during pregnancy (OR = 1.88, 95% CI = 1.09 - 3.24), infants 

who lived with other children (OR = 1.51, 95% CI = 1.08 ς 2.11), infants who did not 

share a bedroom (OR = 1.73, 95% CI = 1.21 ς 2.49), and males (OR = 1.71, 95%               

CI = 1.21 - 2.41).  

4.5.1.3.1.6     Rattly Chest 

Rattly chests were more likely amongst infants with a co-morbidity (OR = 2.42, 95%     

CI = 1.37 ς 4.28), and Caucasian infants (OR = 2.29, 95% CI = 1.17 ς 4.49). Rattly chests 

were also more likely amongst infants with school or vocationally-educated mothers, 

compared to those with degree-educated mothers (respectively: OR = 1.95, 95%                  

CI = 1.32 ς 2.89 and OR = 1.64, 95% CI = 1.08 - 2.47). 
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4.5.1.3.1.7      Shortness of Breath 

SOB was more likely amongst infants who: had a co-morbidity (OR = 4.24, 95% CI = 

2.28 ς 7.87), were not breastfed (OR = 1.72, 95% CI = 1.09 ς 2.70), or did not share a 

bedroom (OR = 1.77, 95% CI = 1.12 ς 2.80). It was also more prevalent amongst males              

(OR = 1.60, 95% CI = 1.02 ς 2.51). SOB was also more likely amongst infants with 

school-educated mothers, compared to those with vocationally (OR = 1.99, 95%                 

CI = 1.08 - 3.67) or degree-educated mothers (OR = 1.86, 95% CI = 1.12 - 3.07). Infants 

with SOB, were more likely to be deprived too ς since infants became 1.14 times less 

likely to have SOB for every increase in IMD decile (OR = 1.14, 95% CI = 1.02 - 1.28). 

4.5.1.3.1.8     Snoring 

Snoring was more likely amongst males (OR = 1.64, 95% CI = 1.20 ς 2.25), and 

Caucasians (OR = 2.00, 95% CI = 1.19 ς 3.35). Snoring was also more likely amongst 

infants who were breastfed for 1-4 months, compared to those who were breastfed 

for more than 4 months (OR = 2.31, 95% CI = 1.34 - 3.98). 

4.5.1.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst infants with a co-morbidity (OR = 2.35, 95%                

CI = 1.30 ς 4.25), Caucasian infants (OR = 2.54, 95% CI = 1.14 ς 5.68), and premature 

infants (OR = 1.86, 95% CI = 1.09 - 3.15). Tachypnoea was also more likely amongst 

infants who were breastfed for 1-4 months, compared to those who were breastfed 

for more than 4 months (OR = 2.06, 95% CI = 1.17 - 3.63). 

4.5.1.3.1.10       Wheezing 

Wheezing was more likely amongst infants who were not breastfed (OR = 1.91,              

95% CI = 1.34 ς 2.71), and Caucasian infants (OR = 1.95, 95% CI = 1.00 ς 3.80). 

Wheezing was also more likely amongst infants who were born to mothers aged less 

than 25 to 34-years-old, compared to those born to mothers aged more than                    

35-years-old (OR = 1.65, 95% CI = 1.02 - 2.66). Infants who wheezed, were more likely 

to be deprived too ς since infants became 1.12 times less likely to wheeze for every 

increase in IMD decile (OR = 1.12, 95% CI = 1.04 - 1.22). 
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4.5.1.4   Healthcare Service Usage 

At 4-months-old, 15.7% (n = 105) of infants were taken to their GP for a respiratory 

problem. Of these infants: 54.3% (n = 57) visited once, 27.6% (n = 29) visited twice, 

11.4% (n = 12) visited thrice, 3.8% (n = 4) visited four times, 1.0% (n = 1) visited five 

times and 1.9% (n = 2) visited more than five times. 6.1% (n = 41) of infants were taken 

to hospital for a respiratory problem. 65.9% (n = 27) of these infants visited once, 

19.5% (n = 8) visited twice, 7.3% (n = 3) visited thrice, 2.4% (n = 1) visited four times 

and 4.9% (n = 2) visited five times. Figure 29 presents GP and hospital attendance rates 

graphically. 

 

Figure 29: GP and hospital attendance rates at 4-months-old 

4.5.1.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.1.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst: infants who lived 

with other children (OR = 2.53, 95% CI = 1.68 - 3.82), infants who attended nursery   

(OR = 2.67, 95% CI = 1.17 - 6.13), and infants who shared a bedroom (OR = 1.76, 95%    

CI = 1.08 - 2.84). They were also more likely amongst: infants who were not breastfed 

(OR = 1.98, 95% CI = 1.31 - 2.99), infants with a co-morbidity (OR = 2.25, 95%                   

CI = 1.2 - 4.23), and infants whose mother was exposed to ETS during pregnancy              

(OR = 1.98, 95% CI = 1.26 - 3.09).  

GP visits were more likely amongst infants with school or vocationally-educated 

mothers, compared to those with degree-educated mothers (respectively: OR = 2.37,                         
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95% CI = 1.46 - 3.84 and OR = 1.92, 95% CI = 1.15 - 3.21). Infants born to mothers aged 

25 to 34-years-old were also more likely to visit a GP, compared to those born to 

mothers aged more than 35-years-old (OR = 2.01, 95% CI = 1.08 - 3.71). Infants who 

visited a GP, were more likely to be deprived too ς since infants became 1.12 times 

less likely to visit a GP for every increase in IMD decile (OR = 1.12, 95% CI = 1.02 - 1.24). 

4.5.1.4.1.2     Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst: males           

(OR = 2.09, 95% CI = 1.12 - 3.91), twins (OR = 3.57, 95% CI = 1.08 - 11.82), and 

premature infants (OR = 2.97, 95% CI = 1.45 - 6.10). Visits to a hospital were also more 

likely amongst: infants who were not breastfed (OR = 3.32, 95% CI = 1.81 - 6.10), 

infants who lived with other children (OR = 3.81, 95% CI  = 2.02 - 7.17), and infants 

with a co-morbidity (OR = 3.05, 95% CI = 1.37 - 6.77). Infants born to mothers aged 25 

to 34-years-old were more likely to visit a hospital too, compared to those born to 

mothers aged more than 35-years-old (OR = 2.81, 95% CI = 1.03 - 7.69). 

4.5.1.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 4-months-old, there was a moderate correlation between total LRSQ score and GP 

attendance rate (rs = 0.463, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.300, p = <0.001). These results suggest 

the infants with the most severe respiratory disease, are not necessarily the ones who 

are more likely to seek medical assistance. Figures 30 and 31 show the correlations 

graphically. 

 

Figure 30: correlation between total LRSQ score and GP attendance rate at 4-months-old 
Figure 31: correlation between total LRSQ score and hospital attendance rate at 4-months-old 
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4.5.2 Questionnaire 2: 10-Months-Old 

4.5.2.1   Exposure to Risk Factors 

4.5.2.1.1    Nursery Attendance 

At 10-months-old, 27.2% (n = 101) of infants attended nursery.  

4.5.2.1.2    Other Household Children 

43.0% (n = 160) of infants lived with at least one other child at 10-months-old. 75.6% 

(n = 121) lived with only one other, 21.3% (n = 34) lived with two others, 2.5% (n = 4) 

lived with three others, and 0.6% (n = 1) lived with four others.  

4.5.2.1.3    Bedroom Sharing 

At 10-months-old, 38.7% (n = 144) of infants shared a bedroom. 79.2% (n = 114) 

shared with their parent(s), 16.7% (n = 24) shared with one other child, 1.4% (n = 2) 

shared with more than one other child, and 2.8% (n = 4) shared with someone else.  

4.5.2.1.4    ETS Exposure 

17.5% (n = 65) of infants were exposed to ETS at 10-months-old. 4.6% (n = 3) were 

exposed to ETS from inside the home, 95.4% (n = 62) were exposed to ETS from 

outside of the home, 3.1% (n = 2) were exposed to ETS from inside the car, 1.5% (n = 1) 

were exposed to ETS from within another location (e.g. work), and 3.1% (n = 2) were 

exposed to ETS from elsewhere. 

At 10-months-old, the prevalence of ETS exposure amongst infants in the LBBS was not 

significantly different to the prevalence of smoking in England in 2014/15 ό2̝ = 0.004,  

p = 0.95, df = 1). However, it was lower than prevalence of smoking in Liverpool in 

2014/15 ό2̝ = 6.31, p = 0.01, df = 1).  
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4.5.2.1.5    Family History of Atopy 

At 10-months-old, 54.3% (n = 202) 

of infants had a family history of 

atopy. 

From those with a family history of 

atopy: 52.5% (n = 106) had an 

atopic mother, 50.5% (n = 102) had 

an atopic father, and 30.7%             

(n = 62) had at least one atopic 

sibling. There was a family history 

of: asthma in 50.0% (n = 101) of 

these infants, hay fever in 58.4%  

(n = 118), and eczema in 48.5%            

(n = 98). Figure 32 shows how 

familial atopy was inter-related at             

10-months-old. 

 

 

4.5.2.1.6    Co-Morbidities 

8.3% (n = 31) of infants had a co-morbid disease at 10-months-old. The gastrointestinal 

system was the most common co-morbid system at this age, whilst eczema was the 

most common co-morbidity overall. Table 19 shows the co-morbidities seen at                 

10-months-old ς as reported by parents, and grouped according to organ system. 

 

Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 7) 

Asthma 3 

Bronchomalacia 1 

ά/ƘǊƻƴƛŎ [ǳƴƎ 5ƛǎŜŀǎŜέ 1 

ά/ƻƴǎǘŀƴǘ ²ƘŜŜȊŜέ 1 

Laryngomalacia 1 

ά{ŎŀǊǊƛƴƎ ƻŦ [ǳƴƎ ¢ƛǎǎǳŜέ 1 

Cardiac 
(n = 2) 

Congenital Heart Disease 2 

Figure 32: infants with a family history of atopy, by relative(s) and disease(s), at 10-months-old   
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Renal 
(n = 2) 

Hydronephrosis 1 

Vesicoureteral Reflux 1 

Neurological 
(n = 1) 

Hypotonia 1 

Gastrointestinal 
(n = 4) 

Gastro-Oesophageal Reflux 2 

Imperforate Anus 1 

Umbilical Hernia 1 

Other 
(n = 16) 

Eczema 10 

Food Allergy 3 

Blood Clotting Disorder 2 

Developmental Dysplasia of Hips 1 
Table 19: co-morbidities of the LBBS cohort at 10-months-old 

4.5.2.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 10-months-old are shown in Table 20. The distribution of scores are 

shown graphically in Figure 33. 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 4 9 19 114 13.58 14.88 

Domain 1 0 0 1 3 15 1.90 2.34 

Domain 2 0 1 2 4 18 2.55 2.56 

Domain 3 0 2 3 6 20 4.17 3.63 

Domain 4 0 0 0 1 12 0.69 1.55 

Domain 5 0 0 0 0 15 0.58 1.61 

Domain 6 0 0 0 1 9 0.75 1.50 

Domain 7 0 0 0 2 13 1.39 2.19 

Domain 8 0 0 0 2 14 1.56 2.61 
Table 20: descriptive statistics of the total and domain LRSQ scores at 10-months-old 
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Figure 33: distribution of total and domain LRSQ scores at 10-months-old 

4.5.2.2.1    Impact of Risk Factor Exposure on Total LRSQ Score 

Total LRSQ scores were higher amongst infants who attended nursery (U = 16447,              

p = <0.001) or had a co-morbidity (U = 6569, p = 0.004). They were also higher amongst 

males (U = 24289, p = 0.002) and Caucasians (U = 5532, p = 0.010). 

There were differences in total LRSQ score between the different levels of maternal 

education (H = 7.57, p = 0.023, df = 2) and maternal age (H = 14.01, p = <0.001, df = 2). 

Post-hoc analysis revealed that infants with school-educated mothers scored higher, 

compared to those with degree (p = 0.045) or vocationally-educated mothers                    

όǇ Ґ лΦллуύΦ Lǘ ŀƭǎƻ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ƛƴŦŀƴǘǎ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored 

lower, than those born to mothers under 25-years-old (p = 0.002) or aged 25 to                   

34-years-old (p = 0.002).  
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4.5.2.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.2.2.2.1     Domain 1 

Domain 1 scores were higher amongst Caucasian infants (U = 5946, p = 0.035), and 

those with a co-morbidity (U = 7097, p = 0.020). They were also higher amongst infants 

who attended nursery (U = 16329, p = <0.001). 

There were differences in domain 1 score between the different levels of maternal 

education (H = 11.02, p = 0.004, df = 2) and maternal age (H = 15.40, p = <0.001,                  

df = 2). Post-hoc analysis revealed that infants with school-educated mothers scored 

higher, compared to those with degree (p = 0.036) or vocationally-educated mothers 

(p = 0.001). It also revealed that iƴŦŀƴǘǎ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored 

lower than those born to mothers under 25-years-old (p = 0.008), or aged 25 to                  

34-years-old (p = <0.001).  

4.5.2.2.2.2     Domain 2 

Domain 2 scores were higher amongst infants who: attended nursery (U = 17069,                  

p = <0.001), lived with other children (U = 25380, p = 0.037), or had a co-morbidity            

(U = 6662, p = 0.005). They were also higher amongst males (U = 23471, p = <0.001). 

4.5.2.2.2.3     Domain 3 

Domain 3 scores were higher amongst infants with a family history of atopy                             

(U = 25425, p = 0.034) or a co-morbidity (U = 7209, p = 0.032). They were also higher 

amongst males (U = 25494, p = 0.024) and nursery attenders (U = 16208, p = <0.001). 

There were differences in domain 3 score between the different levels of maternal 

education (H = 6.25, p = 0.044, df = 2) and maternal age (H = 14.55, p = 0.001, df = 2). 

Post-hoc analysis revealed that infants with school-educated mothers scored higher 

than those with vocationally-educated mothers (p = 0.014). It also revealed that 

ƛƴŦŀƴǘǎ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored lower, compared to those born to 

mothers under 25-years-old (p = 0.001) or aged 25 to 34-years-old (p = 0.004).  

4.5.2.2.2.4     Domain 4 

Domain 4 scores were higher amongst infants who: had a co-morbidity (U = 5963,             

p = <0.001), were not breastfed (U = 20249, p = 0.005), were exposed to ETS                   
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(U = 15280, p = 0.025), or attended nursery (U = 19640, p = 0.005). They were also 

higher amongst Caucasians (U = 6124, p = 0.026). 

There were differences in domain 4 score between the different levels of maternal 

education (H = 15.97, p = <0.001, df = 2) and maternal age (H = 8.67, p = 0.013, df = 2). 

Post-hoc analysis revealed that infants with school-educated mothers scored higher, 

compared to those with degree (p = 0.002) or vocationally-educated mothers                    

όǇ Ґ ғлΦллмύΦ Lǘ ŀƭǎƻ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ƛƴŦŀƴǘǎ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored 

lower than those born to mothers aged 25 to 34-years-old (p = 0.005).  

4.5.2.2.2.5     Domain 5 

Domain 5 scores were higher amongst infants who were male (U = 24737, p = <0.001) 

or Caucasian (U = 6346, p = 0.035). They were also higher amongst those with a                 

co-morbidity (U = 6857, p = <0.001).  

There were differences in domain 5 score between the different levels of maternal 

education (H = 17.04, p = <0.001, df = 2). Post-hoc analysis revealed that infants with 

degree-educated mothers scored lower, compared to those with school (p = <0.001) or 

vocationally-educated mothers (p = <0.001). 

4.5.2.2.2.6     Domain 6 

Domain 6 scores were higher amongst infants who attended nursery (U = 19879,              

p = 0.012) or had a co-morbidity (U = 5190, p = <0.001). 

4.5.2.2.2.7    Domain 7 

Domain 7 scores were higher amongst infants who: attended nursery (U = 18379,                 

p = <0.001), had a co-morbidity (U = 6666, p = 0.002), or lived with other children              

(U = 24718, p = 0.006). They were also higher amongst Caucasians (U = 5652,                  

p = 0.007) and males (U = 26071, p = 0.040). 

There were differences in domain 7 score between the different levels of maternal 

education (H = 11.71, p = 0.003, df = 2) and maternal age (H = 7.29, p = 0.026, df = 2). 

Post-hoc analysis revealed that infants with school-educated mothers scored higher 

than those with vocationally (p = <0.001) or degree-educated mothers (p = 0.002). It 

ŀƭǎƻ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ƛƴŦŀƴǘǎ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored lower, compared 
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to infants born to mothers under 25-years-old (p = 0.039) or aged 25 to 34-years-old  

(p = 0.018). 

4.5.2.2.2.8    Domain 8 

Domain 8 scores were higher amongst infants who were: Caucasian (U = 5313,                  

Ǉ Ґ лΦллнύΣ ƳŀƭŜ ό¦ Ґ нррнсΣ Ǉ Ґ лΦлмпύΣ ōƻǊƴ ŀǘ ŀ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ό¦ Ґ српоΣ                          

p = 0.043), or born prematurely (U = 9264, p = 0.027). They were also higher amongst 

infants who attended nursery (U = 18703, p = 0.001) or had a co-morbidity (U = 7218,     

p = 0.019). 

There were differences in domain 8 score between the different levels of maternal 

education (H = 16.19, p = <0.001, df = 2). Post-hoc analysis revealed that infants with 

degree-educated mothers scored lower, compared to those with school (p = 0.002) or 

vocationally-educated mothers (p = <0.001). 

4.5.2.2.3    Total LRSQ Score vs Total QoL Score 

¢ƘŜǊŜ ǿŀǎ ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀƴ ƛƴŦŀƴǘΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ 

total QoL score (rs = 0.835, p = <0.001). Figure 34 shows the correlation graphically. A 

higher total LRSQ score is more strongly correlated with a poor QoL for parents, than 

with a poor QoL for infants (rs = 0.817, p = <0.001 vs rs = 0.796, p = <0.001). Infants 

who regularly suffer with respiratory symptoms, and their parents, therefore 

experience a worse QoL. 

 

Figure 34: correlation between total LRSQ score and total QoL score at 10-months-old 
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4.5.2.3   Symptom Prevalence 

93.0% (n = 346) of infants experienced at least one type of respiratory symptom at    

10-months-old. A cold was the most common symptom, as it was experienced by 

урΦу҈ όƴ Ґ омфύ ƻŦ ƛƴŦŀƴǘǎΤ ƴƻƛǎȅ ōǊŜŀǘƘƛƴƎ ǘƘŀǘ ŘƛŘƴΩǘ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ŎƘŜǎǘ ǿŀǎ ǘƘŜ 

least common symptom, as it was experienced by 16.4% (n = 61) of infants. Figure 35 

demonstrates the prevalence of individual symptoms. 

 

Figure 35: prevalence of respiratory symptoms at 10-months-old 

4.5.2.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.2.3.1.1     Colds 

Colds were more likely amongst infants who attended nursery (OR = 2.36, 95%                     

CI = 1.09 ς 5.12), or had a family history of atopy (OR = 2.08, 95% CI = 1.17 - 3.71). 

Colds were also more likely amongst infants who were born to mothers aged 25 to          

34-years-old, compared to those born to mothers aged more than 35-years-old                

(OR = 2.03, 95% CI = 1.08 - 3.81). 

4.5.2.3.1.2     Coughing 

Coughing was more likely amongst males (OR = 1.76, 95% CI = 1.07 ς 2.90), and infants 

who attended nursery (OR = 1.93, 95% CI = 1.04 ς 3.58). 
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4.5.2.3.1.3     No Symptoms 

There were no risk factors that affected the prevalence of asymptomatic infants, at    

10-months-old.  

4.5.2.3.1.4     Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst: males (OR = 1.73, 95%              

CI = 1.02 ς 2.93), infants with a co-morbidity (OR = 4.37, 95% CI = 2.07 ς 9.25), and 

infants who attended nursery (OR = 2.57, 95% CI = 1.50 ς 4.40). Noisy breathing from 

the throat was also more likely amongst infants who were breastfed for less than 1 

month, compared to those who were breastfed for 1-4 months (OR = 3.50, 95%                   

CI = 1.08 - 11.27). 

4.5.2.3.1.5     Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst infants with 

a co-morbidity (OR = 2.57, 95% CI = 1.16 - 5.64). 

4.5.2.3.1.6     Rattly Chest 

Rattly chests were more likely amongst infants who attended nursery (OR = 2.39, 95% 

CI = 1.04 ς 3.83), and Caucasian infants (OR = 3.03, 95% CI = 1.14 ς 8.08). Rattly chests 

were more likely amongst infants with school-educated mothers, compared to those 

with degree (OR = 1.82, 95% CI = 1.12 - 2.96) or vocationally-educated mothers                     

(OR = 3.08, 95% CI = 1.66 - 5.72). Infants born to mothers aged less than 25-years-old 

were also more likely to snore, compared to those born to mothers aged more than 

35-years-old (OR = 2.64, 95% CI = 1.07 - 6.52). 

4.5.2.3.1.7     Shortness of Breath 

SOB was more likely amongst infants who were not breastfed (OR = 1.81, 95%                       

CI = 1.06 ς 3.09), and infants with a co-morbidity (OR = 2.62, 95% CI = 1.21 ς 5.65). SOB 

was more likely amongst infants with school-educated mothers, compared to those 

with degree-educated mothers (OR = 2.13, 95% CI = 1.18 - 3.78). Infants born to 

mothers aged 25 to 34-years-old were also more likely to snore, compared to those 

born to mothers aged more than 35-years-old (OR = 2.23, 95% CI = 1.11 - 4.47). SOB 

was more likely amongst infants who were breastfed for 1-4 months, compared to 

those who were breastfed for less than 1 month (OR = 2.51, 95% CI = 1.01 - 6.22). 
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4.5.2.3.1.8     Snoring 

Snoring was more likely amongst males (OR = 1.75, 95% CI = 1.15 ς 2.68), and infants 

with a co-morbidity (OR = 3.22, 95% CI = 1.24 ς 8.37). 

4.5.2.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst infants with a co-morbidity (OR = 4.08, 95%               

CI = 1.91 ς 8.71). 

4.5.2.3.1.10       Wheezing 

Wheezing was more likely amongst infants with a co-morbidity (OR = 2.67,                       

95% CI = 1.28 ς 5.55), and Caucasian infants (OR = 3.53, 95% CI = 1.12 - 11.15). 

Wheezing was more likely amongst infants with school-educated mothers, compared 

to those with vocationally (OR = 2.16, 95% CI = 1.17 - 4.00) or degree-educated 

mothers (OR = 2.06, 95% CI = 1.25 - 3.40). Infants born to mothers aged less than       

25-years-old or 25 to 34-years-old were also more likely to wheeze, compared to those 

born to mothers aged more than 35-years-old (respectively: OR = 4.36, 95%                            

CI = 1.72 - 11.06 and OR = 2.15, 95% CI = 1.23 - 3.76). 

4.5.2.4   Healthcare Service Usage 

At 10-months-old, 29.3% (n = 109) of infants were taken to their GP for a respiratory 

problem. Of these infants: 56.0% (n = 61) visited once, 22.0% (n = 24) visited twice, 

10.1% (n = 11) visited thrice, 3.7% (n = 4) visited four times, 0.9% (n = 1) visited five 

times and 7.3% (n = 8) visited more than five times. 8.9% (n = 33) were taken to 

hospital for a respiratory problem. 60.6% (n = 20) of these infants visited once, 27.3% 

(n = 9) visited twice, 6.1% (n = 2) visited thrice, and 6.1% (n = 2) visited more than five 

times. Figure 36 presents GP and hospital attendance rates graphically. 
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Figure 36: GP and hospital attendance rates at 10-months-old 

4.5.2.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.2.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst: premature infants 

(OR = 2.84, 95% CI = 1.16 - 6.94), infants with a family history of atopy (OR = 1.74, 95% 

CI = 1.10 - 2.76)Σ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ƛƴŦŀƴǘǎ (OR = 2.26, 95% CI = 1.04 - 4.91), infants who 

attended nursery (OR = 2.15, 95% CI  = 1.33 - 3.49), and infants who were not 

breastfed (OR = 1.73, 95% CI = 1.07 - 2.79). GP visitation was more likely amongst 

infants with school-educated mothers, compared to those with degree (OR = 1.85, 95% 

CI = 1.11 - 3.09) or vocationally-educated mothers (OR = 2.13, 95% CI = 1.12 - 4.06). 

Infants born to mothers aged less than 25-years-old (OR = 2.63, 95% CI = 1.02 - 6.78) or 

25 to 34-years-old (OR = 1.87, 95% CI = 1.06 - 3.32) were also more likely to visit a GP, 

compared to those born to mothers aged more than 35-years-old. 

4.5.2.4.1.2     Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst: infants with a 

co-morbidity (OR = 2.72, 95% CI = 1.04 - 7.12), premature infants (OR = 2.84, 95%         

CI = 1.16 - 6.94), and Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ƛƴŦŀƴǘǎ (OR = 3.10, 95% CI = 1.12 - 8.10). Visits 

to a hospital were also more likely amongst infants with school-educated mothers, 

compared to those with vocationally (OR = 2.89, 95% CI = 1.03 - 8.10) or                           

degree-educated mothers (OR = 2.98, 95% CI = 1.35 - 6.59). 
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4.5.2.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 10-months-old, there was a strong correlation between total LRSQ score and GP 

attendance rate (rs = 0.615, p = <0.001). There was a moderate correlation between 

total LRSQ score and hospital attendance rate (rs = 0.401, p = <0.001). These results 

suggest the infants with the most severe respiratory disease, are slightly more likely to 

seek medical assistance from a GP, but not necessarily from the hospital. Figures 37 

and 38 show the correlations graphically. 

 

Figure 37: correlation between total LRSQ score and GP attendance rate at 10-months-old 
Figure 38: correlation between total LRSQ score and hospital attendance rate at 10-months-old 

 

 

4.5.3 Questionnaire 3: 16-Months-Old 

4.5.3.1   Exposure to Risk Factors 

4.5.3.1.1    Nursery Attendance 

At 16-months-old, 51.8% (n = 141) of infants attended nursery.  

4.5.3.1.2    Other Household Children 

45.6% (n = 124) of infants lived with at least one other child at 16-months-old. A 

technical error with the online questionnaires meant that the number of other 

ƘƻǳǎŜƘƻƭŘ ŎƘƛƭŘǊŜƴ ŎƻǳƭŘƴΩǘ ōŜ ǊŜǇƻǊǘŜŘ. 

4.5.3.1.3    Bedroom Sharing 

At 16-months-old, 33.1% (n = 90) of infants shared a bedroom.  71.1% (n = 64) shared 

with their parent(s), 23.3% (n = 21) shared with one other child, 2.2% (n = 2) shared 

with more than one other child, and 4.4% (n = 4) shared with someone else.  
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4.5.3.1.4    ETS Exposure 

13.6% (n = 37) of infants were exposed to ETS at 16-months-old. 5.4% (n = 2) were 

exposed to ETS from inside the home, 83.8% (n = 31) were exposed to ETS from 

outside of the home, 2.7% (n = 1) were exposed to ETS from inside the car, 5.4% (n = 2) 

were exposed to ETS from within another location (e.g. work), and 10.8% (n = 4) were 

exposed to ETS from elsewhere. 

At 16-months-old, the prevalence of ETS exposure amongst infants in the LBBS was not 

significantly different to the prevalence of smoking in England in 2014/15 ό2̝ = 2.66,              

p = 0.10, df = 1). However, it was lower than the prevalence of smoking in Liverpool in 

2014/15 ό2̝ = 13.43, p = <0.001, df = 1). 

4.5.3.1.5    Family History of Atopy 

At 16-months-old, 56.6% (n = 154) 

of infants had a family history of 

atopy. 

From those with a family history of 

atopy: 60.4% (n = 93) had an 

atopic mother, 46.1% (n = 71) had 

an atopic father, and 33.1%                 

(n = 51) had at least one atopic 

sibling. There was a family history 

of: asthma in 52.6% (n = 81) of 

these infants, hay fever in 59.1%   

(n = 91), and eczema in 50.0%        

(n = 77). Figure 39 shows how 

familial atopy was inter-related at             

16-months-old. 

 

 

4.5.3.1.6    Co-Morbidities 

7.4% (n = 20) of infants had a co-morbid disease at 16-months-old. The respiratory 

system was the most common co-morbid system at this age, whilst eczema was the 

Figure 39: infants with a family history of atopy, by relative(s) and disease(s), at 16-months-old   
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most common co-morbidity overall. Table 21 shows the co-morbidities seen at                   

16-months-old ς as reported by parents, and grouped according to organ system. 

Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 2) 

Asthma 1 

ά/ƘǊƻƴƛŎ [ǳƴƎ 5ƛǎŜŀǎŜέ 1 

ά/ƻƴǎǘŀƴǘ ²ƘŜŜȊŜέ 1 

Cardiac 
(n = 4) 

Congenital Heart Disease 4 

Renal 
(n = 1) 

Vesicoureteral Reflux 1 

Other 
(n = 12) 

Eczema 9 

Food Allergy 2 

Club Foot (Talipes Equinovarus) 1 

Developmental Dysplasia of Hips 1 
Table 21: co-morbidities of the LBBS cohort at 16-months-old 

 

4.5.3.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 16-months-old are shown in Table 22. The distribution of scores are 

shown graphically in Figure 40. 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 4 10 21 92 15.40 16.43 

Domain 1 0 0 1 3 12 2.16 2.44 

Domain 2 0 1 2 4 16 2.81 2.80 

Domain 3 0 2 4 7 19 4.73 3.85 

Domain 4 0 0 0 1 12 0.93 1.97 

Domain 5 0 0 0 0 12 0.75 1.90 

Domain 6 0 0 0 1 10 0.75 1.60 

Domain 7 0 0 0 2 12 1.49 2.28 

Domain 8 0 0 0 3 13 1.80 2.76 
Table 22: descriptive statistics of the total and domain LRSQ scores at 16-months-old 
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Figure 40: distribution of total and domain LRSQ scores at 16-months-old 

4.5.3.2.1    Impact of Risk Factor Exposure on Total LRSQ Score 

Total LRSQ scores were higher amongst infants who were male (U = 11873, p = 0.003) 

or born prematurely (U = 4535, p = 0.033). They were also higher amongst those who 

attended nursery (U = 9447, p = <0.001). 

There were differences in total LRSQ score between the different levels of deprivation 

(H = 15.20, p = 0.004, df = 4). Post-hoc analysis revealed that infants living in the 

second-most deprived IMD quintile scored lower, compared to those living in the 

most-deprived (p = 0.036), third-most deprived (p = 0.005), least-deprived (p = 0.005), 

and second-least deprived (p = 0.005) quintiles. Infants living in the most-deprived IMD 

quintile scored lower than those living in the least-deprived quintile (p = 0.038). 
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4.5.3.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.3.2.2.1     Domain 1 

Domain 1 scores were higher amongst infants who attended nursery (U = 10558,           

p = <0.001) and who were not exposed to ETS (U = 5818, p = 0.050). They were also 

higher amongst males (U = 12159, p = 0.008). 

There were differences in domain 1 score between the different levels of deprivation 

(H = 19.00, p = 0.001, df = 4). Post-hoc analysis revealed that infants living in the 

second-most deprived IMD quintile scored lower, compared to those living in the 

most-deprived (p = 0.006), third-most deprived (p = 0.001), least-deprived (p = 0.002), 

and second-least deprived (p = 0.001) quintiles. Infants living in the most-deprived IMD 

quintile scored lower than those living in the least-deprived quintile (p = 0.031). 

4.5.3.2.2.2     Domain 2 

Domain 2 scores were higher amongst infants who were: born prematurely (U = 4289, 

p = 0.009) or male (U = 12674, p = 0.039). They were also higher amongst nursery 

attenders (U = 9993, p = <0.001). 

4.5.3.2.2.3     Domain 3 

Domain 3 scores were higher amongst infants who were male (U = 11874, p = 0.003) or 

born prematurely (U = 4488, p = 0.026). They were also higher amongst those who 

attended nursery (U = 9212, p = <0.001), and who were not exposed to ETS (U = 5725, 

p = 0.038). 

There were differences in domain 3 score between the different levels of deprivation 

(H = 20.60, p = <0.001, df = 4). Post-hoc analysis revealed that infants living in the 

second-most deprived IMD quintile scored lower, compared to those living in the 

third-most deprived (p = 0.001), least-deprived (p = 0.021), and second-least deprived 

(p = 0.001) quintiles. Infants living in the most-deprived IMD quintile scored lower than 

those living in the third-most deprived (p = 0.007) and second-least deprived quintiles 

(p = 0.007). 

4.5.3.2.2.4     Domain 4 

Domain 4 scores were higher amongst infants who: had a family history of atopy                 

(U = 12582, p = 0.025), attended nursery (U = 12101, p = 0.001) or were born 



108 
 

prematurely (U = 4805, p = 0.042). They were also higher amongst those whose 

mothers were not exposed to ETS during pregnancy (U = 5476, p = 0.010). 

There were differences in domain 4 score between the different levels of deprivation 

(H = 10.76, p = 0.029, df = 4) and maternal age (H = 7.08, p = 0.029, df = 2). Post-hoc 

analysis revealed that infants living in the least-deprived IMD quintile scored higher, 

compared to those living in the most-deprived (p = 0.005), second-most deprived                  

(p = 0.002), third-most deprived (p = 0.016) and second-least deprived (p = 0.007) 

ǉǳƛƴǘƛƭŜǎΦ Lǘ ŀƭǎƻ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ƛƴŦŀƴǘǎ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored 

lower than infants born to mothers aged 25 to 34-years-old (p = 0.020). 

4.5.3.2.2.5     Domain 5 

Domain 5 scores were higher amongst infants who: had a family history of atopy                

(U = 12744, p = 0.028), had a co-morbidity (U = 3220, p = 0.041), were not breastfed  

(U = 8569, p = 0.020), or lived with other children (U = 12760, p = 0.014). They were 

also higher amongst males (U = 12303, p = 0.001), and those whose mothers were not 

exposed to ETS during pregnancy (U = 5492, p = 0.006).  

There were differences in domain 5 score amongst breastfed infants, depending on 

how long they were breastfed for (H = 6.77, p = 0.034, df = 2). Post-hoc analysis 

revealed that infants who were breastfed for less than 1 month scored higher than 

those who were breastfed for more than 4 months (p = 0.009). 

4.5.3.2.2.6     Domain 6 

Domain 6 scores were higher amongst infants who wore born prematurely (U = 4301, 

p = 0.002) or attended nursery (U = 11962, p = 0.001). 

There were differences in domain 6 score between the different levels of deprivation 

(H = 10.13, p = 0.038, df = 4). Post-hoc analysis revealed that infants living in the            

least-deprived IMD quintile scored higher, compared to those living in the                   

most-deprived (p = 0.039), second-most deprived (p = 0.027), and second-least 

deprived (p = 0.019) quintiles. Infants living in the third-most deprived IMD quintile 

scored lower than those living in the second-least deprived quintile (p = 0.032). There 

were differences in domain 6 score amongst breastfed infants, depending on how long 

they were breastfed for (H = 6.90, p = 0.032, df = 2). Post-hoc analysis revealed that 
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infants who were breastfed for less than 1 month scored higher, compared to those 

who were breastfed for more than 4 months (p = 0.013) or for 1-4 months (p = 0.045). 

4.5.3.2.2.7     Domain 7 

Domain 7 scores were higher amongst infants whose mothers were not exposed to ETS 

during pregnancy (U = 5440, p = 0.019), as well as males (U = 12084,    p = 0.004). They 

were also higher amongst infants who attended nursery (U = 11380, p = <0.001) or 

lived with other children (U = 11945, p = 0.003).  

4.5.3.2.2.8     Domain 8 

Domain 8 scores were higher amongst infants who: lived with other children                      

(U = 11616, p = 0.001), attended nursery (U = 11482, p = <0.001), or were born 

prematurely (U = 4669, p = 0.041). They were also higher amongst males (U = 12128,              

p = 0.005), and those whose mothers were not exposed to ETS during pregnancy             

(U = 5152, p = 0.005). 

4.5.3.2.3    Total LRSQ Score vs Total QoL Score 

There was a strong positive coǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀƴ ƛƴŦŀƴǘΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ 

total QoL score (rs = 0.858, p = <0.001). Figure 41 shows the correlation graphically. A 

higher total LRSQ score is more strongly correlated with a poor QoL for parents, than 

with a poor QoL for infants (rs = 0.832, p = <0.001 vs rs = 0.818, p = <0.001). Infants 

who regularly suffer with respiratory symptoms, and their parents, therefore 

experience a worse QoL.  
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Figure 41: correlation between total LRSQ score and total QoL score at 16-months-old 

4.5.3.3   Symptom Prevalence 

95.6% (n = 256) of infants experienced at least one type of respiratory symptom at   

16-months-old. A cold was the most common symptom, as it was experienced by 

91.2% (n = 248) of infants; noisy breathing from the throat was the least common 

symptom, as it was experienced by 16.5% (n = 45) of infants. Figure 42 demonstrates 

the prevalence of individual symptoms. 

 

Figure 42: prevalence of respiratory symptoms at 16-months-old 
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4.5.3.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.3.3.1.1     Colds 

Colds were more likely amongst infants without a co-morbidity (OR = 3.21, 95%                 

CI = 1.11 - 9.27). Colds were more likely amongst infants who were born to mothers 

aged more than 35-years-old, compared to those born to mothers aged 25 to 34-years-

old (OR = 3.59, 95% CI = 1.15 - 11.23). Infants with colds, were less likely to be deprived 

too ς since infants became 1.36 times less likely to cough for every increase in IMD 

decile (OR = 1.36, 95% CI = 1.05 - 1.76). 

4.5.3.3.1.2     Coughing 

Coughing was more likely amongst infants who attended nursery (OR = 3.83, 95%               

CI = 2.01 ς 7.33). Infants who coughed, were less likely to be deprived ς since infants 

became 1.19 times less likely to cough for every increase in IMD decile (OR = 1.19, 95% 

CI = 1.02 - 1.36). 

4.5.3.3.1.3     No Symptoms 

Being asymptomatic was more likely amongst those who had a co-morbidity                    

(OR = 5.16, 95% CI = 1.28 - 20.92). 

4.5.3.3.1.4     Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst infants who attended 

nursery (OR = 2.51, 95% CI = 1.25 ς 5.05), and premature infants (OR = 3.27, 95%                  

CI = 1.37 ς 7.81). Noisy breathing from the throat was also more likely amongst infants 

who were breastfed for less than 1 month, compared to those who were breastfed for 

1-4 months (OR = 4.10, 95% CI = 1.16 - 14.52) or for more than 4 months (OR = 2.69, 

95% CI = 1.18 - 6.15). 

4.5.3.3.1.5     Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst infants who 

attended nursery (OR = 2.75, 95% CI = 1.38 ς 5.51), and premature infants                     

(OR = 2.57, 95% CI = 1.06 - 6.21). 

4.5.3.3.1.6     Rattly Chest 

Rattly chests were more likely amongst males (OR = 1.78, 95% CI = 1.10 - 2.90), and 

those who attended nursery (OR = 2.43, 95% CI = 1.49 - 3.97). Rattly chests were also 
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more likely amongst infants who were born to mothers aged 25 to 34-years-old, 

compared to those born to mothers aged more than 35-years-old (OR = 2.10, 95%               

CI = 1.16 - 3.79). 

4.5.3.3.1.7      Shortness of Breath 

There were no risk factors that affected the prevalence of SOB, at 16-months-old. 

4.5.3.3.1.8     Snoring 

Snoring was more likely amongst infants who were exposed to ETS (OR = 2.88, 95%       

CI = 1.33 ς 6.20), premature infants (OR = 3.27, 95% CI = 1.28 ς 8.39), infants whose 

mother smoked during pregnancy (OR = 4.49, 95% CI = 1.41 ς 14.34), and infants who 

attended nursery (OR = 1.81, 95% CI = 1.11 ς 2.95). 

4.5.3.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst infants who attended nursery (OR = 2.02, 95%    

CI = 1.08 ς 3.78). 

4.5.3.3.1.10       Wheezing 

Wheezing was more likely amongst infants with school-educated mothers, compared 

to those with degree (OR = 1.95, 95% CI = 1.07 - 3.56) or vocationally-educated 

mothers (OR = 3.34, 95% CI = 1.48 - 7.51). Infants who were breastfed for less than 1 

month were also more likely to wheeze, compared to those who were breastfed for 

more than 4 months (OR = 2.27, 95% CI = 1.18 - 4.36). 

4.5.3.4   Healthcare Service Usage 

At 16-months-old, 33.5% (n = 91) of infants were taken to their GP for a respiratory 

problem. Of these infants: 53.8% (n = 49) visited once, 24.2% (n = 22) visited twice, 

15.4% (n = 14) visited thrice, 3.3% (n = 3) visited four times, 1.1% (n = 1) visited five 

times and 2.2% (n = 32) visited more than five times. 6.6% (n = 18) of infants were 

taken to hospital for a respiratory problem. 77.8% (n = 14) of these infants visited 

once, 11.1% (n = 2) visited twice, 5.6% (n = 1) visited thrice, and 5.6% (n = 1) visited 

four times. Figure 43 presents GP and hospital attendance rates graphically. 
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Figure 43: GP and hospital attendance rates at 16-months-old 

4.5.3.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.3.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst: infants with a family 

history of atopy (OR = 1.80, 95% CI = 1.07 - 3.04), infants who attended nursery                 

(OR = 2.71, 95% CI = 1.61 - 4.56), and males (OR = 2.29, 95% CI = 1.37 - 3.84). GP 

visitation was also more likely amongst infants with school-educated mothers, 

compared to those with degree (OR = 2.47, 95% CI = 1.35 - 4.53) or                         

vocationally-educated mothers (OR = 2.81, 95% CI = 1.30 - 6.07). 

4.5.3.4.1.2     Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst infants with 

school-educated mothers, compared to those with degree-educated mothers             

(OR = 3.37, 95% CI = 1.22 - 9.31). 

4.5.3.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 16-months-old, there was a strong correlation between total LRSQ score and GP 

attendance rate (rs = 0.700, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.326, p = <0.001). These results suggest 

the infants with the most severe respiratory disease, are slightly more likely to seek 

medical assistance from a GP, but not necessarily from the hospital. Figures 44 and 45 

show the correlations graphically. 
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Figure 44: correlation between total LRSQ score and GP attendance rate at 16-months-old 
Figure 45: correlation between total LRSQ score and hospital attendance rate at 16-months-old 

 

 

 

 

 

4.5.4 Questionnaire 4: 22-Months-Old 

4.5.4.1   Exposure to Risk Factors 

4.5.4.1.1    Nursery Attendance 

At 22-months-old, 56.9% (n = 144) of toddlers attended nursery.  

4.5.4.1.2    Other Household Children 

48.6% (n = 123) of toddlers lived with at least one other child at 22-months-old. A 

technical error with the online questionnaires meant that the number of other 

ƘƻǳǎŜƘƻƭŘ ŎƘƛƭŘǊŜƴ ŎƻǳƭŘƴΩǘ ōŜ ǊŜǇƻǊǘŜŘ. 

4.5.4.1.3    Bedroom Sharing 

At 22-months-old, 27.7% (n = 70) of toddlers shared a bedroom. 64.3% (n = 45) shared 

with their parent(s), 37.1% (n = 26) shared with one other child, 1.4% (n = 1) shared 

with more than one other child, and 2.9% (n = 2) shared with someone else.  

4.5.4.1.4    ETS Exposure 

15.4% (n = 39) of toddlers were exposed to ETS at 22-months-old. 5.1% (n = 2) were 

exposed to ETS from inside the home, 92.3% (n = 36) were exposed to ETS from 

outside of the home, 5.1% (n = 2) were exposed to ETS from inside the car, 5.1% (n = 2) 
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were exposed to ETS from within another location (e.g. work), and 5.1% (n = 2) were 

exposed to ETS from elsewhere. 

At 22-months-old, the prevalence of ETS exposure amongst toddlers in the LBBS was 

not significantly different to the prevalence of smoking in England in 2015/16               

ό2̝ = 0.11, p = 0.74, df = 1). However, it was lower than the prevalence of smoking in 

Liverpool in 2015/16 ό2̝ = 4.73, p = 0.03, df = 1). 

4.5.4.1.5    Family History of Atopy 

At 22-months-old, 53.0% (n = 134) 

of toddlers had a family history of 

atopy. 

From those with a family history of 

atopy: 60.4% (n = 81) had an 

atopic mother, 44.8% (n = 60) had 

an atopic father, and 30.6%            

(n = 41) had at least one atopic 

sibling. There was a family history 

of: asthma in 50.7% (n = 68) of 

these toddlers, hay fever in 51.5% 

(n = 69), and eczema in 53.7%        

(n = 72). Figure 46 shows how 

familial atopy was inter-related at             

22-months-old. 

 

 

 

4.5.4.1.6    Co-Morbidities 

13.8% (n = 35) of the toddlers had a co-morbid disease at 22-months-old. The 

respiratory system was the most common co-morbid system at this age, whilst eczema 

was the most common co-morbidity overall. Table 23 shows the co-morbidities seen at 

22-months-old ς as reported by parents, and grouped according to organ system. 

Figure 46: toddlers with a family history of atopy, by relative(s) and disease(s), at 22-months-old   
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Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 10) 

Asthma 6 

Viral-Induced Wheeze 2 

Bronchomalacia 1 

Laryngomalacia 1 

Cardiac 
(n = 3) 

Congenital Heart Disease 3 

Renal 
(n = 1) 

Vesicoureteral Reflux 1 

Neurological 
(n = 1) 

Hypotonia 1 

Other 
(n = 25) 

Eczema 17 

Allergies 3 

Club Foot (Talipes Equinovarus) 1 

Developmental Delay 1 

Developmental Dysplasia of Hips 1 

Tuberous Sclerosis 1 
Table 23: co-morbidities of the LBBS cohort at 22-months-old 

4.5.4.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 22-months-old are shown in Table 24. The distribution of scores are 

shown graphically in Figure 47. 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 4 8 20 86 14.23 15.53 

Domain 1 0 0 1 3 11 2.03 2.28 

Domain 2 0 1 2 4 13 2.91 2.70 

Domain 3 0 2 3 6 21 4.46 4.13 

Domain 4 0 0 0 1 11 0.70 1.59 

Domain 5 0 0 0 0.5 10 0.70 1.67 

Domain 6 0 0 0 0 9 0.56 1.36 

Domain 7 0 0 0 2 16 1.39 2.37 

Domain 8 0 0 0 3 16 1.49 2.54 
Table 24: descriptive statistics of the total and domain LRSQ scores at 22-months-old 
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Figure 47: distribution of total and domain LRSQ scores at 22-months-old 

4.5.4.2.1    Impact of Risk Factor Exposure on Total LRSQ Score 

Total LRSQ scores were higher amongst toddlers who had: no family history of atopy 

(U = 10366, p = 0.020), or no co-morbidities (U = 5149, p = 0.021). They were also 

higher amongst toddlers who attended nursery (U = 10500, p = 0.028). 

There were differences in total LRSQ score between the different levels of maternal 

education (H = 12.73, p = 0.002, df = 2). Post-hoc analysis revealed that toddlers with 

degree-educated mothers scored higher, compared to those with vocationally                    

(p = 0.006) or school-educated mothers (p = 0.004).  
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4.5.4.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.4.2.2.1     Domain 1 

Domain 1 scores were higher amongst those toddlers who attended nursery                         

(U = 10694, p = 0.045), or whose mothers were exposed to ETS during pregnancy                 

(U = 5352, p = 0.012). They were higher amongst those without a family history of 

atopy (U = 10428, p = 0.021). 

There were differences in domain 1 score between the different levels of maternal 

education (H = 11.11, p = 0.004, df = 2). Post-hoc analysis revealed that toddlers with 

degree-educated mothers scored higher, compared to those with vocationally                       

(p = 0.030) or school-educated mothers (p = 0.003).  

4.5.4.2.2.2     Domain 2 

Domain 2 scores were higher amongst toddlers who attended nursery (U = 9897,                   

p = 0.003), or were not breastfed (U = 7164, p = 0.037). 

There were differences in domain 2 score between the different levels of maternal 

education (H = 12.97, p = 0.002, df = 2). Post-hoc analysis revealed that toddlers with 

degree-educated mothers scored higher, compared to those with vocationally                    

(p = 0.040) or school-educated mothers (p = 0.001).  

4.5.4.2.2.3     Domain 3 

Domain 3 scores were higher amongst the toddlers who had no family history of atopy 

(U = 10478, p = 0.028), or no co-morbidities (U = 5018, p = 0.011). They were also 

higher amongst toddlers who attended nursery (U = 10467, p = 0.024). 

There were differences in domain 3 score between the different levels of maternal 

education (H = 10.85, p = 0.004, df = 2). Post-hoc analysis revealed that toddlers with 

degree-educated mothers scored higher, compared to those with vocationally                        

(p = 0.012) or school-educated mothers (p = 0.006).  

4.5.4.2.2.4     Domain 4 

Domain 4 scores were higher amongst non-Caucasian toddlers (U = 2262, p = 0.013) 

and those whose mothers were exposed to ETS during pregnancy (U = 5758,                           

p = 0.031). 
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There were differences in domain 4 score between the different levels of maternal 

education (H = 6.51, p = 0.039, df = 2). Post-hoc analysis revealed that toddlers with 

degree-educated mothers scored higher than those with vocationally-educated 

mothers (p = 0.012). 

4.5.4.2.2.5     Domain 5 

Domain 5 scores were higher amongst toddlers who did not live with other children                 

(U = 11028, p = 0.036), or attended nursery (U = 10832, p = 0.017). They were also 

higher amongst non-Caucasian toddlers (U = 1841, p = <0.001). 

There were differences in domain 5 score between the different levels of maternal 

education (H = 12.89, p = 0.002, df = 2). Post-hoc analysis revealed that toddlers with 

degree-educated mothers scored higher, compared to those with vocationally                       

(p = 0.012) or school-educated mothers (p = 0.002).  

4.5.4.2.2.6     Domain 6 

At 22-months-ƻƭŘΣ ǘƘŜǊŜ ǿŜǊŜ ƴƻ Ǌƛǎƪ ŦŀŎǘƻǊǎ ǘƘŀǘ ƛƳǇŀŎǘŜŘ ŀ ǘƻŘŘƭŜǊΩǎ ŘƻƳŀƛƴ с ǎŎƻǊŜΦ 

4.5.4.2.2.7     Domain 7 

There were differences in domain 7 score between the different levels of maternal 

education (H = 13.75, p = 0.001, df = 2). Post-hoc analysis revealed that toddlers with 

degree-educated mothers scored higher, compared to those with vocationally                      

(p = 0.001) or school-educated mothers (p = 0.018).  

4.5.4.2.2.8     Domain 8 

There were differences in domain 8 score between the different levels of maternal 

education (H = 10.34, p = 0.006, df = 2). Post-hoc analysis revealed that toddlers with 

degree-educated mothers scored higher than those with vocationally-educated 

mothers (p = 0.002). 

4.5.4.2.3    Total LRSQ Score vs Total QoL Score 

¢ƘŜǊŜ ǿŀǎ ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ ǘƻŘŘƭŜǊΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ 

total QoL score (rs = 0.847, p = <0.001). Figure 48 shows the correlation graphically. A 

higher total LRSQ score is more strongly correlated with a poor QoL for toddlers, than 

with a poor QoL for parents (rs = 0.812, p = <0.001 vs rs = 0.833, p = <0.001). Toddlers 
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who regularly suffer with respiratory symptoms, and their parents, therefore 

experience a worse QoL. 

 

Figure 48: correlation between total LRSQ score and total QoL score at 22-months-old 

 

4.5.4.3   Symptom Prevalence 

93.7% (n = 237) of toddlers experienced at least one type of respiratory symptom at 

22-months-old. A cold was the most common symptom, as it was experienced by 

урΦп҈ όƴ Ґ нмсύ ƻŦ ǘƻŘŘƭŜǊǎΤ ƴƻƛǎȅ ōǊŜŀǘƘƛƴƎ ǘƘŀǘ ŘƛŘƴΩǘ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ŎƘŜǎǘ ǿŀǎ ǘƘŜ 

least common symptom, as it was experienced by 9.0% (n = 23) of toddlers. Figure 49 

demonstrates the prevalence of individual symptoms. 
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Figure 49: prevalence of respiratory symptoms at 22-months-old 

4.5.4.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.4.3.1.1     Colds 

Colds were more likely amongst: females (OR = 2.10, 95% CI = 1.06 ς 4.15), singletons 

(OR = 6.54, 95% CI = 1.23 ς 34.96), toddlers who attended nursery (OR = 2.63, 95%           

CI = 1.29 ς 5.35), and toddlers without a co-morbidity (OR = 2.36, 95% CI = 1.09 ς 5.11). 

Colds were also more likely amongst toddlers who were born to mothers aged more 

than 35-years-old, compared to those born to mothers aged 25 to 34-years-old         

(OR = 2.60, 95% CI = 1.13 - 6.03). 

4.5.4.3.1.2     Coughing 

Coughing was more likely amongst toddlers who attended nursery (OR = 2.69, 95%                           

CI = 1.42 - 5.11), and toddlers without a family history of atopy (OR = 1.96, 95%                           

CI = 1.03 - 3.74). Coughing was more likely amongst toddlers with degree-educated 

mothers too, compared to those with school-educated mothers (OR = 2.97, 95%                           

CI = 1.48 - 5.96). 

There were differences in the prevalence of coughing amongst the different levels of 

ƳŀǘŜǊƴŀƭ ŜŘǳŎŀǘƛƻƴ ό˔2 = 7.58, p = 0.023, df = 2). Toddlers with degree-educated 

mothers were more likely to cough than those with vocationally or school-educated 
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mothers. Toddlers with vocationally-educated mothers were more likely to cough than 

those with school-educated mothers too. 

4.5.4.3.1.3     No Symptoms 

Being asymptomatic was more likely amongst toddlers who did not attend nursery                    

(OR = 3.80, 95% CI = 1.28 - 11.33). 

4.5.4.3.1.4     Noisy Breathing ς From Throat 

There were no risk factors that affected the prevalence of noisy breathing from the 

throat, at 22-months-old.  

4.5.4.3.1.5     Noisy Breathing ς Not From Chest 

There were no risk factors that affected the prevalence of noisy breathing that did not 

come from the chest, at 22-months-old. 

4.5.4.3.1.6     Rattly Chest 

Rattly chests were more likely amongst toddlers with degree-educated mothers, 

compared to those with vocationally (OR = 2.31, 95% CI = 1.07 - 5.01) or                           

school-educated mothers (OR = 2.41, 95% CI = 1.17 - 4.96). Toddlers who were 

breastfed for 1-4 months were also more likely to have rattly chests, compared to 

those who were breastfed for less than 1 month (OR = 2.46, 95% CI = 1.07 - 5.66). 

4.5.4.3.1.7      Shortness of Breath 

SOB was more likely amongst toddlers who attended nursery (OR = 2.32, 95%                           

CI = 1.28 - 4.44). SOB was also more likely amongst toddlers with degree-educated 

mothers, compared to those with school-educated mothers (OR = 2.44, 95%                           

CI = 1.17 - 5.07). 

4.5.4.3.1.8     Snoring 

Snoring was more likely amongst toddlers who attended nursery (OR = 1.81, 95%          

CI = 1.08 ς 3.01). 

4.5.4.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst toddlers who were breastfed (OR = 3.17, 95%       

CI = 1.00 ς 10.01). 
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4.5.4.3.1.10       Wheezing 

Wheezing was more likely amongst males (OR = 1.83, 95% CI = 1.04 ς 3.22). Wheezing 

was also more likely amongst toddlers with degree-educated mothers, compared to 

those with school-educated mothers (OR = 3.29, 95% CI = 1.32 - 8.22).  

4.5.4.4   Healthcare Service Usage 

At 22-months-old, 24.1% (n = 61) of toddlers were taken to their GP for a respiratory 

problem. Of these toddlers: 52.5% (n = 32) visited once, 24.6% (n = 15) visited twice, 

13.1% (n = 8) visited thrice, 4.9% (n = 3) visited four times, and 4.9% (n = 3) visited 

more than five times. 5.5% (n = 14) of toddlers were taken to hospital for a respiratory 

problem. 64.3% (n = 9) of these toddlers visited once, 7.1% (n = 1) visited twice, 14.3% 

(n = 2) visited thrice, 7.1% (n = 1) visited four times, and 7.1% (n = 1) visited more than 

five times. Figure 50 presents GP and hospital attendance rates graphically. 

 

Figure 50: GP and hospital attendance rates at 22-months-old 

4.5.4.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.4.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst toddlers with 

degree-educated mothers, compared to those with school-educated mothers                     

(OR = 2.46, 95% CI = 1.03 - 5.86). 

4.5.4.4.1.2     Hospital Attendance 

The rate of hospital attendance for a respiratory problem was not impacted by any of 

the risk factors being assessed, at 22-months-old.  
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4.5.4.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 22-months-old, there was a moderate correlation between total LRSQ score and GP 

attendance rate (rs = 0.546, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.291, p = <0.001). These results suggest 

the toddlers with the most severe respiratory disease, are not necessarily the ones 

who are more likely to seek medical assistance. Figures 51 and 52 show the 

correlations graphically. 

 

Figure 51: correlation between total LRSQ score and GP attendance rate at 22-months-old 
Figure 52: correlation between total LRSQ score and hospital attendance rate at 22-months-old 
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4.5.5 Questionnaire 5: 28-Months-Old 

4.5.5.1   Exposure to Risk Factors 

4.5.5.1.1    Nursery Attendance 

At 28-months-old, 67.1% (n = 151) of toddlers attended nursery.  

4.5.5.1.2    Other Household Children 

55.1% (n = 124) of toddlers lived with at least one other child at 28-months-old. 81.5% 

(n = 101) lived with only one other, 13.7% (n = 17) lived with two others, and 4.8%               

(n = 6) lived with three others. 

4.5.5.1.3    Bedroom Sharing 

At 28-months-old, 25.8% (n = 58) of toddlers shared a bedroom. 55.2% (n = 32) shared 

with their parent(s), 46.6% (n = 27) shared with one other child, 1.6% (n = 1) shared 

with more than one other child, and 1.6% (n = 1) shared with someone else.  

4.5.5.1.4    ETS Exposure 

13.8% (n = 31) of toddlers were exposed to ETS at 28-months-old. 6.5% (n = 2) were 

exposed to ETS from inside the home, 87.1% (n = 27) were exposed to ETS from 

outside of the home, 6.5% (n = 2) were exposed to ETS from inside the car, and 16.1% 

(n = 5) were exposed to ETS from within another location (e.g. work). 

At 28-months-old, the prevalence of ETS exposure amongst toddlers in the LBBS was 

not significantly different to the prevalence of smoking in England in 2015/16                

ό2̝ = 0.97, p = 0.32, df = 1). However, it was lower than the prevalence of smoking in 

Liverpool in 2015/16 ό2̝ = 7.05, p = 0.008, df = 1). 
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4.5.5.1.5    Family History of Atopy 

At 28-months-old, 44.4% (n = 100) 

of toddlers had a family history of 

atopy. 

From those with a family history of 

atopy: 56.0% (n = 56) had an 

atopic mother, 44.0% (n = 44) had 

an atopic father, and 39.0%              

(n = 39) had at least one atopic 

sibling. There was a family history 

of: asthma in 46.0% (n = 46) of 

these toddlers, hay fever in 58.0% 

(n = 58), and eczema in 54.0%         

(n = 54). Figure 53 shows how 

familial atopy was inter-related at             

28-months-old. 

 

 

4.5.5.1.6    Co-Morbidities 

15.1% (n = 34) of the toddlers had a co-morbid disease at 28-months-old. The 

respiratory system was the most common co-morbid system at this age, whilst eczema 

was the most common co-morbidity overall. Table 25 shows the co-morbidities seen at 

28-months-old ς as reported by parents, and grouped according to organ system. 

 

 

 

 

 

 

Figure 53: toddlers with a family history of atopy, by relative(s) and disease(s), at 28-months-old   
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Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 12) 

Asthma 8 

Viral-Induced Wheeze 2 

Laryngomalacia 1 

Hay Fever 1 

Cardiac 
(n = 2) 

Congenital Heart Disease 2 

Renal 
(n = 2) 

Hydronephrosis 1 

Vesicoureteral Reflux 1 

Neurological 
(n = 4) 

Cerebral Palsy 1 

Epilepsy 1 

Hypotonia 1 

Pilocytic Astrocytoma 1 

Other 
(n = 22) 

Eczema 11 

Allergies 5 

Haemophilia 2 

Autism Spectrum Disorder 1 

Developmental Delay 1 

Developmental Dysplasia of Hips 1 

Tuberous Sclerosis 1 
Table 25: co-morbidities of the LBBS cohort at 28-months-old 

4.5.5.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 28-months-old are shown in Table 26. The distribution of scores are 

shown graphically in Figure 54. 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 2 9 17 111 12.98 15.58 

Domain 1 0 0 1 2.5 14 1.69 2.19 

Domain 2 0 0 2 3 18 2.38 2.72 

Domain 3 0 1 3 6 21 4.01 3.91 

Domain 4 0 0 0 1 13 0.74 1.63 

Domain 5 0 0 0 1 13 0.68 1.70 

Domain 6 0 0 0 1 10 0.70 1.70 

Domain 7 0 0 0 2 13 1.35 2.24 

Domain 8 0 1 2 4 14 2.96 2.57 
Table 26: descriptive statistics of the total and domain LRSQ scores at 28-months-old 
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Figure 54: distribution of total and domain LRSQ scores at 28-months-old 

4.5.5.2.1    Impact of Risk Factor Exposure on Total LRSQ Score  

Total LRSQ scores were higher amongst toddlers with: a family history of atopy                  

(U = 7896, p = 0.003), a co-ƳƻǊōƛŘƛǘȅ ό¦ Ґ омнмΣ Ǉ Ґ ғлΦллмύΣ ƻǊ ŀ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ 

(U = 1121, p = 0.027). They were also higher amongst males (U = 8185, p = 0.008), and 

those who attended nursery (U = 5997, p = <0.001). 

There were differences in total LRSQ score between the different levels of deprivation 

(H = 13.31, p = 0.010, df = 4). Post-hoc analysis revealed that toddlers living in the 

second-most deprived IMD quintile scored lower, compared to those living in the 

most-deprived (p = 0.006), third-most deprived (p = 0.004) and second-least deprived 

(p = 0.016) quintiles. Toddlers living in the least-deprived IMD quintile scored lower 

than those living in the third-most deprived quintile (p = 0.037). 
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4.5.5.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.5.2.2.1     Domain 1 

Domain 1 scores were higher amongst males (U = 8398, p = 0.016). They were also 

higher amongst toddlers who: attended nursery (U = 6226, p = <0.001), had a family 

history of atopy (U = 8072, p = 0.004), or had a co-morbidity (U = 2886, p = <0.001). 

4.5.5.2.2.2     Domain 2 

Domain 2 scores were higher amongst toddlers who: attended nursery (U = 7205,               

p = 0.008), had a family history of atopy (U = 8475, p = 0.027), or had a co-morbidity      

(U = 3406, p = <0.001). They were also higher amongst males (U = 7773, p = 0.001). 

4.5.5.2.2.3     Domain 3 

Domain 3 scores were higher amongst toddlers who were: male (U = 7698, p = 0.001) 

ƻǊ ōƻǊƴ ŀǘ ŀ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ ό¦ Ґ ммтнΣ Ǉ Ґ лΦлпмύΦ ¢ƘŜȅ ǿŜǊŜ ŀƭǎƻ ƘƛƎƘŜǊ ŀƳƻƴƎǎǘ 

toddlers who: had a co-morbidity (U = 3587, p = 0.001), attended nursery (U = 5841,           

p = <0.001), or had a family history of atopy (U = 7477, p = <0.001). 

There were differences in domain 3 score between the different levels of deprivation 

(H = 15.82, p = 0.003, df = 4) and maternal age (H = 7.78, p = 0.020, df = 2). Post-hoc 

analysis revealed that toddlers living in the second-most deprived IMD quintile scored 

lower, compared to those living in the most-deprived (p = 0.015), third-most deprived 

(p = 0.004) and second-least deprived (p = 0.004) quintiles. Those living in the least-

deprived quintile scored lower than those in the third-most deprived (p = 0.013) and 

second-least deprived (p = 0.034) quintiles. It also revealed that toddlers born to 

mothers aged less than 25-years-old scored higher, compared to toddlers born to 

ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old (p = 0.006) and mothers aged 25 to 34-years-old                      

(p = 0.019). 

4.5.5.2.2.4     Domain 4 

Domain 4 scores were higher amongst toddlers who: shared a bedroom (U = 7059,                

p = 0.037), attended nursery (U = 7626, p = 0.018), had a family history of atopy                  

(U = 8806, p = 0.040), had a co-morbidity (U = 2980, p = <0.001), or were born at a 

ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ ό¦ Ґ ммттΣ Ǉ Ґ лΦлмрύΦ ¢ƘŜȅ ǿŜǊŜ ŀƭǎƻ Ƙƛgher amongst males              
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(U = 8739, p = 0.026), and those whose mothers were not exposed to ETS during 

pregnancy (U = 3487, p = 0.005)  

4.5.5.2.2.5     Domain 5 

Domain 5 scores were higher amongst toddlers who were not exposed to ETS                   

(U = 3986, p = 0.007), and toddlers whose mothers were not exposed to ETS during 

pregnancy (U = 3446, p = 0.003). They were also higher amongst toddlers with a family 

history of atopy (U = 8851, p = 0.045), or a co-morbidity (U = 2954, p = <0.001) was 

also associated with domain 5 scores. 

There were differences in domain 5 score between the different levels of maternal age 

(H = 7.26, p = 0.026, df = 2). Post-hoc analysis revealed that toddlers born to mothers 

aged 25 to 34-years-old scored higher than those born to mothers aged less than             

25-years-old (p = 0.014). There were also differences in domain 5 score amongst 

breastfed toddlers, depending on how long they were breastfed for (H = 7.57,                        

p = 0.023, df = 2). Post-hoc analysis revealed that toddlers who were breastfed for 1-4 

months scored lower, compared to those who were breastfed for less than 1 month           

(p = 0.007) or for more than 4 months (p = 0.041). 

4.5.5.2.2.6     Domain 6 

5ƻƳŀƛƴ с ǎŎƻǊŜǎ ǿŜǊŜ ƘƛƎƘŜǊ ŀƳƻƴƎǎǘ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘt toddlers (U = 1268,                      

p = 0.029), and those whose mother smoked during pregnancy (U = 1755, p = 0.016). 

They were also higher amongst toddlers who shared a bedroom (U = 6893, p = 0.011), 

or had a co-morbidity (U = 3893, p = 0.001).  

4.5.5.2.2.7     Domain 7 

Domain 7 scores were higher amongst those toddlers who: attended nursery                     

(U = 7060, p = 0.002), had a co-morbidity (U = 3080, p = <0.001), or were born at a 

ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ ό¦ Ґ мномΣ Ǉ Ґ лΦлпмύΦ  

There were differences in domain 7 score between the different levels of deprivation 

(H = 9.54, p = 0.049, df = 4). Post-hoc analysis revealed that toddlers living in the                

third-most deprived IMD quintile scored higher, compared to those living in the            

least-deprived (p = 0.032) and the second-most deprived (p = 0.009) quintiles.  
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4.5.5.2.2.8     Domain 8 

Domain 8 scores were higher amongst males (U = 7418, p = <0.001). They were also 

higher amongst those who: attended nursery (U = 6786, p = 0.001), had a family 

history of atopy (U = 7872, p = 0.002), or had a co-morbidity (U = 3611, p = 0.001). 

There were differences in domain 8 score between the different levels of deprivation 

(H = 13.31, p = 0.010, df = 4) and maternal age (H = 6.28, p = 0.043, df = 2). Post-hoc 

analysis revealed that toddlers living in the second-most deprived IMD quintile scored 

lower, compared to those living in the most-deprived (p = 0.012), third-most deprived 

(p = 0.016) and second-least deprived (p = 0.033) quintiles. Those living in the                 

least-deprived quintile scored lower than those in the third-most deprived (p = 0.012) 

and second-least deprived (p = 0.015) quintiles. It also revealed that toddlers born to 

mothers aged less than 25-years-old scored higher, compared to toddlers born to 

ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old (p = 0.014) and mothers aged 25 to 34-years-old                  

(p = 0.044). 

4.5.5.2.3    Total LRSQ Score vs Total QoL Score 

¢ƘŜǊŜ ǿŀǎ ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ ǘƻŘŘƭŜǊΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ 

total QoL score (rs = 0.934, p = <0.001). Figure 55 shows the correlation graphically. A 

higher total LRSQ score is more strongly correlated with a poor QoL for parents, than 

with a poor QoL for toddlers (rs = 0.846, p = <0.001 vs rs = 0.801, p = <0.001). Toddlers 

who regularly suffer with respiratory symptoms, and their parents, therefore 

experience a worse QoL.  
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Figure 55: correlation between total LRSQ score and total QoL score at 28-months-old 

4.5.5.3   Symptom Prevalence 

89.3% (n = 201) of toddlers experienced at least one type of respiratory symptom at 

28-months-old. A cold was the most common symptom, as it was experienced by 

80.4% (n = 181) of toddlers; tachypnoea was the least common symptom, as it was 

experienced by 12.9% (n = 29) of toddlers. Figure 56 demonstrates the prevalence of 

individual symptoms. 

 

Figure 56: prevalence of respiratory symptoms at 28-months-old 
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4.5.5.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.5.3.1.1     Colds 

Colds were more likely amongst toddlers who attended nursery (OR = 32.23, 95% CI = 

1.62 ς 6.45). Colds were also more likely amongst toddlers more likely amongst 

toddlers who were born to mothers aged 25 to 34-years-old, compared to those born 

to mothers aged more than 35-years-old (OR = 2.27, 95% CI = 1.10 - 4.70). 

4.5.5.3.1.2     Coughing 

Coughing was more likely amongst: males (OR = 2.77, 95% CI = 1.44 ς 5.35), toddlers 

who attended nursery (OR = 2.32, 95% CI = 1.23 ς 4.40), toddlers with a family history 

of atopy (OR = 3.09, 95% CI = 1.55 ς 6.15), and toddlers whose mother was exposed to 

ETS during pregnancy (OR = 8.55, 95% CI = 1.28 ς 57.18). 

4.5.5.3.1.3     No Symptoms 

Being asymptomatic was more likely amongst: toddlers who did not attend nursery 

(OR = 3.89, 95% CI = 1.54 ς 9.86), females (OR = 3.52, 95% CI = 1.28 ς 9.68), and twins 

(OR = 13.12, 95% CI = 1.02 - 168.34). Being asymptomatic was also more likely amongst 

toddlers who were born to mothers aged more than 35-years-old, compared to those 

born to mothers aged 25 to 34-years-old (OR = 3.11, 95% CI = 1.17 - 8.28). 

4.5.5.3.1.4     Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst toddlers who shared a 

bedroom (OR = 2.43, 95% CI = 1.20 ς 4.94), and toddlers with a co-morbidity                 

(OR = 4.45, 95% CI = 2.01 ς 9.85). 

4.5.5.3.1.5     Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst: toddlers 

who shared a bedroom (OR = 2.32, 95% CI = 1.08 - 5.02), toddlers whose mothers 

smoked during pregnancy (OR = 3.40, 95% CI = 1.09 - 10.67), and toddlers with a           

co-morbidity (OR = 4.34, 95% CI = 1.87 - 10.06).  

4.5.5.3.1.6     Rattly Chest 

Rattly chests were more likely amongst toddlers who attended nursery (OR = 2.66, 

95% CI = 1.36 ς 5.19), and toddlers with a family history of atopy (OR = 2.62, 95%              

CI = 1.46 ς 4.70). Rattly chests were also more likely amongst toddlers who were born 
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to mothers aged less than 25-years-old, compared to those born to mothers aged 25 

to 34-years-old (OR = 9.87, 95% CI = 2.25 - 43.30) or more than 35-years-old                       

(OR = 11.07, 95% CI = 2.40 - 51.03). 

4.5.5.3.1.7      Shortness of Breath 

SOB was more likely amongst toddlers with a family history of atopy (OR = 2.57, 95%  

CI = 1.22 ς 5.45), and toddlers with a co-morbidity (OR = 3.57, 95% CI = 1.57 ς 8.10). 

4.5.5.3.1.8     Snoring 

Snoring was more likely amongst males (OR = 1.87, 95% CI = 1.10 ς 3.18). Snoring was 

more likely amongst toddlers who were born to mothers aged less than 25-years-old, 

compared to those born to mothers aged more than 35-years-old (OR = 7.55, 95%           

CI = 1.10 - 51.65). Toddlers who were breastfed for less than 1 month or for more than 

4 months were also more likely to snore, compared to those who were breastfed for     

1-4 months (respectively: OR = 4.17, 95% CI = 1.63 - 10.66 and OR = 2.67, 95%                       

CI = 1.18 ς 6.03 

4.5.5.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst toddlers with a co-morbidity (OR = 2.87, 95%           

CI = 1.22 ς 6.73). Tachypnoea was also more likely amongst toddlers who were 

breastfed for less than 1 month or more than 4 months, compared to those who were 

breastfed for 1-4 months (respectively: OR = 18.44, 95% CI = 1.21 - 281.40 and                

OR = 18.53, 95% CI = 1.29 - 265.99). 

4.5.5.3.1.10       Wheezing 

Wheezing was more likely amongst toddlers with a family history of atopy (OR = 2.10, 

95% CI = 1.12 ς 3.91) or a co-morbidity (OR = 3.93, 95% CI = 1.85 - 8.326).  

4.5.5.4   Healthcare Service Usage 

At 28-months-old, 16.9% (n = 38) of toddlers were taken to their GP for a respiratory 

problem. Of these toddlers: 63.2% (n = 24) visited once, 26.3% (n = 10) visited twice, 

5.3% (n = 2) visited thrice, 2.6% (n = 1) visited four times, and 2.6% (n = 1) visited five 

times. 4.0% (n = 9) of toddlers were taken to hospital for a respiratory problem. 55.6% 

(n = 5) of these toddlers visited once, 33.3% (n = 3) visited twice, and 11.1% (n = 1) 

visited five times. Figure 57 presents GP and hospital attendance rates graphically. 
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Figure 57: GP and hospital attendance rates at 28-months-old 

4.5.5.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.5.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst toddlers with a       

co-morbidity (OR = 3.80, 95% CI = 1.74 - 8.33), toddlers with a family history of atopy 

(OR = 2.15, 95% CI = 1.08 - 4.27), and toddlers who did not live with other children     

(OR = 4.00, 95% CI = 1.93 - 8.28).  

4.5.5.4.1.2     Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst toddlers with a            

co-morbidity (OR = 8.49, 95% CI = 2.21 - 32.69), and toddlers who shared a bedroom 

(OR = 8.05, 95% CI = 1.78 - 36.42). 

4.5.5.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 28-months-old, there was a moderate correlation between total LRSQ score and GP 

attendance rate (rs = 0.470, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.285, p = <0.001). These results suggest 

the toddlers with the most severe respiratory disease, are not necessarily the ones 

who are more likely to seek medical assistance. Figures 58 and 59 show the 

correlations graphically. 
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Figure 58: correlation between total LRSQ score and GP attendance rate at 28-months-old 
Figure 59: correlation between total LRSQ score and hospital attendance rate at 28-months-old 

 

 

 

 

 

 

 

4.5.6 Questionnaire 6: 34-Months-Old 

4.5.6.1   Exposure to Risk Factors 

4.5.6.1.1    Nursery Attendance 

At 34-months-old, 74.3% (n = 171) of toddlers attended nursery.  

4.5.6.1.2    Other Household Children 

53.0% (n = 122) of toddlers lived with at least one other child at 34-months-old. 78.7% 

(n = 96) lived with only one other, 16.4% (n = 20) lived with two others, 4.1% (n = 5) 

lived with three others, and 0.8% (n = 1) lived with four others. 

4.5.6.1.3    Bedroom Sharing 

At 34-months-old, 27.8% (n = 64) of toddlers shared a bedroom. 51.6% (n = 33) shared 

with their parent(s), 46.9% (n = 30) shared with one other child, and 3.1% (n = 2) 

shared with more than one other child.  
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4.5.6.1.4    ETS Exposure 

16.1% (n = 37) of toddlers were exposed to ETS at 34-months-old. 9.5% (n = 4) were 

exposed to ETS from inside the home, 91.9% (n = 34) were exposed to ETS from 

outside of the home, 2.7% (n = 1) were exposed to ETS from inside the car, and 7.1%  

(n = 3) were exposed to ETS from within another location (e.g. work). 

At 34-months-old, the prevalence of ETS exposure amongst toddlers in the LBBS was 

ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊŜƴǘ ǘƻ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǎƳƻƪƛƴƎ ƛƴ ŜƛǘƘŜǊ 9ƴƎƭŀƴŘ ό˔2 = 0.14,       

p = 0.71, df = 1) or LƛǾŜǊǇƻƻƭ ό˔2 = 0.20, p = 0.66, df = 1) in 2016/17.  

4.5.6.1.5    Family History of Atopy 

At 34-months-old, 46.5% (n = 107) 

of toddlers had a family history of 

atopy. 

From those with a family history of 

atopy: 50.5% (n = 54) had an 

atopic mother, 52.3% (n = 56) had 

an atopic father, and 33.6%              

(n = 36) had at least one atopic 

sibling. There was a family history 

of: asthma in 40.2% (n = 43) of 

these toddlers, hay fever in 69.2% 

(n = 74), and eczema in 52.3%        

(n = 56). Figure 60 shows how 

familial atopy was inter-related at             

34-months-old. 

 

 

 

4.5.6.1.6    Co-Morbidities 

12.6% (n = 29) of the toddlers had a co-morbid disease at 34-months-old. The 

respiratory system was the most common co-morbid system at this age, whilst eczema 

Figure 60: toddlers with a family history of atopy, by relative(s) and disease(s), at 34-months-old   
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was the most common co-morbidity overall. Table 27 shows the co-morbidities seen at 

34-months-old ς as reported by parents, and grouped according to organ system. 

Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 10) 

Asthma 6 

Viral-Induced Wheeze 2 

Hay Fever 1 

Cardiac 
(n = 2) 

Congenital Heart Disease 2 

Renal 
(n = 2) 

Hydronephrosis 1 

Vesicoureteral Reflux 1 

Neurological 
(n = 1) 

Cerebral Palsy 1 

Other 
(n = 23) 

Eczema 10 

Allergies 6 

Club Foot (Talipes Equinovarus) 1 

5ƻǿƴΩǎ {ȅƴŘǊƻƳŜ ό¢ǊƛǎƻƳȅ нмύ 1 

Metatarsus Varus 1 

Pes Planus 1 

Tuberous Sclerosis 1 
Table 27: co-morbidities of the LBBS cohort at 34-months-old 

4.5.6.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 34-months-old are shown in Table 28. The distribution of scores are 

shown graphically in Figure 61. 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 3 8 19 72 13.20 14.09 

Domain 1 0 0 1 3 9 1.80 2.01 

Domain 2 0 1 2 4 11 2.67 2.57 

Domain 3 0 2 3 6 21 4.30 3.91 

Domain 4 0 0 0 1 6 0.74 1.38 

Domain 5 0 0 0 1 7 0.68 1.43 

Domain 6 0 0 0 0 11 0.60 1.57 

Domain 7 0 0 0 1 11 1.11 2.04 

Domain 8 0 1 3 5 11 3.23 2.56 
Table 28: descriptive statistics of the total and domain LRSQ scores at 34-months-old 
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Figure 61: distribution of total and domain LRSQ scores at 34-months-old 

4.5.6.2.1    Impact of Risk Factor Exposure on Total LRSQ Score  

Total LRSQ scores were higher amongst toddlers who were: non-Caucasian (U = 1909, 

p = 0.041), breastfed (U = 6284, p = 0.019), or a singleton birth (U = 52, p = 0.044). 

They were also higher amongst those who: had a co-morbidity (U = 3174, p = 0.005), 

attended nursery (U = 5771, p = <0.001), did not live with other children (U = 8748,            

p = 0.002), or had a family history of atopy (U = 9544, p = 0.042). 

There were differences in total LRSQ score between the different levels of deprivation 

(H = 13.31, p = 0.010, df = 4) and maternal age (H = 8.38, p = 0.015, df = 2). Post-hoc 

analysis revealed that toddlers living in the most-deprived IMD quintile scored higher, 

compared to those living in the least-deprived (p = 0.013) and second-most deprived  

(p = 0.005) quintiles. Those living in the third-most deprived IMD quintile scored higher 
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than those in the most-deprived (p = 0.027) quintile. It also revealed that toddlers born 

to mothers aged less than 25-years-old scored higher, compared to toddlers born to 

ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old (p = 0.004) and mothers aged 25 to 34-years-old                       

(p = 0.010). 

4.5.6.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.6.2.2.1     Domain 1 

Domain 1 scores were higher amongst toddlers whose mothers did not smoke during 

pregnancy (U = 2502, p = 0.023), as well as non-Caucasians (U = 1830, p = 0.020). They 

were also higher amongst toddlers who: attended nursery (U = 5997, p = <0.001), had 

a co-morbidity (U = 3289, p = 0.009), or did not live with other children (U = 8829,                

p = 0.002). 

There were differences in domain 1 score between the different levels of deprivation 

(H = 10.90, p = 0.028, df = 4). Post-hoc analysis revealed that toddlers living in the 

least-deprived IMD quintile scored lower, compared to those living in the                         

least-deprived (p = 0.014) and the third-most deprived (p = 0.040) quintiles. Toddlers 

living in the second-most deprived IMD quintile scored lower than those living in the 

most-deprived quintile (p = 0.017). 

4.5.6.2.2.2     Domain 2 

Domain 2 scores were higher amongst non-Caucasian toddlers (U = 1761, p = 0.013). 

They were also higher amongst toddlers who: attended nursery (U = 6138, p = <0.001), 

shared a bedroom (U = 7633, p = 0.026), or did not live with other children (U = 8878,        

p = 0.002). 

There were differences in domain 2 score between the different levels of maternal age 

(H = 12.16, p = 0.002, df = 2). Post-hoc analysis revealed that toddlers born to mothers 

aged less than 25-years-old scored higher, compared to toddlers born to mothers aged 

җор-years-old (p = <0.001) and mothers aged 25 to 34-years-old (p = 0.003). 

4.5.6.2.2.3     Domain 3 

Domain 3 scores were higher amongst toddlers who were: male (U = 8761, p = 0.002), 

ōƻǊƴ ŀǘ ŀ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ ό¦ Ґ флрΣ Ǉ Ґ лΦлптύΣ ƻǊ ŀ ǎƛƴƎƭŜǘƻƴ ōƛǊǘƘ ό¦ Ґ псΣ                      

p = 0.038). They were also higher amongst those who: attended nursery (U = 5951,             
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p = <0.001), or had a co-morbidity (U = 3383, p = <0.019). Toddlers whose mothers did 

not smoke during pregnancy had higher domain 3 scores too (U = 2078,      p = 0.001).  

There were differences in domain 3 score between the different levels of deprivation 

(H = 9.83, p = 0.043, df = 4) and maternal age (H = 9.07, p = 0.011, df = 2). Post-hoc 

analysis revealed that toddlers living in the second-most deprived IMD quintile scored 

lower, compared to those living in the most-deprived (p = 0.026) and third-most 

deprived (p = 0.022) quintiles. Those living in the least-deprived IMD quintile scored 

lower than those living in the most-deprived (p = 0.044) and third-most deprived                 

(p = 0.032) quintiles. It also revealed that toddlers born to mothers aged less than            

25-years-ƻƭŘ ǎŎƻǊŜŘ ƘƛƎƘŜǊΣ ŎƻƳǇŀǊŜŘ ǘƻ ǘƻŘŘƭŜǊǎ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old 

(p = 0.003) and mothers aged 25 to 34-years-old (p = 0.007). 

4.5.6.2.2.4     Domain 4 

Domain 4 scores were higher amongst toddlers who: attended nursery (U = 6407,               

p = <0.001), had a co-morbidity (U = 3510, p = 0.016), did not live with other children 

(U = 9140, p = 0.002), or were not exposed to ETS (U = 5103, p = 0.021). 

There were differences in domain 4 score between the different levels of deprivation 

(H = 11.34, p = 0.023, df = 4). Post-hoc analysis revealed that toddlers living in the 

most-deprived IMD quintile scored higher, compared to those living in the                    

least-deprived (p = 0.035) and the second-most deprived (p = 0.014) quintiles. There 

were also differences in domain 4 score amongst breastfed toddlers, depending on 

how long they were breastfed for (H = 8.68, p = 0.013, df = 2). Post-hoc analysis 

revealed that toddlers who were breastfed for 1-4 months scored higher, compared to 

those who were breastfed for less than 1 month (p = 0.005) or for more than 4 months 

(p = 0.016). 

4.5.6.2.2.5     Domain 5 

Domain 5 scores were higher amongst breastfed toddlers (U = 6275, p = 0.004), and 

toddlers who: had a co-morbidity (U = 3430, p = 0.006), attended nursery (U = 7087,              

p = 0.003), or did not live with other children (U = 9357, p = 0.004). 

There were differences in domain 5 score amongst breastfed toddlers, depending on 

how long they were breastfed for (H = 22.35, p = <0.001, df = 2). Post-hoc analysis 
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revealed that toddlers who were breastfed for 1-4 months scored higher, compared to 

those who were breastfed for less than 1 month (p = <0.001) or for more than 4 

months (p = 0.002). Toddlers who were breastfed for more than 4 months scored 

higher than those who were breastfed for less than 1 month (p = 0.012) too. 

4.5.6.2.2.6     Domain 6 

Domain 6 scores were higher amongst toddlers who: had a co-morbidity (U = 3576,              

p = 0.007), were not exposed to ETS (U = 5278, p = 0.019), or did not live with other 

children (U = 9965, p = 0.031). 

There were differences in domain 6 score amongst breastfed toddlers, depending on 

how long they were breastfed for (H = 6.12, p = 0.047, df = 2). Post-hoc analysis 

revealed that toddlers who were breastfed for more than 4 months scored higher, 

compared to those who were breastfed for less than 1 month (p = 0.016). 

4.5.6.2.2.7     Domain 7 

Domain 7 scores were higher amongst toddlers who: had a co-morbidity (U = 3653,              

p = 0.045), were breastfed (U = 6203, p = 0.005), attended nursery (U = 6979,                     

p = 0.003), or did not live with other children (U = 8789, p = <0.001). 

4.5.6.2.2.8     Domain 8 

Domain 8 scores were higher amongst toddlers who: were breastfed (U = 6415,                      

p = 0.031), had a family history of atopy (U = 9426, p = 0.027), shared a bedroom                   

(U = 7061, p = 0.002), or attended nursery (U = 6430, p = <0.001). They were also 

higher amongst males (U = 9028, p = 0.006), non-Caucasians (U = 1794, p = 0.017) and 

those who did not live with other children (U = 9330, p = 0.016).  

There were differences in domain 8 score between the different levels of maternal age 

(H = 21.88, p = <0.001, df = 2). Post-hoc analysis revealed that toddlers born to 

mothers aged less than 25-years-old scored higher, compared to toddlers born to 

ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old (p = <0.001) and mothers aged 25 to 34-years-old                       

(p = <0.001). 

4.5.6.2.3    Total LRSQ Score vs Total QoL Score 

¢ƘŜǊŜ ǿŀǎ ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ ǘƻŘŘƭŜǊΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ 

total QoL score (rs = 0.912, p = <0.001). Figure 62 shows the correlation graphically. A 



143 
 

higher total LRSQ score is more strongly correlated with a poor QoL for parents, than 

with a poor QoL for toddlers (rs = 0.833, p = <0.001 vs rs = 0.764, p = <0.001). Toddlers 

who regularly suffer with respiratory symptoms, and their parents, therefore 

experience a worse QoL.  

 

Figure 62: correlation between total LRSQ score and total QoL score at 34-months-old 

 

 

 

 

 

 

 

 

 



144 
 

4.5.6.3   Symptom Prevalence 

93.0% (n = 214) of toddlers experienced at least one type of respiratory symptom at 

34-months-old. A cold was the most common symptom, as it was experienced by 

уоΦр҈ όƴ Ґ мфнύ ƻŦ ǘƻŘŘƭŜǊǎΤ ƴƻƛǎȅ ōǊŜŀǘƘƛƴƎ ǘƘŀǘ ŘƛŘƴΩǘ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ŎƘŜǎǘ ǿŀǎ ǘƘŜ 

least common symptom, as it was experienced by 10.4% (n = 24) of toddlers. Figure 63 

demonstrates the prevalence of individual symptoms. 

 

Figure 63: prevalence of respiratory symptoms at 34-months-old 

4.5.6.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.6.3.1.1     Colds 

Colds were more likely amongst ΨƴƻǊƳŀƭ ōƛǊǘƘǿŜƛƎƘǘΩ toddlers (OR = 5.13, 95%                      

CI = 1.18 ς 22.34), and toddlers whose mother did not smoke during pregnancy                 

(OR = 5.31, 95% CI = 2.04 ς 13.78). 

4.5.6.3.1.2     Coughing 

Coughing was more likely amongst toddlers who attended nursery (OR = 2.67, 95%               

CI = 1.33 ς 5.35), or did not live with other children (OR = 2.18, 95% CI = 1.09 ς 4.39). 

4.5.6.3.1.3     No Symptoms 

Being asymptomatic was more likely ŀƳƻƴƎǎǘ ōǊŜŀǎǘŦŜŘ ǘƻŘŘƭŜǊǎ όǇ Ґ лΦлппΣ CƛǎƘŜǊΩǎ 

Exact Test). 
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Asymptomatic toddlers, were less likely to be deprived ς since toddlers became 1.23 

times more likely to be asymptomatic for every increase in IMD decile (OR = 1.23, 95% 

CI = 1.02 - 1.50). 

4.5.6.3.1.4     Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst toddlers who had not been 

exposed to ETS (OR = 5.28, 95% CI = 1.08 ς 25.95). Noisy breathing from the throat was 

also more likely amongst toddlers who were breastfed for 1-4 months, compared to 

those who were breastfed for less than 1 month (OR = 6.02, 95% CI = 1.28 - 28.29). 

4.5.6.3.1.5     Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst toddlers 

with a co-morbidity (OR = 2.46, 95% CI = 1.02 - 5.93), and toddlers who did not live 

with other children (OR = 2.95, 95% CI = 1.08 - 8.06). 

4.5.6.3.1.6     Rattly Chest 

Rattly chests were more likely amongst toddlers who attended nursery (OR = 3.81, 

95% CI = 1.88 - 7.75). 

4.5.6.3.1.7     Shortness of Breath 

SOB was more likely amongst toddlers who did not live with other children (OR = 3.77, 

95% CI = 1.86 - 7.66), and toddlers who attended nursery (OR = 2.75, 95%                                             

CI = 1.15 - 6.52). SOB was also more likely amongst toddlers who were born to mothers 

aged less than 25-years-old, compared to those born to mothers aged 25 to                               

34-years-old (OR = 3.28, 95% CI = 1.12 - 9.64) or more than 35-years-old (OR = 4.73, 

95% CI = 1.38 - 16.22). 

4.5.6.3.1.8     Snoring 

Snoring was more likely amongst toddlers who attended nursery (OR = 2.01, 95%                   

CI = 1.12 ς 3.60), or toddlers who did not live with other children (OR = 1.82, 95%                  

CI = 1.06 - 3.11). Snoring was also more likely amongst toddlers who were born to 

mothers aged less than 25-years-old, compared to those born to mothers aged more 

than 35-years-old (OR = 4.01, 95% CI = 1.07 - 15.03) 
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4.5.6.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst toddlers with a co-morbidity (OR = 3.82, 95%           

CI = 1.55 - 9.43), and toddlers who did not live with other children (OR = 2.78, 95%             

CI = 1.26 - 6.15). 

4.5.6.3.1.10       Wheezing 

Wheezing was more likely amongst: males (OR = 1.89, 95% CI = 1.05 - 3.41), toddlers 

who shared a bedroom (OR = 1.99, 95% CI = 1.07 - 3.68), toddlers who attended 

nursery (OR = 3.47, 95% CI = 1.54 - 7.82), toddlers with a co-morbidity (OR = 2.34, 95% 

CI = 1.02 ς 5.36), and toddlers who did not live with other children (OR = 2.23, 95%        

CI = 1.22 - 4.08). Wheezing was also more likely amongst toddlers who were born to 

mothers aged less than 25-years-old, compared to those born to mothers aged more 

than 35-years-old (OR = 4.448, 95% CI = 1.427 - 13.865). 

4.5.6.4   Healthcare Service Usage 

At 34-months-old, 22.2% (n = 51) of toddlers were taken to their GP for a respiratory 

problem. Of these toddlers: 51.0% (n = 26) visited once, 31.4% (n = 16) visited twice, 

7.8% (n = 4) visited thrice, 2.0% (n = 1) visited four times, and 7.8% (n = 4) visited five 

times. 5.2% (n = 12) of toddlers were taken to hospital for a respiratory problem. 

75.0% (n = 9) of these toddlers visited once, 16.7% (n = 2) visited twice, and 8.3%         

(n = 1) visited four times. Figure 64 presents GP and hospital attendance rates 

graphically. 

 

Figure 64: GP and hospital attendance rates at 34-months-old 
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4.5.6.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.6.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst: toddlers who had a 

family history of atopy (OR = 2.04, 95% CI = 1.09 - 3.80), toddlers who did not live with 

other children (OR = 2.93, 95% CI = 1.52 - 5.64), and toddlers who were not breastfed 

(OR = 2.32, 95% CI = 1.18 - 4.55). GP visitation was more likely amongst toddlers with 

vocationally-educated mothers, compared to those with degree-educated mothers 

(OR = 2.55, 95% CI = 1.23 - 5.29). Toddlers born to mothers aged less than 25-years-old 

were also more likely to visit a GP, compared to those born to mothers aged 25 to      

34-years-old (OR = 2.97, 95% CI = 1.07 - 8.22) or more than 35-years-old (OR = 4.89, 

95% CI = 1.55 - 15.43). 

4.5.6.4.1.2     Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst toddlers who 

shared a bedroom (OR = 2.96, 95% CI = 1.02 - 8.65), and toddlers who did not live with 

other children (OR = 3.77, 95% CI = 1.06 - 13.34). 

4.5.6.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 34-months-old, there was a strong correlation between total LRSQ score and GP 

attendance rate (rs = 0.601, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.357, p = <0.001). These results suggest 

the toddlers with the most severe respiratory disease, are slightly more likely to seek 

medical assistance from a GP, but not necessarily from the hospital. Figures 65 and 66 

show the correlations graphically. 

 

Figure 65: correlation between total LRSQ score and GP attendance rate at 34-months-old 
Figure 66: correlation between total LRSQ score and hospital attendance rate at 34-months-old 
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4.5.7 Questionnaire 7: 40-Months-Old 

4.5.7.1   Exposure to Risk Factors 

4.5.7.1.1    Nursery Attendance 

At 40-months-old, 89.8% (n = 193) of children attended nursery.  

4.5.7.1.2    Other Household Children 

64.2% (n = 138) of children lived with at least one other child at 40-months-old. 78.8% 

(n = 108) lived with only one other, 16.8% (n = 23) lived with two others, 2.9% (n = 4) 

lived with three others, 0.7% (n = 1) lived with four others, and 0.7% (n = 1) lived with 

five others. 

4.5.7.1.3    Bedroom Sharing 

At 40-months-old, 26.5% (n = 57) of children shared a bedroom. 26.3% (n = 15) shared 

with their parent(s), 80.7% (n = 46) shared with one other child, and 1.8% (n = 1) 

shared with more than one other child.  

4.5.7.1.4    ETS Exposure 

13.0% (n = 28) of children were exposed to ETS at 40-months-old. 7.1% (n = 2) were 

exposed to ETS from inside the home, 96.4% (n = 27) were exposed to ETS from 

outside of the home, 7.1% (n = 2) were exposed to ETS from inside the car, and 7.1%   

(n = 2) were exposed to ETS from within another location (e.g. work). 

At 40-months-old, the prevalence of ETS exposure amongst children in the LBBS was 

ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊŜƴǘ ǘƻ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǎƳƻƪƛƴƎ ƛƴ ŜƛǘƘŜǊ 9ƴƎƭŀƴŘ ό˔2 = 0.79,       

Ǉ Ґ лΦотΣ ŘŦ Ґ мύ ƻǊ [ƛǾŜǊǇƻƻƭ ό˔2 = 2.63, p = 0.11, df = 1) in 2016/17. 
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4.5.7.1.5    Family History of Atopy 

At 40-months-old, 52.6% (n = 113) 

of children had a family history of 

atopy. 

From those with a family history of 

atopy: 49.6% (n = 56) had an 

atopic mother, 45.1% (n = 51) had 

an atopic father, and 38.9%                  

(n = 44) had at least one atopic 

sibling. There was a family history 

of: asthma in 48.7% (n = 55) of 

these children, hay fever in 56.6% 

(n = 64), and eczema in 53.1%              

(n = 60). Figure 67 shows how 

familial atopy was inter-related at             

40-months-old. 

 

 

4.5.7.1.6    Co-Morbidities 

16.7% (n = 36) of the children had a co-morbid disease at 40-months-old. The 

respiratory system was the most common co-morbid system at this age, whilst eczema 

was the most common co-morbidity overall. Table 29 shows the co-morbidities seen at 

40-months-old ς as reported by parents, and grouped according to organ system. 

 

 

 

 

 

 

Figure 67: children with a family history of atopy, by relative(s) and disease(s), at 40-months-old   
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Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 12) 

Asthma 7 

Hay Fever 1 

Laryngomalacia 1 

Sleep Apnoea 1 

Viral-Induced Wheeze 1 

Cardiac 
(n = 3) 

Congenital Heart Disease 3 

Neurological 
(n = 4) 

Cerebral Palsy 1 

Epilepsy 1 

Hypotonia 1 

Spinal Muscular Atrophy 1 

Gastrointestinal 
(n = 1) 

¢ƻŘŘƭŜǊΩǎ 5ƛŀǊǊƘƻŜŀ 1 

Other 
(n = 23) 

Eczema 12 

Allergies 4 

Haemophilia 2 

Autism Spectrum Disorder 1 

Developmental Dysplasia of Hips 1 

5ƻǿƴΩǎ Syndrome (Trisomy 21) 1 

Tuberous Sclerosis 1 

±ƻƴ ²ƛƭƭŜōǊŀƴŘΩǎ 5ƛǎŜŀǎŜ 1 
Table 29: co-morbidities of the LBBS cohort at 40-months-old 

4.5.7.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 40-months-old are shown in Table 30. The distribution of scores are 

shown graphically in Figure 68. 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 3 7 14 67 11.13 12.35 

Domain 1 0 0 1 2 12 1.46 2.01 

Domain 2 0 1 2 3 13 2.45 2.52 

Domain 3 0 1 3 5 18 3.67 3.34 

Domain 4 0 0 0 1 12 0.67 1.43 

Domain 5 0 0 0 1 12 0.69 1.59 

Domain 6 0 0 0 0 10 0.39 1.23 

Domain 7 0 0 0 1 12 0.87 1.76 

Domain 8 0 1 2 4 11 2.93 2.48 
Table 30: descriptive statistics of the total and domain LRSQ scores at 40-months-old 
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Figure 68: distribution of total and domain LRSQ scores at 40-months-old 

4.5.7.2.1    Impact of Risk Factor Exposure on Total LRSQ Score  

Total LRSQ scores were higher amongst children who: were born at term (U = 1543,              

p = 0.050), attended nursery (U = 1332, p = 0.001), had a family history of atopy                    

(U = 4689, p = <0.001), or had a co-morbidity (U = 2202, p = <0.001). They were also 

higher amongst males (U = 5292, p = 0.010). 

There were differences in total LRSQ score between the different levels of deprivation 

(H = 12.86, p = 0.012, df = 4) and maternal age (H = 12.81, p = 0.002, df = 2). Post-hoc 

analysis revealed that children living in the second-most deprived IMD quintile scored 

lower, compared to those living in the most-deprived (p = 0.005) and second-least 

deprived (p = 0.017) quintiles. Children living in the third-most deprived quintile scored 

lower than those in the second-least deprived (p = 0.050) quintile. It also revealed that 
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ŎƘƛƭŘǊŜƴ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored lower, compared to children born 

to mothers aged less than 25-years-old (p = 0.013) or aged 25 to 34-years-old                      

(p = 0.001). 

4.5.7.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.7.2.2.1     Domain 1 

Domain 1 scores were higher amongst males (U = 5486, p = 0.024), and those whose 

mothers did not smoke during pregnancy (U = 1921, p = 0.034). They were also higher 

amongst children who: attended nursery (U = 1286, p = <0.001), had a co-morbidity                

(U = 2962, p = <0.001), or had a family history of atopy (U = 5037, p = 0.001). 

There were differences in domain 1 score amongst breastfed children, depending on 

how long they were breastfed for (H = 9.18, p = 0.010, df = 2). Post-hoc analysis 

revealed that children who were breastfed for less than 1 month scored lower, 

compared to those who were breastfed for 1-4 months (p = 0.011) or for more than 4 

months (p = 0.007). 

4.5.7.2.2.2     Domain 2 

Domain 2 scores were higher amongst children who: were exposed to ETS (U = 2740,               

p = 0.008), had a family history of atopy (U = 4872, p = <0.001), attended nursery (U = 

1316, p = 0.001), or had a co-morbidity (U = 2624, p = <0.001). 

There were differences in domain 2 score between the different levels of maternal age 

(H = 7.04, p = 0.030, df = 2). Post-hoc analysis revealed that children born to mothers 

ŀƎŜŘ җор-years-old scored lower, compared to children born to mothers aged less than 

25-years-old (p = 0.043) or aged 25 to 34-years-old (p = 0.026). 

4.5.7.2.2.3     Domain 3 

Domain 3 scores were higher amongst males (U = 4785, p = <0.001). They were also 

higher amongst children who: had a family history of atopy (U = 4902, p = 0.001), had a 

co-morbidity (U = 2443, p = <0.001), or attended nursery (U = 1514, p = 0.009). 

There were differences in domain 3 score between the different levels of deprivation 

(H = 12.29, p = 0.015, df = 4) and maternal age (H = 16.74, p = <0.001, df = 2). Post-hoc 

analysis revealed that chilldren living in the most-deprived IMD quintile scored higher 
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than those living in the second-most deprived quintile (p = 0.004). It also revealed that 

children ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored lower, compared to children born 

to mothers aged less than 25-years-old (p = 0.019) or aged 25 to 34-years-old                          

(p = <0.001). 

4.5.7.2.2.4     Domain 4 

Domain 4 scores were higher amongst the children with: a family history of atopy                

(U = 5225, p = 0.001), or a co-morbidity (U = 2990, p = <0.001). 

There were differences in domain 4 score between the different levels of maternal age 

(H = 7.21, p = 0.027, df = 2). Post-hoc analysis revealed that children born to mothers 

ŀƎŜŘ җор-years-old scored lower, compared to children born to mothers aged less than 

25-years-old (p = 0.008) or aged 25 to 34-years-old (p = 0.035). 

4.5.7.2.2.5     Domain 5 

Domain 5 scores were higher amongst children who: had a family history of atopy                 

(U = 5130, p = 0.001), had a co-morbidity (U = 2648, p = <0.001), or were not breastfed 

(U = 4505, p = 0.047).  

There were differences in domain 5 score between the different levels of maternal age 

(H = 8.73, p = 0.013, df = 2). Post-hoc analysis revealed that children born to mothers 

ŀƎŜŘ җор-years-old scored lower than children born to mothers aged less than                    

25-years-old (p = 0.007). 

4.5.7.2.2.6     Domain 6 

Domain 6 scores were higher amongst children who: shared a bedroom (U = 4648,               

p = 0.010), had a co-morbidity (U = 3427, p = 0.001), or were not breastfed (U = 4392, 

p = 0.005). They were also higher amongst those whose mother smoked during 

pregnancy (U = 2135, p = 0.049).  

4.5.7.2.2.7     Domain 7 

Domain 7 scores were higher amongst children who: attended nursery (U = 1660,                 

p = 0.015), or had a co-morbidity (U = 2974, p = <0.001). 

There were differences in domain 7 score between the different levels of maternal age 

(H = 10.46, p = 0.005, df = 2). Post-hoc analysis revealed that children born to mothers 
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ŀƎŜŘ җор-years-old scored lower, compared to children born to mothers aged less than 

25-years-old (p = 0.031) or aged 25 to 34-years-old (p = <0.001). 

4.5.7.2.2.8     Domain 8 

Domain 8 scores were higher amongst children who were: male (U = 5370, p = 0.015), 

born at term (U = 1437, p = 0.018), exposed to ETS (U = 2635, p = 0.004), or not 

breastfed (U = 4370, p = 0.045). They were also higher amongst children whose 

mothers smoked during pregnancy (U = 1673, p = 0.004), or were exposed to ETS 

during pregnancy (U = 3098, p = 0.018). Nursery attendance (U = 1593, p = 0.018), 

having a co-morbidity (U = 2288, p = <0.001), or having a family history of atopy                        

(U = 5112, p = 0.003) resulted in higher domain 8 scores too. 

There were differences in domain 8 score between the different levels of deprivation 

(H = 11.01, p = 0.026, df = 4) and maternal age (H = 14.73, p = 0.001, df = 2). Post-hoc 

analysis revealed that children living in the most-deprived IMD quintile scored higher 

than those living in the second-most deprived quintile (p = 0.002). It also revealed that 

children ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored lower, compared to children born 

to mothers aged less than 25-years-old (p = 0.031) or aged 25 to 34-years-old                           

(p = <0.001). 

4.5.7.2.3    Total LRSQ Score vs Total QoL Score 

¢ƘŜǊŜ ǿŀǎ ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ ŎƘƛƭŘΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ 

total QoL score (rs = 0.907, p = <0.001). Figure 69 shows the correlation graphically. A 

higher total LRSQ score is more strongly correlated with a poor QoL for parents, than 

with a poor QoL for children (rs = 0.805, p = <0.001 vs rs = 0.745, p = <0.001). Children 

who regularly suffer with respiratory symptoms, and their parents, therefore 

experience a worse QoL. 
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Figure 69: correlation between total LRSQ score and total QoL score at 40-months-old 

4.5.7.3   Symptom Prevalence 

92.6% (n = 199) of children experienced at least one type of respiratory symptom at 

40-months-old. A cold was the most common symptom, as it was experienced by 

умΦф҈ όƴ Ґ мтсύ ƻŦ ŎƘƛƭŘǊŜƴΤ ǘŀŎƘȅǇƴƻŜŀ ŀƴŘ ƴƻƛǎȅ ōǊŜŀǘƘƛƴƎ ǘƘŀǘ ŘƛŘƴΩǘ ŎƻƳŜ ŦǊƻƳ ǘƘŜ 

chest were the least common symptoms, as they were both experienced by 7.4%            

(n = 16) of children. Figure 70 demonstrates the prevalence of individual symptoms. 

 

Figure 70: prevalence of respiratory symptoms at 40-months-old 
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4.5.7.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.7.3.1.1     Colds 

Colds were more likely amongst: children whose mother was exposed to ETS during 

pregnancy (OR = 8.24, 95% CI = 1.12 ς 60.55), males (OR = 2.35, 95% CI = 1.04 ς 5.27), 

singletons (OR = 15.74, 95% CI = 1.87 ς 132.26), and children born at term (OR = 4.33, 

95% CI = 1.49 ς 12.59). Colds were more likely amongst children who were born to 

mothers aged 25 to 35-years-old, compared to those born to mothers aged more than 

35-years-old (OR = 4.68, 95% CI = 1.89 - 11.63). Children who were breastfed for more 

than 4 months were also more likely to have colds, compared to those who were 

breastfed for less than 1 month (OR = 3.15, 95% CI = 1.22 - 8.14). 

4.5.7.3.1.2     Coughing 

Coughing was more likely amongst: males (OR = 3.69, 95% CI = 1.62 ς 8.41), children 

born at term (OR = 2.98, 95% CI = 1.02 ς 8.70), and children who attended nursery    

(OR = 3.38, 95% CI = 1.26 ς 9.05). Coughing was also more likely amongst children who 

were born to mothers aged 25 to 34-years-old, compared to those born to mothers 

aged more than 35-years-old (OR = 2.30, 95% CI = 1.07 ς 4.92). 

4.5.7.3.1.3     No Symptoms 

Being asymptomatic was more likely amongst: Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ children (OR = 5.26, 

95% CI = 1.31 ς 21.07), and twins (OR = 16.84, 95% CI = 2.33 ς 121.77). Being 

asymptomatic was more likely amongst children who were born to mothers aged 25 to 

34-years-old, compared to those born to mothers aged more than 35-years-old                   

(OR = 4.68, 95% CI = 1.89 ς 11.63). Children who were breastfed for less than 1 month 

were also more likely to be asymptomatic, compared to those who were breastfed for 

more than 4 months (OR = 5.21, 95% CI = 1.21 - 22.37). 

4.5.7.3.1.4     Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst children who shared a 

bedroom (OR = 2.89, 95% CI = 1.22 ς 6.82), and children who were not breastfed                

(OR = 2.63, 95% CI = 1.11 ς 6.27). 
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4.5.7.3.1.5     Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst children 

who had a co-morbidity (OR = 6.39, 95% CI = 2.45 - 16.69), and children who were not 

breastfed (OR = 2.95, 95% CI = 1.16 - 7.54). 

4.5.7.3.1.6     Rattly Chest 

Rattly chests were more likely amongst: males (OR = 2.26, 95% CI = 1.25 - 4.07), 

children with a family history of atopy (OR = 2.43, 95% CI = 1.33 - 4.45), children who 

attended nursery (OR = 5.99, 95% CI = 1.14 - 31.57), and children with a co-morbidity 

(OR = 3.66, 95% CI = 1.84 - 7.28). 

4.5.7.3.1.7      Shortness of Breath 

SOB was more likely amongst children who were not breastfed (OR = 2.28, 95%            

CI = 1.17 ς 4.44), and children with a co-morbidity (OR = 4.41, 95% CI = 2.17 ς 8.94). 

SOB was more likely amongst children who were born to mothers aged 25 to               

34-years-old, compared to those born to mothers aged more than 35-years-old                        

(OR = 3.05, 95% CI = 1.26 - 7.41). Children who were breastfed for 1-4 months were 

also more likely to have SOB, compared to those who were breastfed for less than 1 

month (OR = 4.45, 95% CI = 1.26 - 15.75). 

4.5.7.3.1.8     Snoring 

Snoring was more likely amongst children whose mothers were exposed to ETS during 

pregnancy (OR = 3.20, 95% CI = 1.42 ς 7.23), and children who were exposed to ETS 

(OR = 4.64, 95% CI = 1.80 ς 11.96). 

4.5.7.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst children who were not breastfed (OR = 3.76, 95% 

CI = 1.40 ς 10.07), and children with a co-morbidity (OR = 4.33, 95% CI = 1.60 ς 11.73). 

Tachypnoea was also more likely amongst children with school-educated mothers, 

compared to those with degree-educated mothers (OR = 5.48, 95% CI = 1.79 - 16.79). 

4.5.7.3.1.10       Wheezing 

Wheezing was more likely amongst children with a family history of atopy (OR = 2.29, 

95% CI = 1.26 ς 4.17), and children with a co-morbidity (OR = 5.47, 95%                                     

CI = 2.70 ς 11.10). Wheezing was more likely amongst children who were born to 
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mothers aged 25 to 34-years-old, compared to those born to mothers aged more than 

35-years-old (OR = 2.94, 95% CI = 1.36 - 6.33). Children who were breastfed for 1-4 

months were also more likely to wheeze, compared to those who were breastfed for 

less than 1 month (OR = 2.82, 95% CI = 1.02 - 7.85) or for more than 4 months                    

(OR = 2.55, 95% CI = 1.05 - 6.22). Children who wheezed, were more likely to be 

deprived too ς since children became 1.15 times less likely to wheeze for every 

increase in IMD decile (OR = 1.15, 95% CI = 1.0 - 1.33). 

 

 

4.5.7.4   Healthcare Service Usage 

At 40-months-old, 11.6% (n = 25) of children were taken to their GP for a respiratory 

problem. Of these children: 64.0% (n = 16) visited once, 24.0% (n = 6) visited twice, 

8.0% (n = 2) visited thrice, and 4.0% (n = 1) visited five times. 5.1% (n = 11) of children 

were taken to hospital for a respiratory problem. 81.8% (n = 9) of these children visited 

once, 9.1% (n = 1) visited twice, and 9.1% (n = 1) visited thrice. Figure 71 presents GP 

and hospital attendance rates graphically. 

 

Figure 71: GP and hospital attendance rates at 40-months-old 

4.5.7.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.7.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst children with a                        

co-morbidity (OR = 3.61, 95% CI = 1.57 - 8.29). GP visitation was more likely amongst 
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children who were born to mothers aged less than 25-years-old, compared to those 

born to mothers aged 25 to 34-years-old (OR = 4.49, 95% CI = 1.07 - 18.79). Children 

who were breastfed for 1-4 months were also more likely to visit a GP, compared to 

those who were breastfed for less than 1 month (OR = 16.45, 95% CI = 2.54 - 106.40) 

or more than 4 months (OR = 3.63, 95% CI = 1.32 - 9.94). 

4.5.7.4.1.2     Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst females       

(OR = 4.19, 95% CI = 1.06 - 16.61), and children with a co-morbidity (OR = 6.37, 95%     

CI = 2.09 - 19.39). 

4.5.7.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 40-months-old, there was a moderate correlation between total LRSQ score and GP 

attendance rate (rs = 0.526, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.342, p = <0.001). These results suggest 

the children with the most severe respiratory disease, are not necessarily the ones 

who are more likely to seek medical assistance. Figures 72 and 73 show the 

correlations graphically. 

 

Figure 72: correlation between total LRSQ score and GP attendance rate at 40-months-old 
Figure 73: correlation between total LRSQ score and hospital attendance rate at 40-months-old 
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4.5.8 Questionnaire 8: 46-Months-Old 

4.5.8.1   Exposure to Risk Factors 

4.5.8.1.1    Nursery Attendance 

At 46-months-old, 98.4% (n = 246) of children attended nursery.  

4.5.8.1.2    Other Household Children 

68.8% (n = 155) of children lived with at least one other child at 46-months-old. 73.8% 

(n = 127) lived with only one other, 21.5% (n = 37) lived with two others, 4.1% (n = 7) 

lived with three others, and 0.6% (n = 1) lived with four others. 

4.5.8.1.3    Bedroom Sharing 

At 46-months-old, 32.4% (n = 81) of children shared a bedroom. 33.3% (n = 27) shared 

with their parent(s), 71.6% (n = 58) shared with one other child, and 2.5% (n = 2) 

shared with more than one other child.  

4.5.8.1.4    ETS Exposure 

16.4% (n = 41) of children were exposed to ETS at 46-months-old. 2.4% (n = 1) were 

exposed to ETS from inside the home, 97.6% (n = 40) were exposed to ETS from 

outside of the home, 4.9% (n = 2) were exposed to ETS from inside the car, and 7.3%  

(n = 3) were exposed to ETS from within another location (e.g. work). 

At 46-months-old, the prevalence of ETS exposure amongst children in the LBBS was 

ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊŜƴǘ ǘƻ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǎƳƻƪƛƴƎ ƛƴ ŜƛǘƘŜǊ 9ƴƎƭŀƴŘ ό˔2 = 0.61,        

Ǉ Ґ лΦпоΣ ŘŦ Ґ мύ ƻǊ [ƛǾŜǊǇƻƻƭ ό˔2 = 0.33, p = 0.57, df = 1) in 2017/18.  
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4.5.8.1.5    Family History of Atopy 

At 46-months-old, 50.0% (n = 125) 

of children had a family history of 

atopy. 

From those with a family history of 

atopy: 53.6% (n = 67) had an 

atopic mother, 43.2% (n = 54) had 

an atopic father, and 44.8%                     

(n = 56) had at least one atopic 

sibling. There was a family history 

of: asthma in 43.2% (n = 54) of 

these children, hay fever in 56.0% 

(n = 70), and eczema in 54.4%            

(n = 68). Figure 74 shows how 

familial atopy was inter-related at             

46-months-old. 

 

 

 

4.5.8.1.6    Co-Morbidities 

15.6% (n = 39) of the children had a co-morbid disease at 46-months-old. The 

respiratory system was the most common co-morbid system at this age, whilst asthma 

and eczema were the most common co-morbidities overall. Table 31 shows the             

co-morbidities seen at 46-months-old ς as reported by parents, and grouped according 

to organ system. 

 

 

 

 

 

 

Figure 74: children with a family history of atopy, by relative(s) and disease(s), at 46-months-old   
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Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 14) 

Asthma 9 

Viral-Induced Wheeze 3 

Cardiac 
(n = 1) 

Congenital Heart Disease 1 

Renal 
(n = 1) 

Vesicoureteral Reflux 1 

Neurological 
(n = 5) 

3rd Nerve Palsy 1 

Brain Tumour 1 

Hydrocephalus 1 

ά{ŜƛȊǳǊŜǎέ 1 

Spinal Muscular Atrophy 1 

Other 
(n = 24) 

Eczema 9 

Allergies 6 

Autism Spectrum Disorder 2 

Developmental Dysplasia of Hips 1 

5ƻǿƴΩǎ {ȅƴŘǊƻƳŜ ό¢ǊƛǎƻƳȅ нмύ 1 

Glue Ear 1 

Haemophilia  1 

ά/ƻƳǇƭƛŎŀǘƛƻƴǎ ŦǊƻƳ aŀǎǘƻƛŘƛǘƛǎέ 1 

Tuberous Sclerosis 1 
Table 31: co-morbidities of the LBBS cohort at 46-months-old 

4.5.8.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 46-months-old are shown in Table 32. The distribution of scores are 

shown graphically in Figure 75. 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 4 8 16 97 12.62 13.78 

Domain 1 0 0 1 2 13 1.75 2.12 

Domain 2 0 1 2 4 16 2.69 2.67 

Domain 3 0 2 3 6 19 3.94 3.44 

Domain 4 0 0 0 1 11 0.70 1.53 

Domain 5 0 0 0 1 16 0.86 1.99 

Domain 6 0 0 0 0 10 0.58 1.56 

Domain 7 0 0 0 1 12 0.96 1.75 

Domain 8 0 1 3 4 13 3.18 2.51 
Table 32: descriptive statistics of the total and domain LRSQ scores at 46-months-old 
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Figure 75: distribution of total and domain LRSQ scores at 46-months-old 

4.5.8.2.1    Impact of Risk Factor Exposure on Total LRSQ Score  

Total LRSQ scores were higher amongst children who were born prematurely                         

(U = 2375, p = 0.006), or had a co-morbidity (U = 2958, p = <0.001).  

4.5.8.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.8.2.2.1     Domain 1 

Domain 1 scores were higher amongst children who: had a co-morbidity (U = 3426,                  

p = <0.001), or were born prematurely (U = 2388, p = 0.005). 

There were differences in domain 1 score between the different levels of maternal 

education (H = 6.01, p = 0.050, df = 2) and deprivation (H = 11.55, p = 0.021, df = 4). 

Post-hoc analysis revealed that children with a degree-educated mother scored lower, 

compared to those with a school (p = 0.036) or vocationally-educated mother                    
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(p = 0.014). It also revealed that children living in the third-most deprived IMD quintile 

scored lower, compared to those living in the most-deprived (p = 0.046),                            

least-deprived (p = 0.038) and the second-least deprived (p = 0.003) quintiles. Children 

living in the second-least deprived IMD quintile scored higher than those living in the 

second-most deprived quintile (p = 0.030). 

4.5.8.2.2.2     Domain 2 

Domain 2 scores were higher amongst children who: had a family history of atopy                 

(U = 10773, p = 0.008), were born prematurely (U = 2248, p = 0.002), or had a co-

morbidity (U = 4065, p = <0.001). 

There were differences in domain 2 score between the different levels of maternal age 

(H = 13.25, p = 0.001, df = 2). Post-hoc analysis revealed that children born to mothers 

aged less than 25-years-old scored higher, compared to children born to mothers aged 

җор-years-old (p = <0.001) and mothers aged 25 to 34-years-old (p = 0.001). 

4.5.8.2.2.3     Domain 3 

Domain 3 scores were higher amongst children who were born prematurely (U = 2468, 

p = 0.011), or male (U = 11127, p = 0.029). They were also higher amongst those who: 

attended nursery (U = 385, p = 0.046), or had a co-morbidity (U = 3865, p = <0.001). 

4.5.8.2.2.4     Domain 4 

Domain 4 scores were higher amongst children with a family history of atopy                         

(U = 11574, p = 0.047), or a co-morbidity (U = 3743, p = <0.001). They were also higher 

amongst males (U = 11402, p = 0.026), those who were not breastfed (U = 9270,                     

p = 0.027), and children whose mothers did not smoke during pregnancy (U = 9270,             

p = 0.009). 

4.5.8.2.2.5     Domain 5 

Domain 5 scores were higher amongst children who were: male (U = 10324,                            

p = <0.001), a twin (U = 780, p = 0.029), or suffering from a co-morbidity  (U = 3122,               

p = <0.001). They were also higher amongst children with a family history of atopy             

(U = 11304, p = 0.018), or whose mothers did not smoke during pregnancy (U = 2978,  

p = 0.048). 
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There were differences in domain 5 score between the different levels of maternal age 

(H = 11.35, p = 0.003, df = 2). Post-hoc analysis revealed that children born to mothers 

aged less than 25-years-old scored higher, compared to children born to mothers aged 

җор-years-old (p = 0.001) and mothers aged 25 to 34-years-old (p = 0.022). 

4.5.8.2.2.6     Domain 6 

Domain 6 scores were higher amongst children with a co-morbidity (U = 4560,                      

p = <0.001). 

4.5.8.2.2.7     Domain 7 

Domain 7 scores were higher amongst children who were born: prematurely                           

ό¦ Ґ нпмлΣ Ǉ Ґ лΦллнύΣ ŀǎ ŀ ǘǿƛƴ ό¦ Ґ тфуΣ Ǉ Ґ лΦлпнύΣ ƻǊ ŀǘ ŀ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ό¦ Ґ мсснΣ 

p = 0.035). They were also higher amongst those who: did not share a bedroom                     

(U = 10119, p = 0.020), or had a co-morbidity (U = 4528, p = <0.001).  

There were differences in domain 7 score between the different levels of deprivation 

(H = 12.77, p = 0.012, df = 4). Post-hoc analysis revealed that children living in the 

third-most deprived IMD quintile scored lower, compared to those living in the                 

most-deprived (p = 0.002), second-most deprived (p = 0.028), least-deprived                         

(p = 0.012) and the second-least deprived (p = 0.010) quintiles.  

4.5.8.2.2.8     Domain 8 

Domain 8 scores were higher amongst children who: had a family history of atopy                  

(U = 11145, p = 0.029), had a co-morbidity (U = 4167, p = <0.001), or were born 

prematurely (U = 2243, p = 0.002). They were also higher amongst males (U = 11186,                  

p = 0.034). 

There were differences in domain 8 score between the different levels of maternal age 

(H = 8.56, p = 0.014, df = 2). Post-hoc analysis revealed that children born to mothers 

aged less than 25-years-old scored higher, compared to children born to mothers aged 

җор-years-old (p = 0.003) and mothers aged 25 to 34-years-old (p = 0.013). 

4.5.8.2.3    Total LRSQ Score vs Total QoL Score 

There was a strong poǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ ŎƘƛƭŘΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ 

total QoL score (rs = 0.889, p = <0.001). Figure 76 shows the correlation graphically. A 

higher total LRSQ score is more strongly correlated with a poor QoL for parents, than 
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with a poor QoL for children (rs = 0.802, p = <0.001 vs rs = 0.745, p = <0.001). Children 

who regularly suffer with respiratory symptoms, and their parents, therefore 

experience a worse QoL. 

 

Figure 76: correlation between total LRSQ score and total QoL score at 46-months-old 

 

4.5.8.3   Symptom Prevalence 

93.2% (n = 233) of children experienced at least one type of respiratory symptom at 

46-months-old. A cold was the most common symptom, as it was experienced by 

84.0% (n = 210) of children; tachypnoea was the least common symptom, as it was 

experienced by 9.6% (n = 24) of children. Figure 77 demonstrates the prevalence of 

individual symptoms. 
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Figure 77: prevalence of respiratory symptoms at 46-months-old 

4.5.8.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.8.3.1.1     Colds 

Colds were more likely amongst males (OR = 2.08, 95% CI = 1.07 ς 4.04). Colds were 

more likely amongst children with school-educated mothers, compared to those with 

degree-educated mothers (OR = 4.00, 95% CI = 1.24 - 12.90). Children who were born 

to a mother aged more than 35-years-old were also more likely to have colds, 

compared to those born to mothers aged less than 25-years-old (OR = 3.57, 95%                   

CI = 1.17 ς 10.94) 

4.5.8.3.1.2     Coughing 

Coughing was more likely amongst males (OR = 2.26, 95% CI = 1.19 ς 4.28), and 

children with a co-morbidity (OR = 12.42, 95% CI = 1.55 ς 99.55). 

4.5.8.3.1.3     No Symptoms 

Being asymptomatic was more likely amongst males (OR = 3.09, 95% CI = 1.04 ς 9.21). 

4.5.8.3.1.4     Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst children with a co-morbidity 

(OR = 5.22, 95% CI = 2.44 - 11.19). Noisy breathing from the throat was also more likely 
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amongst children who were born to mothers aged less than 25-years-old, compared to 

those born to mothers aged more than 35-years-old (OR = 4.67, 95% CI = 1.21 - 18.01). 

4.5.8.3.1.5     Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst children 

with a co-morbidity (OR = 6.02, 95% CI = 2.50 ς 14.49). Noisy breathing that did not 

come from the chest was also more likely amongst children who were born to mothers 

aged less than 25-years-old, compared to those born to mothers aged more than                     

35-years-old (OR = 5.99, 95% CI = 1.26 - 28.40). 

4.5.8.3.1.6     Rattly Chest 

Rattly chests were more likely amongst: non-Caucasian children (OR = 3.56, 95%                   

CI = 1.04 - 12.20), premature children (OR = 3.17, 95% CI = 1.21 - 8.33), children with a 

co-morbidity (OR = 3.08, 95% CI = 1.53 - 6.20), and children who were not breastfed 

(OR = 1.96, 95% CI = 1.04 - 3.69).  

4.5.8.3.1.7      Shortness of Breath 

SOB was more likely amongst: males (OR = 3.19, 95% CI = 1.63 ς 6.23), premature 

children (OR = 3.93, 95% CI = 1.49 ς 10.39), children with a co-morbidity (OR = 13.40, 

95% CI = 6.15 ς 29.22), and children with a family history of atopy (OR = 2.33, 95%         

CI = 1.26 ς 4.42). SOB was also more likely amongst children who were born to 

mothers aged less than 25-years-old or 25 to 34-years-old, compared to those born to 

mothers aged or more than 35-years-old (OR = 8.70, 95% CI = 2.49 - 30.47 and OR = 

3.22, 95% CI = 1.22 - 8.49) 

4.5.8.3.1.8     Snoring 

Snoring was more likely amongst premature children (OR = 6.32, 95% CI = 1.30 ς 30.68). 

4.5.8.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst children with a co-morbidity (OR = 7.22, 95%           

CI = 3.06 ς 17.00), premature children (OR = 3.97, 95% CI = 1.33 ς 11.89), and children 

with a family history of atopy (OR = 2.98, 95% CI = 1.21 ς 7.34). 

4.5.8.3.1.10       Wheezing 

Wheezing was more likely amongst children who did not share a bedroom (OR = 1.96, 

95% CI = 1.02 ς 3.74), and children with a co-morbidity (OR = 6.21, 95%                                    
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CI = 3.18 - 13.73). Children born to mothers aged less than 25-years-old were also 

more likely to wheeze, compared to those born to mothers aged 25 to 34-years-old 

(OR = 3.11, 95% CI = 1.15 - 8.38) or more than 35-years-old (OR = 4.63, 95%                    

CI = 1.53 - 13.99). 

4.5.8.4   Healthcare Service Usage 

At 46-months-old, 18.8% (n = 47) of children were taken to their GP for a respiratory 

problem. Of these children: 74.5% (n = 35) visited once, 12.8% (n = 6) visited twice, 

4.3% (n = 2) visited thrice, 4.3% (n = 2) visited four times, and 4.3% (n = 2) visited five 

times. 5.6% (n = 14) of children were taken to hospital for a respiratory problem. 

92.9% (n = 13) of these children visited once, and 7.1% (n = 1) visited four times. Figure 

78 presents GP and hospital attendance rates graphically. 

 

Figure 78: GP and hospital attendance rates at 46-months-old 

4.5.8.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.8.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst children with a                           

co-morbidity (OR = 4.01, 95% CI = 1.91 - 8.43). GP visitation was more likely amongst 

children with vocationally-educated mothers, compared to those with                                     

degree-educated mothers (OR = 2.33, 95% CI = 1.07 - 5.08). Children born to mothers 

aged less than 25-years-old were also more likely to visit a GP, compared to those born 

to mothers aged more than 35-years-old (OR = 8.25, 95% CI = 1.23 - 55.56). 
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4.5.8.4.1.2     Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst children with a            

co-morbidity (OR = 6.55, 95% CI = 2.30 - 18.67). 

4.5.8.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 46-months-old, there was a moderate correlation between total LRSQ score and GP 

attendance rate (rs = 0.558, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.382, p = <0.001). These results suggest 

the children with the most severe respiratory disease, are not necessarily the ones 

who are more likely to seek medical assistance. Figures 79 and 80 show the 

correlations graphically. 

 

Figure 79: correlation between total LRSQ score and GP attendance rate at 46-months-old 
Figure 80: correlation between total LRSQ score and hospital attendance rate at 46-months-old 
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4.5.9 Questionnaire 9: 52-Months-Old 

4.5.9.1   Exposure to Risk Factors 

4.5.9.1.1    Nursery Attendance 

At 52-months-old, 84.5% (n = 180) of children attended nursery. It is worth noting, that 

several children were in school at this timepoint.  

4.5.9.1.2    Other Household Children 

72.8% (n = 155) of children lived with at least one other child at 52-months-old.  74.0% 

(n = 114) lived with only one other, 22.7% (n = 35) lived with two others, 2.6% (n = 4) 

lived with three others, and 0.6% (n = 1) lived with four others. 

4.5.9.1.3    Bedroom Sharing 

At 52-months-old, 31.5% (n = 67) of children shared a bedroom. 19.4% (n = 13) shared 

with their parent(s), 83.6% (n = 56) shared with one other child, and 1.5% (n = 1) 

shared with someone else.  

4.5.9.1.4    ETS Exposure 

13.1% (n = 28) of children were exposed to ETS at 52-months-old. 100.0% (n = 28) were 

exposed to ETS from outside of the home, 7.1% (n = 2) were exposed to ETS from 

inside the car, and 7.1% (n = 2) were exposed to ETS from within another location (e.g. 

work). 

At 52-months-old, the prevalence of ETS exposure amongst children in the LBBS was 

ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊŜƴǘ ǘƻ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǎƳƻƪƛƴƎ ƛƴ ŜƛǘƘŜǊ 9ƴƎƭŀƴŘ ό˔2 = 0.38,       

Ǉ Ґ лΦрпΣ ŘŦ Ґ мύ ƻǊ [ƛǾŜǊǇƻƻƭ ό˔2 = 0.63, p = 0.43, df = 1) in 2017/18.  
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4.5.9.1.5    Family History of Atopy 

At 52-months-old, 48.4% (n = 103) 

of children had a family history of 

atopy. 

From those with a family history of 

atopy: 54.4% (n = 56) had an 

atopic mother, 49.5% (n = 51) had 

an atopic father, and 36.9%               

(n = 38) had at least one atopic 

sibling. There was a family history 

of: asthma in 45.6% (n = 47) of 

these children, hay fever in 60.2% 

(n = 62), and eczema in 46.6%           

(n = 48). Figure 81 shows how 

familial atopy was inter-related at             

52-months-old. 

 

 

4.5.9.1.6    Co-Morbidities 

16.0% (n = 34) of the children had a co-morbid disease at 52-months-old. The 

respiratory system was the most common co-morbid system at this age, whilst asthma 

was the most common co-morbidity overall. Table 33 shows the co-morbidities seen at 

52-months-old ς as reported by parents, and grouped according to organ system. 

 

 

 

 

 

 

Figure 81: children with a family history of atopy, by relative(s) and disease(s), at 52-months-old   
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Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 15) 

Asthma 14 

Hay Fever 1 

Cardiac 
(n = 1) 

Congenital Heart Disease 1 

Renal 
(n = 1) 

Vesicoureteral Reflux 1 

Neurological 
(n = 3) 

.ǊƻǿƴΩǎ {ȅƴŘǊƻƳŜ 1 

Cerebral Palsy 1 

Spinal Muscular Atrophy 1 

Diabetes 
(n = 1) 

Diabetes 1 

Other 
(n = 21) 

Allergies 6 

Eczema 5 

Autism Spectrum Disorder 2 

Haemophilia 2 

Developmental Dysplasia of Hips 1 

5ƻǿƴΩǎ {ȅƴŘǊƻƳŜ ό¢ǊƛǎƻƳȅ нмύ 1 

Glue Ear 1 

άLƴŀōƛƭƛǘȅ ǘƻ {ǘƻǊŜ LǊƻƴέ 1 

Pectus Carinatum 1 

Sensory Processing Disorder 1 
Table 33: co-morbidities of the LBBS cohort at 52-months-old 

4.5.9.2   LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 52-months-old are shown in Table 34. The distribution of scores are 

shown graphically in Figure 82. 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 2 7 14.5 101 12.15 15.27 

Domain 1 0 0 1 2 12 1.68 2.16 

Domain 2 0 1 2 4 16 2.57 2.76 

Domain 3 0 1 3 5 19 3.44 3.49 

Domain 4 0 0 0 1 12 0.94 1.76 

Domain 5 0 0 0 1 11 0.87 1.74 

Domain 6 0 0 0 0 9 0.51 1.38 

Domain 7 0 0 0 1 11 1.04 1.94 

Domain 8 0 1 2 4 11 2.81 2.45 
Table 34: descriptive statistics of the total and domain LRSQ scores at 52-months-old 
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Figure 82: distribution of total and domain LRSQ scores at 52-months-old 

4.5.9.2.1    Impact of Risk Factor Exposure on Total LRSQ Score  

Total LRSQ scores were higher amongst children who had been exposed to ETS                  

(U = 2497, p = 0.001), or whose mothers had been exposed to ETS during pregnancy                 

(U = 2915, p = 0.048). They were also higher amongst children who were: male                       

ό¦ Ґ птснΣ Ǉ Ґ лΦллмύΣ ƻǊ ōƻǊƴ ŀǘ ŀ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ ό¦ Ґ тлуΣ Ǉ Ґ лΦлнпύΦ /ƘƛƭŘǊŜƴ 

with a co-morbidity (U = 1476, p = <0.001), or a family history of atopy (U = 4873,                

p = 0.002) had higher total LRSQ scores too. 

There were differences in total LRSQ score between the different levels of maternal 

education (H = 9.93, p = 0.007, df = 2) and maternal age (H = 7.72, p = 0.021, df = 2). 

Post-hoc analysis revealed that children with a degree-educated mother scored lower 

than those with a school-educated mother (p = 0.002). It also revealed that children 
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born to mothers aged less than 25-years-old scored higher than those born to mothers 

ŀƎŜŘ җор-years-old (p = 0.007). 

4.5.9.2.2    Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.9.2.2.1     Domain 1 

Domain 1 scores were higher amongst children who were: exposed to ETS (U = 2930,             

Ǉ Ґ лΦлнфύΣ ōƻǊƴ ŀǘ ŀ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ ό¦ Ґ ттлΣ Ǉ Ґ 0.043), a singleton birth                    

(U = 519, p = 0.044), or male (U = 5033, p = 0.005). They were also higher amongst 

children with a family history of atopy (U = 4814, p = 0.001), or with a co-morbidity              

(U = 1527, p = <0.001). 

There were differences in domain 1 score between the different levels of maternal age 

(H = 6.67, p = 0.036, df = 2). Post-hoc analysis revealed that children born to mothers 

aged less than 25-years-old scored higher than children born to mothers aged                      

җор-years-old (p = 0.015). 

4.5.9.2.2.2     Domain 2 

Domain 2 scores were higher amongst males (U = 5202, p = 0.015), as well as those 

with a co-morbidity (U = 1599, p = <0.001) or a family history of atopy (U = 5395,                         

p = 0.046). They were also higher amongst children who had been exposed to ETS               

(U = 2730, p = 0.007), or whose mothers had been exposed to ETS during pregnancy            

(U = 2753, p = 0.015). 

There were differences in domain 2 score between the different levels of maternal 

education (H = 7.69, p = 0.021, df = 2) and maternal age (H = 7.16, p = 0.028, df = 2). 

Post-hoc analysis revealed that children with degree-educated mother scored lower 

than those with a school-educated mother (p = 0.006). It also revealed that children 

born to mothers aged less than 25-years-old scored higher than children born to 

ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old (p = 0.008). 

4.5.9.2.2.3     Domain 3 

Domain 3 scores were higher amongst children who had been exposed to ETS                            

(U = 2924, p = 0.032), or whose mothers smoked during pregnancy (U = 1809,                             

p = 0.021). They were also higher amongst children who: had a family history of atopy 
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(U = 4634, p = <0.001), had a co-morbidity (U = 1734, p = <0.001), were male                           

ό¦ Ґ птупΣ Ǉ Ґ лΦллмύΣ ƻǊ ǿŜǊŜ ōƻǊƴ ŀǘ ŀ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎƘǘ ό¦ Ґ сонΣ Ǉ Ґ лΦллуύΦ 

There were differences in domain 3 score between the different levels of maternal age 

(H = 6.63, p = 0.036, df = 2). Post-hoc analysis revealed that children born to mothers 

aged less than 25-years-old scored higher than children born to mothers aged                 

җор-years-old (p = 0.012). 

4.5.9.2.2.4     Domain 4 

Domain 4 scores were higher amongst children with a co-morbidity (U = 2129,                         

p = <0.001) or a family history of atopy (U = 4902, p = 0.001). 

There were differences in domain 4 score between the different levels of maternal age 

(H = 6.72, p = 0.035, df = 2). Post-hoc analysis revealed that children born to mothers 

aged less than 25-years-old scored higher than children born to mothers aged                    

җор-years-old (p = 0.010). 

4.5.9.2.2.5     Domain 5 

Domain 5 scores were higher amongst children who were: male (U = 5266, p = 0.009), 

Caucasian (U = 832, p = 0.005), or exposed to ETS (U = 2971, p = 0.021). They were also 

higher amongst children with a family history of atopy (U = 4978, p = 0.001), or a                  

co-morbidity (U = 2079, p = <0.001). 

There were differences in domain 5 score between the different levels of maternal 

education (H = 9.54, p = 0.008, df = 2) and maternal age (H = 7.34, p = 0.025, df = 2). 

Post-hoc analysis revealed that children with a school-educated mother scored higher, 

compared to those with a vocationally (p = 0.027) or degree-educated mother                     

όǇ Ґ лΦлмнύΦ Lǘ ŀƭǎƻ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ŎƘƛƭŘǊŜƴ ōƻǊƴ ǘƻ ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old scored 

lower, compared to children born to mothers aged less than 25-years-old (p = 0.011) 

or aged 25 to 34-years-old (p = 0.011). 

4.5.9.2.2.6     Domain 6 

Domain 6 scores were higher amongst children who did not attend nursery (U = 2154, 

p = 0.017) or live with other children (U = 4248, p = 0.010). They were also higher 

amongst children with a co-morbidity (U = 1793, p = <0.001). 
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4.5.9.2.2.7     Domain 7 

Domain 7 scores were higher amongst children who: were born at a normal 

ΨōƛǊǘƘǿŜƛƎƘǘΩ ό¦ Ґ тфпΣ Ǉ Ґ лΦлорύΣ ƘŀŘ ŀ Ŏƻ-morbidity (U = 1807, p = <0.001), or had a 

family history of atopy (U = 5082, p = 0.003). They were also higher amongst males                

(U = 5462, p = 0.031). 

4.5.9.2.2.8     Domain 8 

5ƻƳŀƛƴ у ǎŎƻǊŜǎ ǿŜǊŜ ƘƛƎƘŜǊ ŀƳƻƴƎǎǘ ŎƘƛƭŘǊŜƴ ǿƘƻ ǿŜǊŜΥ ōƻǊƴ ŀǘ ŀ ΨƴƻǊƳŀƭΩ 

birthweight (U = 708, p = 0.022), male (U = 5034, p = 0.005), exposed to ETS (U = 2909, 

p = 0.028), or not breastfed (U = 3979, p = 0.046). They were also higher amongst 

children who had: a family history of atopy (U = 4884, p = 0.002), a co-morbidity                  

(U = 1842, p = <0.001), or a mother who smoked during pregnancy (U = 1768,                         

p = 0.014).  

There were differences in domain 8 score between the different levels of maternal 

education (H = 17.83, p = <0.001, df = 2) and maternal age (H = 6.68, p = 0.036, df = 2). 

Post-hoc analysis revealed that children with a degree-educated mother scored lower 

than those with a school-educated mother (p = <0.001). It also revealed that children 

born to mothers aged less than 25-years-old scored higher than children born to 

ƳƻǘƘŜǊǎ ŀƎŜŘ җор-years-old (p = 0.018). 

4.5.9.2.3    Total LRSQ Score vs Total QoL Score 

¢ƘŜǊŜ ǿŀǎ ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ ŎƘƛƭŘΩǎ ǘotal LRSQ score, and their 

total QoL score (rs = 0.926, p = <0.001). Figure 83 shows the correlation graphically. A 

higher total LRSQ score is more strongly correlated with a poor QoL for parents, than 

with a poor QoL for children (rs = 0.861, p = <0.001 vs rs = 0.802, p = <0.001). Children 

who regularly suffer with respiratory symptoms, and their parents, therefore 

experience a worse QoL.  
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Figure 83: correlation between total LRSQ score and total QoL score at 52-months-old 

4.5.9.3   Symptom Prevalence 

91.5% (n = 195) of children experienced at least one type of respiratory symptom at 

52-months-old. A cough was the most common symptom, as it was experienced by 

78.9% (n = 168) of children; noisy breathing that dƛŘƴΩǘ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ŎƘŜǎǘ ǿŀǎ ǘƘŜ 

least common symptom, as it was experienced by 10.3% (n = 22) of children. Figure 84 

demonstrates the prevalence of individual symptoms. 

 

Figure 84: prevalence of respiratory symptoms at 52-months-old 
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4.5.9.3.1    Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.9.3.1.1     Colds 

Colds were more likely amongst: males (OR = 2.71, 95% CI = 1.36 ς 5.40), children who 

shared a bedroom (OR = 2.42, 95% CI = 1.09 ς 5.35), and premature children                       

(OR = 2.86, 95% CI = 1.38 ς 5.95). 

4.5.9.3.1.2     Coughing 

Coughing was more likely amongst: children who were exposed to ETS (OR = 8.71, 95% 

CI = 1.39 ς 54.74), males (OR = 2.86, 95% CI = 1.38 ς 5.95), children with a family 

history of atopy (OR = 3.03, 95% CI = 1.47 ς 6.26), and children with a co-morbidity          

(OR = 6.95, 95% CI = 1.29 ς 37.56).  

4.5.9.3.1.3     No Symptoms 

Being asymptomatic was more likely amongst males (OR = 3.71, 95% CI = 1.06 ς 12.37). 

4.5.9.3.1.4     Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst children with a                              

co-morbidity (OR = 10.72, 95% CI = 4.49 - 25.61). 

4.5.9.3.1.5     Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst without a 

co-morbidity (OR = 6.29, 95% CI = 2.46 ς 16.05), and children who lived with other 

children (OR = 2.05, 95% CI = 1.07 - 3.95). 

4.5.9.3.1.6     Rattly Chest 

Rattly chests were more likely amongst children with a co-morbidity (OR = 9.65, 95%    

CI = 4.31 ς 21.63). 

4.5.9.3.1.7      Shortness of Breath 

SOB was more likely amongst: males (OR = 2.12, 95% CI = 1.09 ς 4.15), children with a 

co-morbidity (OR = 10.14, 95% CI = 4.58 - 22.46), and children who did not attend 

nursery (OR = 2.40, 95% CI = 1.02 ς 5.68). 

4.5.9.3.1.8     Snoring 

Snoring was more likely amongst: children whose mothers were exposed to ETS during 

pregnancy (OR = 2.59, 95% CI = 1.12 ς 5.99), children with a co-morbidity (OR = 3.50, 
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95% CI = 1.43 ς 8.60), and children who did not live with other children (OR = 2.05, 

95% CI = 1.07 ς 3.95). Children who snored, were more likely to be deprived too ς 

since children became 1.13 times less likely to snore for every increase in IMD decile                       

(OR = 1.13, 95% CI = 1.00 - 1.27). 

4.5.9.3.1.9     Tachypnoea 

Tachypnoea was more likely amongst children without a co-morbidity (OR = 15.94, 

95% CI = 6.24 ς 40.73), and children who did not live with any other children                      

(OR = 3.12, 95% CI = 1.34 ς 7.25). 

4.5.9.3.1.10       Wheezing 

Wheezing was more likely amongst children with a family history of atopy (OR = 2.63, 

95% CI = 1.35 ς 5.10), and children with a co-morbidity (OR = 10.19, 95%                               

CI = 4.59 ς 22.60). Children born to mothers aged less than 25-years-old were also 

more likely to wheeze, compared to those born to mothers aged 25 to 34-years-old 

(OR = 6.33, 95%  CI = 1.18 - 33.98) or more than 35-years-old (OR = 10.67, 95%                 

CI = 1.72 - 65.99). 

4.5.9.4   Healthcare Service Usage 

At 52-months-old, 15.0% (n = 36) of children were taken to their GP for a respiratory 

problem. Of these children: 62.5% (n = 20) visited once, 21.9% (n = 7) visited twice, 

6.3% (n = 2) visited thrice, and 9.4% (n = 3) visited five times. 5.6% (n = 12) of children 

were taken to hospital for a respiratory problem. 83.3% (n = 10) of these children 

visited once, 8.3% (n = 1) visited twice, and 8.3% (n = 1) visited five times. Figure 85 

presents GP and hospital attendance rates graphically. 
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Figure 85: GP and hospital attendance rates at 52-months-old 

4.5.9.4.1    Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.9.4.1.1     GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst children who had a               

co-morbidity (OR = 4.42, 95% CI = 1.88 - 10.37), and children who were exposed to ETS 

(OR = 2.79, 95% CI = 1.16 - 6.67). GP visitation was more likely amongst children who 

were born to mothers aged less than 25-years-old, compared to those born to mothers 

aged more than 35-years-old (OR = 8.25, 95% CI = 1.23 - 55.56). Children who were 

breastfed for 1-4 months were also more likely to visit a GP, compared to those who 

were breastfed for more than 4 months (OR = 3.24, 95% CI = 1.03 - 10.18). 

4.5.9.4.1.2     Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst children with a             

co-morbidity (OR = 4.52, 95% CI = 1.39 - 14.72), and children who were not breastfed 

(OR = 3.48, 95% CI = 1.09 - 11.10). 

4.5.9.4.2    Total LRSQ Score vs Healthcare Service Usage 

At 52-months-old, there was a moderate correlation between total LRSQ score and GP 

attendance rate (rs = 0.478, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.320, p = <0.001). These results suggest 

the children with the most severe respiratory disease, are not necessarily the ones 

who are more likely to seek medical assistance. Figures 86 and 87 show the 

correlations graphically. 
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Figure 86: correlation between total LRSQ score and GP attendance rate at 52-months-old 
Figure 87: correlation between total LRSQ score and hospital attendance rate at 52-months-old 

 

 

 

 

 

4.5.10   Questionnaire 10: 58-Months-Old 

4.5.10.1    Exposure to Risk Factors 

4.5.10.1.1     Nursery Attendance  

At 58-months-old, 58.9% (n = 129) of children attended nursery. It is worth noting, that 

several children were in school at this timepoint.  

4.5.10.1.2     Other Household Children 

74.9% (n = 164) of children lived with at least one other child at 58-months-old. 71.2% 

(n = 116) lived with only one other, 23.9% (n = 39) lived with two others, 4.3% (n = 7) 

lived with three others, and 0.6% (n = 1) lived with four others.  

4.5.10.1.3     Bedroom Sharing 

At 58-months-old, 31.5% (n = 69) of children shared a bedroom. 18.8% (n = 13) shared 

with their parent(s), and 85.5% (n = 59) shared with one other child. 

4.5.10.1.4     ETS Exposure 

12.3% (n = 27) of children were exposed to ETS at 58-months-old. 3.7% (n = 1) were 

exposed to ETS from inside the home, 96.3% (n = 26) were exposed to ETS from 
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outside of the home, 7.4% (n = 2) were exposed to ETS from inside the car, and 11.1% 

(n = 3) were exposed to ETS from within another location (e.g. work). 

At 58-months-old, the prevalence of ETS exposure amongst children in the LBBS was 

ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘƛŦŦŜǊŜƴǘ ǘƻ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǎƳƻƪƛƴƎ ƛƴ ŜƛǘƘŜǊ 9ƴƎƭŀƴŘ ό˔2 = 0.60,       

Ǉ Ґ лΦппΣ ŘŦ Ґ мύ ƻǊ [ƛǾŜǊǇƻƻƭ ό˔2 = 0.76, p = 0.38, df = 1) in 2018/19.  

4.5.10.1.5     Family History of Atopy 

At 58-months-old, 48.4% (n = 106) 

of children had a family history of 

atopy. 

From those with a family history of 

atopy: 53.8% (n = 57) had an 

atopic mother, 48.1% (n = 51) had 

an atopic father, and 44.3%                

(n = 47) had at least one atopic 

sibling. was a family history of: 

asthma in 50.0% (n = 53) of these 

children, hay fever in 58.5%               

(n = 62), and eczema in 56.6%        

(n = 60). Figure 88 shows how 

familial atopy was inter-related at             

58-months-old. 

 

 

4.5.10.1.6     Co-Morbidities 

18.3% (n = 40) of the children had a co-morbid disease at 58-months-old. The 

respiratory system was the most common co-morbid system at this age, whilst asthma 

was the most common co-morbidity overall. Table 35 shows the co-morbidities seen at 

58-months-old ς as reported by parents, and grouped according to organ system. 

 

 

Figure 88: children with a family history of atopy, by relative(s) and disease(s), at 58-months-old   
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Type of Co-Morbidity Underlying Condition Frequency 

Respiratory 
(n = 16) 

Asthma  13 

Viral-Induced Wheeze 1 

Cardiac 
(n = 2) 

Congenital Heart Disease 2 

Renal 
(n = 1) 

Haematuria 1 

Neurological 
(n = 4) 

.ǊƻǿƴΩǎ {ȅƴŘǊƻƳŜ 1 

Cerebral Palsy 1 

Hypotonia 1 

Spinal Muscular Atrophy 1 

Gastrointestinal 
(n = 2) 

Imperforate Anus 1 

άbƻǘ {ǇŜŎƛŦƛŜŘέ 1 

Other 
(n = 26) 

Eczema 7 

Allergies 6 

Autism Spectrum Disorder 3 

Haemophilia 2 

Astigmatism 1 

ά/ƻƳǇƭƛŎŀǘƛƻƴǎ ŦǊƻƳ aŀǎǘƻƛŘƛǘƛǎέ 1 

5ƻǿƴΩǎ Syndrome (Trisomy 21) 1 

Glue Ear 1 

άLƴŀōƛƭƛǘȅ ǘƻ {ǘƻǊŜ LǊƻƴέ 1 

Psoriasis 1 

Tuberous Sclerosis 1 
Table 35: co-morbidities of the LBBS cohort at 58-months-old 

 

4.5.10.2    LRSQ Scores 

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ 

domain scores, at 58-months-old are shown in Table 36. The distribution of scores are 

shown graphically in Figure 89. 

 

 

 

 

 



185 
 

 Minimum Lower 
Quartile  Median Upper 

Quartile  Maximum Mean Standard 
Deviation 

Total Score 0 2 6 17 81 11.39 13.71 

Domain 1 0 0 1 2 10 1.53 2.01 

Domain 2 0 0 2 4 11 2.39 2.56 

Domain 3 0 1 3 5 21 3.43 3.47 

Domain 4 0 0 0 1 8 0.74 1.46 

Domain 5 0 0 0 1 10 0.79 1.87 

Domain 6 0 0 0 0 8 0.46 1.19 

Domain 7 0 0 0 1 9 1.05 2.01 

Domain 8 0 1 2 4 12 2.77 2.53 
Table 36: descriptive statistics of the total and domain LRSQ scores at 58-months-old 

 

 
Figure 89: distribution of total and domain LRSQ scores at 58-months-old 
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4.5.10.2.1     Impact of Risk Factor Exposure on Total LRSQ Score  

Total LRSQ scores were higher amongst children who were a twin (U = 108, p = 0.006), 

or born prematurely (U = 1879, p = 0.015). They were also higher amongst those with a 

co-morbidity (U = 3145, p = <0.001). 

There were differences in total LRSQ score between the different levels of maternal 

education (H = 19.91, p = <0.001, df = 2). Post-hoc analysis revealed that children with 

a degree-educated mother scored lower, compared to those with a school (p = 0.010) 

or vocationally-educated mother (p = <0.001). 

4.5.10.2.2     Impact of Risk Factor Exposure on LRSQ Domain Scores  

4.5.10.2.2.1      Domain 1 

Domain 1 scores were higher amongst children who were born prematurely (U = 1841, 

p = 0.009), or a twin (U = 70, p = 0.002). They were also higher amongst children with a 

co-morbidity (U = 3426, p = <0.001). 

There were differences in domain 1 score between the different levels of maternal 

education (H = 8.63, p = 0.013, df = 2). Post-hoc analysis revealed that children with a 

degree-educated mother scored lower, compared to those with a school (p = 0.039) or 

vocationally-educated mother (p = 0.012). 

4.5.10.2.2.2      Domain 2 

Domain 2 scores were higher amongst children with a co-morbidity (U = 3022,                         

p = <0.001), or who were a twin (U = 98, p = 0.004), or who were born prematurely                

(U = 1708, p = 0.003).  

There were differences in domain 2 score between the different levels of maternal 

education (H = 14.66, p = 0.001, df = 2). Post-hoc analysis revealed that children with a 

degree-educated mother scored lower, compared to those with a school (p = 0.022) or 

vocationally-educated mother (p = <0.001). There were also differences in domain 2 

score amongst breastfed children, depending on how long they were breastfed for              

(H = 6.49, p = 0.039, df = 2). Post-hoc analysis revealed that children who were 

breastfed for 1-4 months scored higher than those who were breastfed for more than 

4 months (p = 0.011). 
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4.5.10.2.2.3      Domain 3 

Domain 3 scores were higher amongst twins (U = 94, p = 0.004). They were also higher 

amongst children who: had a co-morbidity (U = 4083, p = 0.001), or were not exposed 

to ETS (U = 3345, p = 0.044). 

There were differences in domain 3 score between the different levels of maternal 

education (H = 11.29, p = 0.004, df = 2). Post-hoc analysis revealed that children with a 

degree-educated mother scored lower than those with a vocationally-educated 

mother (p = 0.001). 

4.5.10.2.2.4      Domain 4 

Domain 4 scores were higher amongst children with a co-morbidity (U = 3609,                   

p = <0.001). 

There were differences in domain 4 score between the different levels of maternal 

education (H = 8.98, p = 0.011, df = 2). Post-hoc analysis revealed that children with a 

degree-educated mother scored lower, compared to those with a school (p = 0.035) or 

a vocationally-educated mother (p = 0.010). There were also differences in domain 4 

score amongst breastfed children, depending on how long they were breastfed for              

(H = 7.88, p = 0.019, df = 2). Post-hoc analysis revealed that children who were 

breastfed for 1-4 months scored higher than those who were breastfed for more than 

4 months (p = 0.006). 

4.5.10.2.2.5      Domain 5 

Domain 5 scores were higher amongst children with a family history of atopy                        

(U = 7924, p = 0.026), or a co-morbidity (U = 3502, p = <0.001). 

There were differences in domain 5 score between the different levels of maternal 

education (H = 12.86, p = 0.02, df = 2). Post-hoc analysis revealed that children with a 

degree-educated mother scored lower, compared to those with a school (p = 0.011) or 

a vocationally-educated mother (p = 0.002). 

4.5.10.2.2.6      Domain 6 

Domain 6 scores were higher amongst the children who born prematurely (U = 2196,     

p = 0.028), and children with co-morbidities (U = 3741, p = <0.001). 
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There were differences in domain 6 score between the different levels of maternal 

education (H = 10.68, p = 0.005, df = 2). Post-hoc analysis revealed that children with a 

degree-educated mother scored lower than those with a vocationally-educated 

mother (p = 0.002). 

4.5.10.2.2.7      Domain 7 

Domain visits  higher amongst those children who were a twin (U = 234,                 p = 

0.024), or born prematurely (U = 2032, p = 0.019). They were also higher amongst 

children with a co-morbidity (U = 3664, p = <0.001). 

There were differences in domain 7 score between the different levels of maternal 

education (H = 20.34, p = <0.001, df = 2). Post-hoc analysis revealed that children with 

a degree-educated mother scored lower, compared to those with a school (p = 0.001) 

or vocationally-educated mother (p = <0.001). There were also differences in domain 7 

score amongst breastfed children, depending on how long they were breastfed for              

(H = 6.75, p = 0.034, df = 2). Post-hoc analysis revealed that children who were 

breastfed for 1-4 months scored higher, compared to those who were breastfed for 

less than 1 month (p = 0.024) or for more than 4 months (p = 0.015). 

4.5.10.2.2.8      Domain 8 

Domain 8 scores were higher amongst children who had a co-morbidity (U = 3465,             

p = <0.001). They were also higher in twins (U = 101, p = 0.005), and children who were 

not breastfed (U = 5469, p = 0.015). 

There were differences in domain 8 score between the different levels of maternal 

education (H = 15.33, p = <0.001, df = 2). Post-hoc analysis revealed that children with 

a degree-educated mother scored lower, compared to those with a school (p = 0.029) 

or vocationally-educated mother (p = <0.001). 

4.5.10.2.3     Total LRSQ Score vs Total QoL Score 

¢ƘŜǊŜ ǿŀǎ ŀ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŀ ŎƘƛƭŘΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ŀƴŘ ǘƘŜƛǊ 

total QoL score (rs = 0.950, p = <0.001). Figure 90 shows the correlation graphically. A 

higher total LRSQ score is more strongly correlated with a poor QoL for parents, than 

with a poor QoL for children (rs = 0.890, p = <0.001 vs rs = 0.791, p = <0.001). Children 

who regularly suffer with respiratory symptoms, and their parents, therefore 
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experience a worse QoL. 

 

Figure 90: correlation between total LRSQ score and total QoL score at 58-months-old 

4.5.10.3    Symptom Prevalence 

84.9% (n = 286) of children experienced at least one type of respiratory symptom at 

58-months-old. A cold was the most common symptom, as it was experienced by 

76.3% (n = 16тύ ƻŦ ŎƘƛƭŘǊŜƴΤ ƴƻƛǎȅ ōǊŜŀǘƘƛƴƎ ǘƘŀǘ ŘƛŘƴΩǘ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ŎƘŜǎǘ ǿŀǎ ǘƘŜ 

least common symptom, as it was experienced by 9.1% (n = 20) of children. Figure 91 

demonstrates the prevalence of individual symptoms.
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Figure 91: prevalence of respiratory symptoms at 58-months-old 

4.5.10.3.1     Impact of Risk Factor Exposure on Symptom Prevalence  

4.5.10.3.1.1      Colds 

Colds were more likely amongst children with a family history of atopy (OR = 2.29, 95% 

CI = 1.20 - 4.36). Colds were also more likely amongst children with vocationally-

educated mothers, compared to those with school (OR = 4.10, 95% CI = 1.11 - 15.06) or 

degree-educated mothers (OR = 3.96, 95% CI = 1.17 - 13.46). 

4.5.10.3.1.2      Coughing 

Coughing was more likely amongst children with a family history of atopy (OR = 2.00, 

95% CI = 1.06 ς 3.77), and children with a co-morbidity (OR = 2.82, 95%                                

CI = 1.10 ς 7.23). Coughing was also more likely amongst children with vocationally-

educated mothers, compared to those with school (OR = 9.03, 95% CI = 1.32 - 61.88) or 

degree-educated mothers (OR = 13.17, 95% CI = 2.06 - 84.49). 

4.5.10.3.1.3      No Symptoms 

Being asymptomatic was more likely amongst: children who did not live with other 

children (OR = 2.23, 95% CI = 1.01 ς 4.94), children who were breastfed (OR = 3.34, 

95% CI = 1.02 ς 10.94), and children who were exposed to ETS (OR = 2.94, 95%                 

CI = 1.18 ς 7.32). 

There were differences in the prevalence of asymptomatic children amongst the 

ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ ŘŜǇǊƛǾŀǘƛƻƴ όǇ Ґ лΦлплΣ CƛǎƘŜǊΩǎ 9ȄŀŎǘ ¢ŜǎǘύΦ /ƘƛƭŘǊŜƴ ƭƛǾƛƴƎ ƛƴ ǘƘŜ 

least-deprived IMD quintile were more likely to be asymptomatic than those living in 

the four greater deprived quintiles. 

4.5.10.3.1.4      Noisy Breathing ς From Throat 

Noisy breathing from the throat was more likely amongst children with a co-morbidity 

(OR = 5.97, 95% CI = 2.69 - 13.23), and premature children (OR = 4.03, 95%                                

CI = 1.35 - 12.07). Noisy breathing from the throat was also more likely amongst 

children with school and vocationally-educated mothers, compared to those with 

degree-educated mothers (respectively: OR = 2.78, 95% CI = 1.12 - 6.88 and OR = 4.23, 

95% CI = 1.63 - 10.99). 
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4.5.10.3.1.5      Noisy Breathing ς Not From Chest 

Noisy breathing that did not come from the chest was more likely amongst children 

with a co-morbidity (OR = 7.99, 95% CI = 3.16 - 20.24). Noisy breathing that did not 

come from the chest was also more likely amongst children with school and 

vocationally-educated mothers, compared to those with degree-educated mothers 

(respectively: OR = 5.37, 95% CI = 1.77 - 16.26 and OR = 5.61, 95% CI = 1.69 - 18.62). 

4.5.10.3.1.6      Rattly Chest 

Rattly chests were more likely amongst: children who attended nursery (OR = 2.13, 

95% CI = 1.13 - 4.03), children with a co-morbidity (OR = 3.31, 95% CI = 1.69 ς 6.48), 

and premature children (OR = 4.50, 95% CI = 1.55 - 13.04). Rattly chests were also 

more likely amongst children with vocationally-educated mothers, compared to those 

with degree-educated mothers (OR = 3.08, 95% CI = 1.43 - 6.62).  

4.5.10.3.1.7      Shortness of Breath 

SOB was more likely amongst children with a family history of atopy (OR = 3.68, 95%    

CI = 1.66 ς 8.17), and children with a co-morbidity (OR = 8.63, 95% CI = 3.98 ς 18.68). 

SOB was also more likely amongst children who were born to mothers aged less than 

25-years-old, compared to those born to mothers aged 25 to 34-years-old (OR = 4.67, 

95% CI = 1.29 - 16.94) or more than 35-years-old (OR = 9.16, 95% CI = 2.13 - 39.38) 

4.5.10.3.1.8      Snoring 

Snoring was more likely amongst children with a co-morbidity (OR = 4.43, 95%                         

CI = 1.06 ς 18.48), and premature children (OR = 3.21, 95% CI = 1.49 ς 6.90). Snoring 

was more likely amongst children with school or vocationally-educated mothers, 

compared to those with degree-educated mothers (respectively: OR = 2.14, 95% CI = 

1.09 - 4.20 and OR = 2.40, 95% CI = 1.08 - 5.33). 

4.5.10.3.1.9      Tachypnoea 

Tachypnoea was more likely amongst children with a co-morbidity (OR = 7.57, 95%           

CI = 3.11 ς 18.41). 

4.5.10.3.1.10   Wheezing 

Wheezing was more likely amongst: children with a co-morbidity (OR = 6.47, 95%           

CI = 3.02 ς 13.85), premature children (OR = 4.99, 95% CI = 1.73 ς 14.42), and children  
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whose mother was exposed to ETS during pregnancy (OR = 2.32, 95% CI = 1.03 ς 5.20). 

Wheezing was more likely amongst children with school or vocationally-educated 

mothers, compared to those with degree-educated mothers (respectively: OR = 2.82, 

95% CI = 1.24 - 6.39 and OR = 2.67, 95% CI = 1.06 - 6.78). Children who were breastfed 

for 1-4 months or more than 4 months were also more likely to wheeze, compared to 

those who were breastfed for less than 1 month (respectively: OR = 9.44, 95%                    

CI = 1.89 - 47.08 and OR = 4.89, 95% CI = 1.07 - 22.41).  

 

 

4.5.10.4    Healthcare Service Usage 

At 58-months-old, 16.4% (n = 36) of children were taken to their GP for a respiratory 

problem. Of these children: 58.3% (n = 21) visited once, 27.8% (n = 10) visited twice, 

8.3% (n = 3) visited thrice, 2.8% (n = 1) visited four times, and 2.8% (n = 1) visited five 

times. 4.6% (n = 10) of children were taken to hospital for a respiratory problem. 

80.0% (n = 8) of these children visited once, and 20.0% (n = 2) visited twice. Figure 92 

presents GP and hospital attendance rates graphically. 

 

Figure 92: GP and hospital attendance rates at 58-months-old 

4.5.10.4.1     Impact of Risk Factor Exposure on Healthcare Service Usage 

4.5.10.4.1.1      GP Attendance 

Visits to a GP for a respiratory problem were more likely amongst children who had a            

co-morbidity (OR = 3.12, 95% CI = 1.46 - 6.69), and children were born prematurely                      
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(OR = 5.30, 95% CI = 1.83 - 15.34). GP visitation was also more likely amongst children 

with school-educated mothers, compared to those with degree-educated mothers                        

(OR = 3.05, 95% CI = 1.37 - 6.80).  

4.5.10.4.1.2      Hospital Attendance 

Hospital visitations for a respiratory problem were more likely amongst children with a      

co-morbidity (OR = 12.17, 95% CI = 2.92 - 50.67). 

4.5.10.4.2     Total LRSQ Score vs Healthcare Service Usage 

At 58-months-old, there was a moderate correlation between total LRSQ score and GP 

attendance rate (rs = 0.541, p = <0.001). There was a weak correlation between total 

LRSQ score and hospital attendance rate (rs = 0.303, p = <0.001). These results suggest 

the children with the most severe respiratory disease, are not necessarily the ones 

who are more likely to seek medical assistance. Figures 93 and 94 show the 

correlations graphically. 

 

Figure 93: correlation between total LRSQ score and GP attendance rate at 58-months-old 
Figure 94: correlation between total LRSQ score and hospital attendance rate at 58-months-old 
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4.5.11 Summary Table 

Table # outlines how the four most clinically-relevant outcomes of the LBBS were 

affected by the various risk factors being assessed, at every age in the study. The risk 

factors that influenced total LRSQ and domain 7 scores are summarised ς because it is 

important to understand what causes overall respiratory wellbeing and QoL to worsen, 

respectively. The risk factors that impacted GP and hospital attendance are also 

summarised ς since it is important to understand what makes healthcare visitation 

more likely. 

A
g
e 

(m
o

n
th

s
) 

Total LRSQ Score Domain 7 Score GP Attendance 
Hospital 

Attendance 

4
 

Co-Morbidity 
Family History of Atopy 

Male 
No Bedroom Sharing 

Co-Morbidity 
Family History of Atopy 
No Bedroom Sharing 

Antenatal ETS Exposure 

Attended Nursery 
Bedroom Sharing 

Co-Morbidity 
Household Children 

More Deprived 
Not Breastfed 

Younger Mother 

Co-Morbidity 
Male 

Household Children 
Not Breastfed 

Premature 
Twin 

Younger Mother 

1
0 

Attended Nursery 
Caucasian 

Co-Morbidity 
Less Educated Mother 

Male 
Younger Mother 

Attended Nursery 
Caucasian 

Co-Morbidity 
Household Children 

Less Educated Mother 
Male 

Younger Mother 

Attended Nursery 
Family History of Atopy 
Less Educated Mother 

Low Birthweight 
Not Breastfed 

Premature 
Younger Mother 

Co-Morbidity 
Less Educated Mother 

Low Birthweight 
Premature 

1
6 

Attended Nursery 
Male 

More Deprived 
Premature 

Attended Nursery 
Household Children 

Male 
No Antenatal ETS 

Exposure 

Attended Nursery 
Family History of Atopy 
Less Educated Mother 

Male 
Premature 

Less Educated Mother 

2
2 

Attended Nursery 
More Educated Mother 

No Co-Morbidity 
No Family History of 

Atopy 

More Educated Mother More Educated Mother  

2
8 

Attended Nursery 
Co-Morbidity 

Family History of Atopy 
Male 

Normal Birthweight 

Attended Nursery 
Co-Morbidity 

Normal Birthweight 

Co-Morbidity 
Family History of Atopy 
No Household Children 

Bedroom Sharing 
Co-Morbidity 
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3
4 

Attended Nursery 
Breastfed 

Co-Morbidity 
Family History of Atopy 

More Deprived 
No Household Children 

Non-Caucasian 
Singleton 

Younger Mother 

Attended Nursery 
Breastfed 

Co-Morbidity 
No Household Children 

Family History of Atopy 
No Household Children 
Less Educated Mother 

Not Breastfed 
Younger Mother 

Bedroom Sharing 
No Household Children 

4
0 

Attended Nursery 
Born at Term 
Co-Morbidity 

Family History of Atopy 
Male 

Younger Mother 

Attended Nursery 
Co-Morbidity 

Younger Mother 

Breastfed for 1-4 
Months  

Co-Morbidity 
Younger Mother 

Co-Morbidity 
Female 

4
6 Co-Morbidity 

Premature 

Co-Morbidity 
Low Birthweight 

No Bedroom Sharing 
Premature 

Twin 

Co-Morbidity 
Less Educated Mother 

Younger Mother 

Co-Morbidity 
 

5
2 

Antenatal ETS Exposure 

Co-Morbidity 
Family History of Atopy 

Exposed to ETS 
Less Educated Mother 

Male 
Normal Birthweight 

Younger Mother 

Co-Morbidity 
Family History of Atopy 

Male 
Normal Birthweight 

Breastfed for 1-4 
Months  

Co-Morbidity 
Exposed to ETS 

Younger Mother 

Co-Morbidity 
Not Breastfed 

5
8 

Co-Morbidity 
Less Educated Mother 

Premature 
Twin 

Breastfed for 1-4 
Months  

Co-Morbidity 
Less Educated Mother 

Premature 
Twin 

Co-Morbidity 
Less Educated Mother 

Premature 

Co-Morbidity 
 

Table 37: summary table of risk factor impact on select outcomes  
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4.6 Longitudinal Analysis 

This section of the results is dedicated to the longitudinal analysis of the LBBS. Using 

multi-level mixed effects modelling, the risk factors that coƭƭŜŎǘƛǾŜƭȅ ŀŦŦŜŎǘŜŘ ŀ ŎƘƛƭŘΩǎ 

total/domain LRSQ score the most ς throughout the entire pre-school period ς have 

been identified.  

4.6.1 Total LRSQ Score 

Throughout the pre-school period, total LRSQ score increased when a child: had a      

co-morbidity, attended nursery, had a family history of atopy and was breastfed for 1 

ǘƻ п ƳƻƴǘƘǎΦ ¢ƘŜ ǎŎƻǊŜ ŘŜŎǊŜŀǎŜŘ ǿƘŜƴ ŀ ŎƘƛƭŘΩǎ ƳƻǘƘŜǊ ǿŀǎ ŘŜƎǊŜŜ-educated. 

Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 9.93 8.37 ς 11.49 <0.001 

Nursery Attendance Increase 3.22 2.20 ς 4.23 <0.001 

Family History of Atopy Increase 2.05 1.03 ς 3.06 0.001 

1-4 Months of Breastfeeding Increase 1.88 0.15 ς 3.60 0.033 

Degree-Educated Mother Decrease -1.72 -3.31 ς -0.14 0.033 
Table 38: the muli-level mixed effects model for total LRSQ score 

4.6.2 Domain 1: Daytime Symptoms 

Throughout the pre-school period, domain 1 score increased when a child: had a               

co-morbidity, attended nursery and had a family history of atopy. The score decreased 

ǿƘŜƴ ŀ ŎƘƛƭŘΩǎ ƳƻǘƘŜǊ ǿŀǎ ŘŜƎǊŜŜ-educated. 

Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 1.33 1.10 ς 1.57 <0.001 

Nursery Attendance Increase 0.43 0.28 ς 0.58 <0.001 

Family History of Atopy Increase 0.24 0.09 ς 0.40 0.002 

Degree-Educated Mother Decrease -0.25 -2.73 ς -0.13 0.012 
Table 39: the muli-level mixed effects model for domain 1 of the LRSQ 

4.6.3 Domain 2: Night-Time Symptoms 

Throughout the pre-school period, domain 2 score increased when a child: had a        

co-morbidity, attended nursery, had a family history of atopy and was breastfed for 1 

to 4 months. The score decreased when a child was not born as a twin. 
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Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 1.50 1.18 ς 1.83 <0.001 

Nursery Attendance Increase 0.60 0.39 ς 0.82 <0.001 

Singleton Birth Decrease -0.82 -1.53 ς -0.10 0.025 

Family History of Atopy Increase 0.23 0.02 ς 0.44 0.030 

1-4 Months of Breastfeeding Increase 0.32 0.01 ς 0.64 0.042 
Table 40: the muli-level mixed effects model for domain 2 of the LRSQ 

4.6.4 Domain 3: Symptoms with Colds 

Throughout the pre-school period, domain 3 score increased when a child: had a         

co-morbidity, attended nursery and had a family history of atopy. The score decreased 

ǿƘŜƴ ŀ ŎƘƛƭŘΥ ǿŀǎ ōƻǊƴ ŀǘ ŀ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ŀƴŘ ǎƘŀǊŜŘ ŀ ōŜŘǊƻƻƳΦ 

Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 1.86 1.46 ς 2.26 <0.001 

Nursery Attendance Increase 1.23 0.97 ς 1.50 <0.001 

Family History of Atopy Increase 0.55 0.30 ς 0.81 <0.001 

Low Birthweight Decrease -0.67 -1.14 ς -0.19 0.006 

Sharing a Bedroom Decrease -0.36 -0.61 ς -0.06 0.015 
Table 41: the muli-level mixed effects model for domain 3 of the LRSQ 

4.6.5 Domain 4: Symptoms without Colds 

Throughout the pre-school period, domain 4 score increased when a child: had a        

co-morbidity and attended nursery, and their mother was exposed to ETS during 

pregnancy. The ǎŎƻǊŜ ŘŜŎǊŜŀǎŜŘ ǿƘŜƴ ŀ ŎƘƛƭŘΩǎ ƳƻǘƘŜǊ ǿŀǎ җор-years-old at the time 

of their birth. 

Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 1.03 0.85 ς 1.21 <0.001 

Maternal Age of  
җор-Years-Old 

Decrease -0.39 -0.65 ς -0.13 0.003 

Antenatal ETS Exposure Increase 0.24 0.08 ς 0.39 0.003 

Nursery Attendance Increase 0.12 0.01 ς 0.24 0.039 
Table 42: the muli-level mixed effects model for domain 4 of the LRSQ 

4.6.6 Domain 5: Symptoms with Increased Activity 

Throughout the pre-school period, domain 5 score increased when a child: had a         

co-morbidity, attended nursery, was breastfed for 1 to 4 months and had a family 
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history of atopy. The ǎŎƻǊŜ ŘŜŎǊŜŀǎŜŘ ǿƘŜƴ ŀ ŎƘƛƭŘΩǎ ƳƻǘƘŜǊ ǿŀǎ җор-years-old at the 

time of their birth. 

Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 1.31 1.09 ς 1.52 <0.001 

Nursery Attendance Increase 0.27 0.12 ς 0.41 <0.001 

1-4 Months of Breastfeeding Increase 0.29 0.08 ς 0.50 0.008 

Maternal Age of  
җор-Years-Old 

Decrease -0.40 -0.72 ς -0.08 0.015 

Family History of Atopy Increase 0.17 0.02 ς 0.31 0.021 
Table 43: the muli-level mixed effects model for domain 5 of the LRSQ 

4.6.7 Domain 6: Other Respiratory Symptoms 

Throughout the pre-school period, domain 6 score increased when a child: had a         

co-morbidity and shared a bedroom. The score decreased when a child attended 

nursery. 

Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 0.81 0.64 ς 0.99 <0.001 

Nursery Attendance Decrease -0.14 -0.25 ς -0.02 0.025 

Sharing a Bedroom Increase 0.12 0.0004 ς 0.24 0.049 
Table 44: the muli-level mixed effects model for domain 6 of the LRSQ 

4.6.8 Domain 7: QoL of the Child 

Throughout the pre-school period, domain 7 score increased when a child: had a         

co-morbidity, attended nursery and had a family history of atopy. The score decreased 

when a child shared a bedroom. 

Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 0.92 0.71 ς 1.14 <0.001 

Nursery Attendance Increase 0.37 0.23 ς 0.52 <0.001 

Sharing a Bedroom Decrease -0.23 -0.38 ς -0.08 0.002 

Family History of Atopy Increase 0.16 0.02 ς 0.30 0.028 
Table 45: the muli-level mixed effects model for domain 7 of the LRSQ 

4.6.9 Domain 8: QoL of the Parent 

Throughout the pre-school period, domain 8 score increased, when a child: had a         

co-morbidity, attended nursery, lived with other children and had a family history of 

atopy. The score decreased when a child was not born as a twin. 
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Risk Factor 
Direction 
of Effect 

Coefficient 95% CI p-value 

Co-Morbidity Increase 1.67 1.40 ς 1.95 <0.001 

Nursery Attendance Increase 1.24 1.06 ς 1.42 <0.001 

Living With Other Children Increase 0.36 0.18 ς 0.54 <0.001 

Family History of Atopy Increase 0.26 0.07 ς 0.44 0.005 

Singleton Birth Decrease -0.70 -1.29 ς -0.10 0.021 
Table 46: the muli-level mixed effects model for domain 8 of the LRSQ 

 

 

4.7 Validation of the LRSQ 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ ŘŜǎŎǊƛōŜǎ ǘƘŜ ǾŀƭƛŘŀǘƛƻƴ ƻŦ ǘƘŜ [w{vΦ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ Ƙŀǎ 

been calculated for each domain of the questionnaire, then used to evaluate the 

internal consistency of the corresponding domain. 

Based upon data from all ten questionnaires, the LRSQ demonstrates good to excellent 

internal consistency in a longitudinal study. Excellent internal consistency ς meaning 

ŀƴ ʰ җ лΦф ς was observed in four of the domains: domain 3 (symptoms with colds), 

domain 5 (symptoms with increased activity), domain 7 (QoL of the child) and domain 

8 (QoL of the parent). Good internal consistency ς meaning ŀƴ ʰ җ лΦу ς was observed 

in the other four domains: domain 1 (daytime symptoms), domain 2 (night-time 

symptoms), domain 4 (symptoms without colds) and domain 6 (other respiratory 

symptoms). Table 47 describes the internal consistency of each domain. 

Domain /ǊƻƴōŀŎƘΩǎ !ƭǇƘŀ /ƻŜŦŦƛŎƛŜƴǘ Internal Consistency 

1 0.8871 Good 

2 0.8987 Good 

3 0.9217 Excellent 

4 0.8816 Good 

5 0.9088 Excellent 

6 0.8879 Good 

7 0.9080 Excellent 

8 0.9119 Excellent 
Table 47: internal consistency of the eight LRSQ domains 
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Chapter 5: Discussion 

Chapter 5 provides an opportunity to discuss the execution of the LBBS. The principle 

findings of the study have been outlined. Areas of strength and weakness have then 

been acknowledged, and compared to previous research, in each of the seven areas of 

analysis. Consideration has also been given as to how the LBBS can provide 

opportunities for future research.  

5.1 Principle Findings  

¢ƘŜ ǇǊƛƳŀǊȅ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ [..{Σ ǿŀǎ άǘƻ ŘŜǎŎǊƛōe parentally-reported respiratory 

symptoms within a population-based birth cohort, as they are followed ƭƻƴƎƛǘǳŘƛƴŀƭƭȅέΦ 

Not only has the study successfully achieved this objective, but it is the first UK birth 

cohort study to do so via a predominantly online platform. The secondary objective of 

ǘƘŜ [..{ ǿŀǎ άǘƻ ŜȄŀƳƛƴŜ ŀƴȅ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎΣ 

ŀƴŘ ŜȄǇƻǎǳǊŜ ǘƻ ŘƛŦŦŜǊŜƴǘ Ǌƛǎƪ ŦŀŎǘƻǊǎέΦ !ƎŀƛƴΣ ǘƘŜ ǎǘǳŘy successfully achieved this aim 

through cross-sectional and longitudinal analyses of its cohort. The cross-sectional 

analysis of the LBBS produced many results, but how exposure to different risk factors 

ŀŦŦŜŎǘǎ ŀ ŎƘƛƭŘΩǎ ǘƻǘŀƭ [w{v ǎŎƻǊŜΣ ƛǎ ǘƘŜ Ƴƻǎǘ ƛƳǇortant ς as this is how the respiratory 

wellbeing of pre-school-aged children can be assessed in clinical practice. Mean and 

median total LRSQ scores increased until 16-months-old, then had a general decline 

thereafter ς suggesting that respiratory wellbeing improves with age. Total LRSQ 

scores were most significantly increased by: having a family history of atopy, being 

male, having a younger mother, attending nursery, and having a co-morbidity. Higher 

total LRSQ scores were consistently correlated with a worse QoL for children in the 

LBBS, and with an even worse QoL for their parents. The longitudinal analysis revealed 

that throughout the entire pre-school period, nearly-all total/domain LRSQ scores 

were significantly increased by having a co-morbidity, attending nursery, and having a 

family history of atopy. Being born to a degree-educated mother, or a mother aged 

җор-years-old, resulted in lower LRSQ scores for certain domains ς as did being a 

singleton birth.   
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All of the objectives of this particular thesis, have been fulfilled too. One particular 

objective of this thesis was to validate the LRSQ for use in longitudinal studies. This has 

ōŜŜƴ ŀŎŎƻƳǇƭƛǎƘŜŘΣ ōŜŎŀǳǎŜ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜΩǎ ŜƛƎƘǘ ŘƻƳŀƛƴǎ ǎƘƻǿ ƎƻƻŘ ǘƻ ŜȄŎŜƭƭŜƴǘ 

internal consistency when used throughout the first five years of childhood.  

5.2 Strengths and Weaknesses  

5.2.1 Recruitment and Enrolment  

The LBBS was weakened by poor recruitment and enrolment. 18.8% of eligible births 

at LWH were recruited into the LBBS. 29.4% of these births were actually enrolled onto 

the study ς accounting for 5.5% of the eligible births at LWH. With greater resources, 

recruitment and enrolment could have been higher ς especially if additional locations 

ƘŀŘ ōŜŜƴ ǳǎŜŘ ǘƻ ΨǎƻǳǊŎŜΩ ǇŀǊǘƛŎƛǇŀƴǘǎΦ CŀƳƛƭƛŜǎ ŦǊƻƳ ƳƻǊŜ ǇŜǊƛǇƘŜǊŀƭ ǇƻǎǘŎƻŘŜ 

ŘƛǎǘǊƛŎǘǎ ƛƴ ǘƘŜ ǎǘǳŘȅΩǎ ƛƴŎƭǳǎƛƻƴ ȊƻƴŜΣ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǊŜŎǊǳƛǘŜŘ ŦǊƻƳ ²Ƙƛǎǘƻƴ IƻǎǇƛǘŀƭ 

and Ormskirk Hospital. The LBBS could potentially have recruited home births with 

greater resources too, since 2.3% of women in England & Wales delivered at home in 

2013. 309 

¢ƘŜ [..{Ωǎ ǊŜŎǊǳƛǘƳŜƴǘ ǊŀǘŜ ǿŀǎ ƭƻǿŜǊ ǘƘŀƴ ǇǊŜǾƛƻǳǎ ǊŜƎƛƻƴŀƭ ōƛǊǘƘ ŎƻƘƻǊǘ ǎǘǳŘƛŜǎΩΦ  

ALSPAC, MAAS and BiB all began their recruitment processes antenatally, and were 

able to recruit 72%, 63% and 54% of their eligible populations respectively. 271,275,281 

Like the LBBS, TCRS recruited immediately after birth, and achieved a recruitment rate 

of 78%. 278 If the LBBS had also recruited and/or begun data collection antenatally, 

then its recruitment and enrolment rates may have been more similar to the 

aforementioned studies. 271,274,275 These studies utilised midwives, paediatricians, 

research nurses and/or dedicated recruitment teams to manage their recruitment 

drives. 272,274,278,281 The LBBS relied on two MPhil students, to share the responsibility 

of recruiting approximately 15,000 eligible infants. Had the LBBS used additional staff 

to assist with recruiting eligible participants, then its recruitment rate might have been 

closer to the 69% projection that was borne from the pilot study. 284,285 BiB translated 

its study materials into Urdu and Mirpuri, which increased participation amongst    

non-English-speaking parents. If the LBBS had also been accessible in languages other 

than English, then more parents could have been recruited. In Liverpool, it would have 

been useful to have study materials available in Chinese, Polish, Arabic and Somali ς as 
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these are the most widely-spoken foreign languages. The LRSQ would have to be 

validated in these languages first though. 310 Both ALSPAC and BiB advertised their 

studies in public places, especially those popular with pregnant women. 272,274 A wider 

ǳǎŜ ƻŦ ŀŘǾŜǊǘƛǎƛƴƎ Ƴŀȅ ǘƘŜǊŜŦƻǊŜ ƘŀǾŜ ōŜŜƴ ōŜƴŜŦƛŎƛŀƭ ǘƻ ǘƘŜ [..{Ωs recruitment 

strategy.  

A strength of the recruitment process was that it was conducted near-continuously for 

almost two years, thereby mitigating seasonal variations in respiratory symptoms. 

With year-round recruitment and biannual assessments, even if a child was first 

followed-up in Winter (when respiratory symptoms are typically more frequent), they 

would next be followed-up in Summer (when respiratory symptoms are typically less 

common) and vice versa ς thus controlling for seasonal effects across the cohort. 

Previous birth cohort studies in the UK have recruited for just a week, thus making 

them susceptible to seasonal variation. 268,311,312 

5.2.2 Cohort Profile  

The representativeness of the study cohort was a weakness of the LBBS, although, this 

is not uncommon in regional birth cohort studies. The ALSPAC cohort was less 

deprived, and parents in BiB and TCRS were older, than their respective eligible study 

populations. TCRS had more educated parents than expected too. 273,278,281 These 

findings mirror what was seen in the LBBS. Like the LBBS, ALSPAC and TCRS also 

contained more Caucasian children than was to be expected. 273,278 BiB did not have 

this problem, because it translated its study materials into Urdu/Mirpuri. 274 Had the 

LBBS translated its study materials into different languages too, then the 

representativeness of ethnic minorities in its cohort could have been higher. 

Compared to the eligible population for the study, the LBBS cohort also contained 

more preterm, Caucasian and breastfed children ς as well as less mothers who smoked 

during pregnancy. The significantly higher preǾŀƭŜƴŎŜ ƻŦ ǇǊŜƳŀǘǳǊŜ ŀƴŘ Ψƭƻǿ 

ōƛǊǘƘǿŜƛƎƘǘΩ ƛƴŦŀƴǘǎ ŀƳƻƴƎǎǘ ǘƘŜ [..{ ŎƻƘƻǊǘΣ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ [²I ŀƴŘ 9ƴƎƭŀƴŘ 

respectively, may be explained by the recruitment location. LWH is a tertiary-level 

maternity centre, so can be expected to witness a higher-than-average number of 

ǇǊŜƳŀǘǳǊŜ ŀƴŘ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ƛƴŦŀƴǘǎΦ {ǳŎƘ ƛƴŦŀƴǘǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ΨǾƛǎƛǘΩ in the neonatal 

unit ς where the LBBS was advertised. The increased exposure to advertising material, 
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from parents who were regularly visiting the neonatal unit, may therefore have 

prompted greater enrolment into the LBBS; parental experiences of neonatal research 

may also have increased their ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜΦ tǊŜƳŀǘǳǊŜ ŀƴŘ Ψƭƻǿ 

ōƛǊǘƘǿŜƛƎƘǘΩ ƛƴŦŀƴǘǎ ŀǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ƪŜǇǘ ƛƴ ƘƻǎǇƛǘŀƭ ŦƻǊ ƭƻƴƎŜǊ ŀŦǘŜǊ ōƛrth too, so 

in the LBBS, their parents simply had a greater chance of being approached by a 

member of the research team.   

Social desirability bias may have been another factor, which contributed to the 

unrepresentativeness of the LBBS cohort. Questionnaire respondents are known to be 

ƭŜǎǎ ŦƻǊǘƘŎƻƳƛƴƎ ŀōƻǳǘ ΨǳƴŘŜǎƛǊŀōƭŜΩ traits, in order to reflect themselves in a positive 

light. 313 The prevalence of antenatal tobacco smoking and antenatal ETS exposure 

(undesirable traits) within the LBBS cohort may therefore be under-reported, and the 

prevalence of breastfeeding (a desirable trait) may be over-reported. However, there 

is also a chance that antenatal tobacco smoking and ETS exposure were over-reported 

in the LBBS cohort. In the first questionnaire, items about smoking did not specifically 

refer to tobacco smoking, so parents may have answered these questions with regards 

to vaping or cannabis smoking ς especially since the use of vapes was rapidly 

increasing throughout the recruitment period. 314 

Another weakness of the LBBS, was that it missed opportunities to find out about 

additional risk factor exposures from the cohort. The study had the capacity to enquire 

about more antenatal and postnatal risk factors, which have previously been 

associated with poor paediatric respiratory health. Questionnaires could have easily 

ŀǎƪŜŘ ǇŀǊŜƴǘǎ ŀōƻǳǘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ƭƛǾƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ŘƛŜǘ; the first questionnaire 

could also have asked parents about their own diet, as well as drug use, during 

pregnancy. All these risk factors are known to influence respiratory wellbeing during 

childhood. 59,96,97,114,118 ! ŎƘƛƭŘΩǎ ŜȄǇƻǎǳǊŜ ǘƻ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ŎƻǳƭŘ ŀƭǎƻ ƘŀǾŜ ōŜŜƴ 

estimated, based on their postcode ς similar to how IMD deciles were calculated. On 

the other hand, by actually enquiring about multiple births, the LBBS may have been 

further weakened. Each child in the study should have had a unique degree of 

exposure to the various risk factors being assessed; however, there is likely to have 

been an identical degree of exposure to many risk factors (e.g. ETS or other children) 

between twins ς due to them sharing the same environment. This makes their data 
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less independent, which subsequently makes the cross-sectional and longitudinal 

analyses harder to interpret. It may therefore have been beneficial to disregard one 

twin from the dataset, or to employ more advanced regression techniques. 315 

5.2.3 Attrition  

Attrition from ǘƘŜ [..{ ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ǿeaknesses. Attrition was greatest until 

the third questionnaire at 16-months-old, then plateaued thereafter. After five years, 

31.9% of the LBBS cohort was still responding to questionnaires. To contrast, after five 

years: ALSPAC was receiving responses from 80% of its cohort, MAAS was receiving 

responses from 89% of its cohort, and TCRS was receiving responses from 87% of its 

cohort. 274,277,278 The rate of attrition was therefore much higher in the LBBS, than in 

previous regional birth cohort studies. To keep their participants engaged, the previous 

studies utilised: websites, newsletters, social media updates, birthday cards, press 

briefings and local meetings. 271,272,281 Of these, the LBBS had birthday e-cards, a 

website and a newsletter. Due to the ever-changing research team, the latter two 

became neglected ς which may have resulted in disengagement, and then attrition, 

from some parents. A consistent research team has previously been proven to aid 

participant retention, as has: sending phone call reminders, offering alternative 

methods of data collecǘƛƻƴΣ ŀƴŘ ƛǎǎǳƛƴƎ ΨƭƻŎŀǘƻǊ ŘƻŎǳƳŜƴǘǎΩΦ 291 Although the LBBS did 

not issue telephone reminders, it did use email reminders to prevent attrition. The 

effectiveness of reminders is contradictory however: one systematic review found 

them to be the most useful tool for reducing attrition, yet another found them 

detrimental to response rates. 291,316 The LBBS did not offer a monetary incentive 

either, which is known to increase questionnaire response rate. 317  

The so-ŎŀƭƭŜŘ ΨŘƛƎƛǘŀƭ ŘƛǾƛŘŜΩ Ƴŀȅ ƘŀǾŜ ōŜŜƴ ŀ ƭƛƳƛǘŀǘƛƻƴ ƻŦ ǘƘŜ [..{Σ ǿƘƛŎƘ ŎƻƴǘǊƛōǳǘŜŘ 

towards attrition. 22% of parents indicated a desire to receive postal questionnaires 

during the pilot recruitment study, even though 97% of households with children in 

the UK had internet access in 2013. 318 This may have been an indication that the study 

was not accessible to the entire eligible study population, so when the LBBS stopped 

using postal questionnaires, those without internet access would have been forced to 

drop-out. That attrition was particularly high amongst deprived and less educated 

individuals in the LBBS, may therefore be explainable by poorer internet access rates 
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amongst these groups. 319,320 Given that deprivation and a lower level of maternal 

education are known risk factors for poor paediatric respiratory health (see Section 

нΦоύΣ ǘƘŜ ΨŘƛƎƛǘŀƭ ŘƛǾƛŘŜΩ Ƴŀȅ ŀƭǎƻ ƘŀǾŜ ǿŜŀƪŜƴŜŘ ǘƘe LBBS by introducing a severity 

bias. If the children who were most exposed to harmful risk factors, were also being 

forced to drop-out, then only the healthiest children would remain in the LBBS ς so 

average LRSQ scores would become lower.   

Despite the [..{Ωǎ ŀǘǘǊƛǘƛƻƴ ǊŀǘŜ ōŜƛƴƎ ƎǊŜŀǘŜǊ ǘƘŀƴ ƻǘƘŜǊ ǎǘǳŘƛŜǎΩΣ ǘƘŜ ŎƘŀǊŀŎǘŜristics 

of those who do drop-out are similar. Mothers who were younger, who were less 

educated, and who lived in deprived areas, were more likely to be lost to attrition in 

ALSPAC. 273 Mothers with the same characteristics were lost from the LBBS at a greater 

rate too ς ŜǎǇŜŎƛŀƭƭȅ ǘƘƻǎŜ ƭƛǾƛƴƎ ƛƴ ǘƘŜ Ƴƻǎǘ ŘŜǇǊƛǾŜŘ La5 ŘŜŎƛƭŜόǎύΦ hƴŜ ƻŦ ǘƘŜ [..{Ωǎ 

strengths therefore, was that in order to mitigate for imbalances in IMD decile 

representation throughout the study, the cohort was weighted during analysis. Results 

would have lacked ecological validity, and been unapplicable to the population of 

Liverpool, had the cohort not been weighted. Additionally, Koshy et al. found that 

attrition was markedly increased amongst children whose parents smoked during 

pregnancy. 321 Mothers who smoked during pregnancy were lost from the LBBS at a 

greater rate too. In the LBBS, there was also noticeable attrition from children who 

were: not breastfed, born prematurely, non-/ŀǳŎŀǎƛŀƴΣ ƻǊ ōƻǊƴ ŀǘ ŀ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩΦ   

Another of ǘƘŜ [..{Ωǎ ǎǘǊŜƴƎǘƘǎΣ ǿŀǎ ǘƘŀǘ ƛǘ ƘŀŘ ǾŜǊȅ ƭƛǘǘƭŜ Ǌƛǎƪ ƻŦ ōŜƛƴƎ ǳƴŀōƭŜ ǘƻ 

contact participants ς which should have prevented some attrition. Previous birth 

cohort studies have relied on contacting participants via post and landline telephone, 

because of poor accessibility to modern technology at the time; a change of address 

would therefore leave said participants uncontactable. !ǎ ǘƘŜ [..{ ǿŀǎ όǘƘŜ ¦YΩǎ ŦƛǊǎǘύ 

online birth cohort study, only a change of email address could have resulted in a 

failure to contact. Some attrition in the LBBS might also have been prevented, because 

the study was well-accepted by many parents. In the early PPI sessions, some parents 

were disappointed that they could not be further involved with the study. 285 This 

ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ǎǘǳŘȅΩǎ ƻōƧŜŎǘƛǾŜǎ ǿŜǊŜ ƛƳǇƻǊǘŀƴǘ ǘƻ ǇŀǊŜƴǘǎ ƛƴ [ƛǾŜǊǇƻƻƭΣ ŀƴŘ ǎƻ ǎŀƛŘ 

parents may have been endeavoured to remain involved with the study.  
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5.2.4 Cross-Sectional Analysis  

The cross-sectional analysis of LBBS was strengthened, by the concurrence of its 

results with the existing literature. As outlined in Section 2.3 of this thesis, respiratory 

health is known to be worse amongst children who: are male, attend nursery, have a 

co-morbidity, have a family history of atopy, are exposed to ETS, have a younger 

mother, or have a mother who smoked antenatally. That previous research supports 

the findings of the cross-sectional analysis, implies that the study was valid. The results 

of the cross-sectional analysis were also made more valid, because an effort was made 

to increase the statistical power of some of the analyses. Similar deprivation/maternal 

age/maternal education groups were combined for the cross-sectional analysis, to 

create fewer ς but larger ς groups. Not only did this provide less opportunity for issues 

relating to multiple testing to occur, but it also provided more statistical power when 

analysing the effects of deprivation/maternal age/maternal education upon 

respiratory health. The cross-sectional analysis still had limited statistical power 

however, because attrition from the LBBS resulted in large amounts of missing data. If 

the LBBS had more resources, some missing data (e.g. healthcare service attendance 

rates) could have been sourced from clinical records to increase the statistical power 

of its analyses ς just as BiB did, and C-GULL will in the future. 272,281,283  

The presence of type I errors in the results of the cross-sectional analysis, was one of 

ǘƘŜ [..{Ωǎ ǿŜŀƪƴŜǎses. Breastfeeding was associated with higher total LRSQ scores at 

34-months-old. Most literature describes breastfeeding as being protective towards 

paediatric respiratory health, such an effect was seen in various domains at the other 

timepoints. 59ς62 The type I error at 34-months-old is therefore likely to be a chance 

finding. The negative impact of smoking on respiratory health is well-established, yet 

at 16 and 34-months-old, higher domain scores were seen amongst children who were 

not exposed to ETS, or whose mother did not smoke antenatally. 56,111,135,140 These are 

also likely to be chance findings, but an alternative explanation is that the                     

cross-sectional analysis was inadvertently assessing the impact of ETS and vaping. As 

mentioned in Section 5.2.2 of this thesis, some parents may have reported their vaping 

ǎǘŀǘǳǎ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜƛǊ ǘƻōŀŎŎƻ ǎƳƻƪƛƴƎ ǎǘŀǘǳǎΦ !ƭǘƘƻǳƎƘ ΨǇŀǎǎƛǾŜ ǾŀǇƛƴƎΩ ƛǎ ōŜƭƛŜǾŜŘ 

to cause children to wheeze, cough and experience more frequent respiratory illness, 
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it may not be as harmful as ETS upon paediatric respiratory health ς thus potentially 

explaining why LRSQ scores were not necessarily worse amongst children who were 

exposed to ETS. 322 At 28 and 52-months-ƻƭŘΣ ŀ ΨƴƻǊƳŀƭΩ ōƛǊǘƘǿŜƛƎht was associated 

with higher total LRSQ scores and various domain scores. However, most research 

ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ŀ Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩ ƛǎ ŘŜǘǊƛƳŜƴǘŀƭ ǘƻ paediatric respiratory health, not 

vice versa. 98 Given how marginal the p-values for this particular risk factor were, its 

significance may have been over-exaggerated in the cross-sectional analysis. Prior 

research suggests that sharing a bedroom is adverse towards paediatric respiratory 

health; despite the LBBS finding the opposite to be true at 4-months-old, a type I error 

should not automatically be assumed, because research in the field is often 

contradictory. 111,133 That type I errors clearly exist in the cross-sectional results of the 

LBBS, does question how valid the rest of the results are ς so they should be 

interpreted with caution.     

Inaccurate reporting of respiratory symptoms could have been another weakness of 

the LBBS. Most parents are not medically-qualified, so their perception of what a 

symptom looks/sounds like may differ greatly from ŀ ƳŜŘƛŎŀƭ ǇǊƻŦŜǎǎƛƻƴŀƭΩǎΦ /ŀƴŜ ϧ 

McKenzie found that 59% of parents could identify a wheeze from a video clip, and 

47% could identify other respiratory noises (e.g. stridor). 323 If a lot of parents have 

ƳƛǎƛƴǘŜǊǇǊŜǘŜŘ ǘƘŜƛǊ ŎƘƛƭŘǊŜƴΩǎ ǎȅƳǇǘƻƳǎΣ ǘƘŜƴ ǘƘe prevalence of different respiratory 

symptoms throughout the cross-sectional analysis will have been reported in error. 

The impact that different risk factors have upon symptom prevalence, as well as LRSQ 

scores, should therefore be approached with caution too.  

The cross-sectional analysis of the LBBS was also likely to have been weakened by the 

use of univariate statistics. Lƴ ǘƘŜ ǊŜŀƭ ǿƻǊƭŘΣ ƛǘ ƛǎ ƘƛƎƘƭȅ ǇǊƻōŀōƭŜ ǘƘŀǘ ŀ ŎƘƛƭŘΩǎ 

respiratory health will be influenced by more than one risk factor. Thus, the fact that 

the presence of co-variates was not considered whilst conducting the cross-sectional 

analysis, may potentially have confounded the results. For example, the prevalence of 

RTIs is known to be higher amongst children who attend nursery, or live with other 

children; coughing is a common symptom of RTIs. 2,55,92,93,111 Therefore, if the LBBS 

were to find that children who attended nursery and lived with other children had an 

increased prevalence of coughing, then it would not be possible to conclude whether 
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both risk factors were genuinely responsible for the increase ς or whether they 

confounded each other. This is just a theoretical example. For the avoidance of doubt, 

multivariate statistics (e.g. multiple regression models) could have been used instead; 

multivariate statistics are able to establish a relationship between various risk factors, 

and an outcome. This removes the potentially confounding effects of co-variates, and 

makes results more reliable. 

Another strength of the cross-sectional analysis, was the minimal risk of it being 

confounded by recall bias. Recall bias is a phenomenon whereby respondents to a   

self-report questionnaire provide incorrect responses, because of their inability to 

accurately recall past events. 324 As a prospective birth cohort study, the LBBS only 

ǊŜǉǳƛǊŜŘ ǇŀǊŜƴǘǎ ǘƻ ǊŜŎŀƭƭ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ǎȅƳǇǘƻƳǎκƘŜŀƭǘƘŎŀǊŜ ǎŜǊǾƛŎŜ ŀǘǘŜƴŘŀƴŎŜ ƛƴ ǘƘŜ 

three months prior to completing a questionnaire. Three months is a relatively short 

recall period, so the influence of recall bias should have been low. 325  

The assumed linearity of correlations between total LRSQ score and total QoL score, 

may be an additional weakness of the cross-sectional analysis. There is a possibility 

that the relationship is actually non-linear. Figure 69 shows that at 40-months-old, 

total QoL score increases alongside total LRSQ score ς until the latter reaches around 

60; total QoL scores then appear to decrease, whilst total LRSQ scores continue to 

increase. Such a trend is likely apparent, because of outliers in the dataset. It should be 

noted however, that total QoL scores rarely reached values of more than 20 

throughout the LBBS. This suggests that extreme total QoL scores are unlikely to be 

achieved, and so total QoL scores might plŀǘŜŀǳ ƻƴŎŜ ǘƘŜ ǎŜǾŜǊƛǘȅ ƻŦ ŀ ŎƘƛƭŘΩǎ 

respiratory health (as reflected by their total LRSQ score) reaches a certain point. Such 

a phenomenon would lend further credence to the hypothesis, that the correlation 

between QoL and total LRSQ score is not entirely linear ς though additional data 

(especially from children with high total LRSQ scores) is required to test this 

hypothesis. 

5.2.5 Longitudinal Analysis  

Missing data is inevitable in cohort studies, because participants drop-out. 316 The 

longitudinal analysis of the LBBS was therefore strengthened by the use of multi-level 

mixed effects modelling, because unlike other analytical techniques (e.g. repeated 
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measures or multivariate ANOVA), mixed effects modelling can be performed without 

a complete dataset. 308 It could have been possible to complete the dataset with 

ƛƳǇǳǘŀǘƛƻƴΣ ǿƘƛŎƘ ƛƴǾƻƭǾŜǎ ǎǳōǎǘƛǘǳǘƛƴƎ ƳƛǎǎƛƴƎ Řŀǘŀ ǿƛǘƘ ŀ ΨōŜǎǘ ƎǳŜǎǎΩ ǾŀƭǳŜ (often 

based off of previous responses). 326,327 However, the fact that respiratory symptoms 

are prone to fluctuate oǾŜǊ ǘƛƳŜΣ ǿƻǳƭŘ ƘŀǾŜ ƳŀŘŜ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 

responses inappropriate. On the other hand, if only participants with a complete 

dataset had been used for the longitudinal analysis, then approximately 6% of the LBBS 

cohort would have been analysed. This would have reduced the statistical power of 

any analyses performed, and also made the cohort unrepresentative of the Liverpool 

population. 308,326   

That questionnaires in the LBBS were completed by parents, was another strength of 

the longitudinal analysis. le Coq et al. suggest that longitudinal studies benefit from 

parentally-completed questionnaires, because such questionnaires are better at 

detecting change, compared to those completed by children. 328 If parents were able 

to notice changes ƛƴ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎ throughout the LBBS, then the 

reporting of said symptoms would have been more accurate. The results of the 

longitudinal analysis can therefore be considered more reliable.   

Most results in the longitudinal analysis agree ǿƛǘƘ ƻǘƘŜǊǎΩ ŦƛƴŘƛƴƎǎΦ !ǎ ŘƛǎŎǳǎǎŜŘ ƛƴ  

Section 2.3 of this thesis, nursery attendance, having a co-morbidity, being born at a 

Ψƭƻǿ ōƛǊǘƘǿŜƛƎƘǘΩΣ ŀƴŘ ƘŀǾƛƴƎ ŀ ŦŀƳƛƭȅ ƘƛǎǘƻǊȅ ƻŦ ŀǘƻǇȅ ŀǊŜ ŀƭƭ ƪƴƻǿƴ Ǌƛǎƪ ŦŀŎǘƻǊǎ ŦƻǊ 

paediatric respiratory disease ς along with having a mother who was exposed to ETS 

during pregnancy. Having an older and/or more educated mother is known to be 

beneficial to paediatric respiratory health too. 84,104,123 The existing literature contains 

conflicting evidence as to how sharing a bedroom, and living with other children, 

impacts the prevalence of paediatric respiratory disease. 89,111,133 ¢ƘŜ [..{Ωǎ 

longitudinal analysis also produced conflicting evidence as to how sharing a bedroom 

affects the prevalence of respiratory disease in the pre-school period, however living 

with other children was only found to be increase the prevalence of respiratory 

disease.   

Not every result from the longitudinal analysis was supportive of existing research 

though. Breastfeeding is widely considered to be protective towards paediatric 
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respiratory health, yet the LBBS found breastfeeding for 1 to 4 months to cause an 

increase in total LRSQ scores, as well as domain 2 and domain 5 scores during the    

pre-school period. 59,61 The former two findings were marginally significant, so may be 

due to chance. However, it should be noted that more than four months of 

breastfeeding is typically associated with the protective effect ς which may explain 

why children who were breastfed for less time had worse scores. 54,60 Also, previous 

research by Wright et al. found that breastfeeding increased the risk of wheezing 

amongst atopic children with atopic mothers. 62 Since having a co-morbidity and 

having a family history of atopy were also in the relevant mixed effects models, the 

apparent detrimental effect of breastfeeding for 1 to 4 months should not immediately 

be assumed to be a type I error.  

5.2.6 Validation of the LRSQ  

The internal consistency of the LRSQ was stronger when analysed longitudinally, than 

when analysed cross-sectionally ς suggesting that the LRSQ is more suitable for 

longitudinal use, than for one-ƻŦŦ ǳǎŜΦ ¢ƘŜ [w{v ǎƘƻǿŜŘ ǉǳŜǎǘƛƻƴŀōƭŜ όʰ җ лΦсύ ǘƻ ƎƻƻŘ 

όʰ җ лΦуύ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ǿƘŜƴ ǳǎŜŘ ŎǊƻǎǎ-sectionally, which is similar to the 

findings of when Trinick et al. used the questionnaire on pre-school-aged children with 

CF. 147 Trinick et al. also found the internal consistency of domain 2 to be weakened, by 

including the question about snoring. 147 The LBBS does not support this finding, 

because the alpha of domain 2 was increased by including the question. The LBBS did 

however find that the internal consistency of domain 3 was marginally weakened by 

asking about the number of colds that a child had experienced.   

The number of children used to validate the LRSQ for longitudinal use, was another 

strength of the validation. 114 children were used to validate the original LRSQ, which 

has drawn criticism from Strippoli et al. for being too small a sample. 143,185 All 687 

children in the LBBS cohort were included in the validation, because test-retest 

stability was not being assessed. Test-retest stability is a measure of reliability, which 

ǊŜǇǊŜǎŜƴǘǎ ŀ ǘƻƻƭΩǎ ŀǇǘƛǘǳŘŜ ŦƻǊ ǊŜǇǊƻŘǳŎƛƴƎ ǘƘŜ ǎŀƳŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ŀ ǳǎŜǊΣ ǿƘŜƴ 

delivered at different timepoints. In the LBBS, it was ŜȄǇŜŎǘŜŘ ǘƘŀǘ ŀ ŎƘƛƭŘΩǎ ǊŜǎǇƻƴǎŜǎ 

to the LRSQ would change between timepoints ς so assessing test-retest stability was 

not applicable. If test-retest stability had been assessed, then children would have to 
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of been excluded if they had missing data ς as they were in the original validation ς so 

ǘƘŜ [..{Ω ǎŀƳǇƭŜ ǿƻǳƭŘ ƘŀǾŜ been far smaller. However, test-retest stability could 

have been assessed ad hoc, using duplicated responses from the uncleansed dataset. 

The accessibility of the LRSQ was a limitation of the its validation. The questionnaire is 

appropriately readable, because a Flesch reading ease test was conducted as part of its 

original validation. 143 However, because the LRSQ has not been validated in a 

language other than English, it cannot be used on non-English-speaking parents. This 

prevents it from being used in future longitudinal studies, in many locations across the 

ǿƻǊƭŘΦ !ƴƻǘƘŜǊ ǿŜŀƪƴŜǎǎ ƻŦ ǘƘŜ [w{vΩǎ ǾŀƭƛŘŀǘƛƻƴ ǿŀǎ ǘƘŜ ŎƻƴŦƻǳƴŘƛƴƎ ŜŦŦŜŎt of the 

ŦƻǳǊǘƘ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǳǇƻƴ ŀƭƭ ƻŦ ǘƘŜ [w{vΩǎ domains. There is no apparent logic behind 

this finding, so it likely to be due to chance. If the fourth questionnaire were to be 

ŜȄŎƭǳŘŜŘ ŦǊƻƳ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŎŀƭŎǳƭŀǘƛƻƴǎΣ ǘƘŜ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ƻŦ every domain 

would improve ς and six domains (instead of four) would display excellent internal 

consistency.  

5.3 Future Opportunities  

Previous validations of the LRSQ, including its longitudinal validation, have all been 

conducted by the same group of researchers. 143,146,147 For the questionnaire to have 

more ecological validity, it should be further validated by an independent research 

department outside of Liverpool. It would also be advantageous to validate the LRSQ in 

additional languages, to facilitate its use outside of anglophone countries. Additionally, 

if a clinically meaningful change in LRSQ score ς according to both clinicians and 

parents ς was calculated, then the questionnaire could be validated as not just a tool 

for measuring symptom prevalence, but also for monitoring disease severity/control. 

Many other paediatric respiratory symptom questionnaires have established clinically 

ƳŜŀƴƛƴƎŦǳƭ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜƛǊ ǎŎƻǊŜΣ ŀǎ ŀ ǿŀȅ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ ǿƘŜǘƘŜǊ ŀ ŎƘƛƭŘΩǎ ǎȅƳǇǘƻƳǎ 

and/or QoL are worsening. 174,187,191,197,202,208,217,246 

The LBBS has clearly identified how the respiratory health of pre-school-aged children 

is detrimentally impacted by: being male, having a co-morbidity, attending nursery, 

having a family history of atopy, and having a younger mother. Therefore, future 

research should now focus on how less-clearly established risk factors, as identified by 
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the LBBS, impact paediatric respiratory health. Such research could investigate: 

maternal education, living with other children, sharing a bedroom, birthweight, and 

multiple birth.   

Data collection for the LBBS ended eighteen months before the height of the COVID-19 

pandemic, but the study still has access to its cohort of children and parents. If some of 

the cohort was willing to get reinvolved with the LBBS, then near-future research could 

investigate how the pandemic affected the respiratory health and QoL of primary 

school children, as well as their parents.  

Finally, the LBBS will aim to make its (anonymised) dataset publicly available, for 

external researchers to use. There is potential for this dataset to be used in systematic 

reviews, meta-analyses or epidemiological studies. The dataset could even be 

incorporated into a larger birth cohort study ς not unlike MeDALL. 329   
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Chapter 6: Conclusions 

The LBBS studied a population that somewhat differed from the actual population of 

Liverpool. The LBBS cohort represented 5.5% of infants who were eligible to 

participate. Compared to what was expected, the study cohort was comprised of: 

lower birthweight infants, more breastfed infants, fewer families in deprivation, more 

Caucasian infants, more premature infants, older mothers, more educated mothers, 

and fewer mothers who smoked antenatally. Over 65% of the cohort was lost to 

attrition ς mostly in the first sixteen months of study. More deprived families and less 

educated mothers were particularly likely to drop-out of the LBBS, thus accentuating 

any disparities between the LBBS cohort and the population of Liverpool.  

From the cross-sectional and longitudinal analyses, several risk factors have been 

found to significantly increase the prevalence of respiratory symptoms during the first 

five years of life. These include: having a co-morbidity, nursery attendance, having a 

family history of atopy, being male, not sharing a bedroom, and having a younger 

mother. Other risk factors affect the prevalence of respiratory symptoms too, but with 

less consistency. Children who experience an increased prevalence of respiratory 

symptoms, experience a poorer QoL as well ς ōǳǘ ƴƻǘ ŀǎ ǇƻƻǊ ŀǎ ǘƘŜƛǊ ǇŀǊŜƴǘǎΩΦ  

However, said children do not necessarily frequent healthcare services more regularly. 

In order to reduce the prevalence of respiratory symptoms in future generations of       

pre-school-aged children, and subsequently improve their QoL, it will be important to 

address the aforementioned underlying risk factors.  

The LBBS has also proven that the LRSQ is a valid tool to use in longitudinal studies of 

pre-school-aged children. Across the first five years of life, the questionnaire shows 

good to excellent internal consistency in its eight domains. It has already been 

established to have good face validity, but will need further validation from an 

independent cohort of pre-school-aged children.



214 
 

References 
1.  Upton C, Thalange N. Respiration. In: Essentials of Paediatrics. 2nd ed. Saunders; 2013. p. 99ς117.  
2.  Lissauer T, Carroll W. Respiratory Disorders. In: Illustrated Textbook of Paediatrics. 5th ed. Elsevier Limited; 2017. p. 

294ς319.  
3.  Burki TK. The economic cost of respiratory disease in the UK. The Lancet Respiratory Medicine. 2017 May;5(5):381.  
4.  Panickar JR, Dodd SR, Smyth RL, Couriel JM. Trends in deaths from respiratory illness in children in England and Wales 

from 1968 to 2000. Thorax. 2005 Dec 1;60(12):1035ς8.  
5.  British Lung Foundation. Lung disease in the UK ς big picture statistics [Internet]. [cited 2020 Dec 4]. Available from: 

https://statistics.blf.org.uk/lung-disease-uk-big-picture 
6.  World Health Organization. Pneumonia [Internet]. 2019 [cited 2020 Nov 23]. Available from: 

https://www.who.int/news-room/fact-sheets/detail/pneumonia 
7.  Marcdante KJ, Kliegman R. Allergic Rhinitis. In: Nelson Essentials of Pediatrics. 8th ed. Philadelphia: Elsevier Inc.; 2018. p. 

323ς5.  
8.  Finkas LK, Katial RK. Rhinitis. In: ENT Secrets. 4th ed. Philadelphia: Elsevier Inc.; 2015. p. 167ς72.  
9.  British Lung Foundation. Asthma statistics [Internet]. [cited 2020 Dec 4]. Available from: 

https://statistics.blf.org.uk/asthma 
10.  Nino G. BrƻƴŎƘƛƻƭƛǘƛǎ ŀƴŘ ²ƘŜŜȊƛƴƎΦ LƴΥ bŜǘǘŜǊΩǎ tŜŘƛŀǘǊƛŎǎΦ мǎǘ ŜŘΦ tƘƛƭŀŘŜƭǇƘƛŀΥ {ŀǳƴŘŜǊǎΤ нлммΦ ǇΦ нмуς23.  
11.  .ŀƭƭ W²Σ 5ŀƛƴǎ W9Σ Cƭȅƴƴ W!Σ {ƻƭƻƳƻƴ .{Σ {ǘŜǿŀǊǘ w²Φ /ƘŜǎǘ ŀƴŘ [ǳƴƎǎΦ LƴΥ {ŜƛŘŜƭΩǎ DǳƛŘŜ ǘƻ tƘȅǎƛŎŀƭ 9ȄŀƳƛƴŀǘƛƻƴΥ !ƴ 

Interprofessional Approach. 9th ed. St Louis: Elsevier Inc.; 2018. p. 283ς316.  
12.  National Institute for Health and Care Excellence. Asthma: diagnosis, monitoring and chronic asthma management. 

2017.  
13.  Carroll KN, Wu P, Gebretsadik T, Griffin MR, Dupont WD, Mitchel EF, et al. Season of infant bronchiolitis and estimates of 

subsequent risk and burden of early childhood asthma. The Journal of allergy and clinical immunology. 2009 
Apr;123(4):964ς6.  

14.  Dargaville PA, South M, McDougall PN. Surfactant abnormalities in infants with severe viral bronchiolitis. Archives of 
Disease in Childhood. 1996 Aug 1;75(2):133ς6.  

15.  Jat KR, Chawla D. Surfactant therapy for bronchiolitis in critically ill infants. Vol. 2015, Cochrane Database of Systematic 
Reviews. John Wiley and Sons Ltd; 2015.  

16.  Marcdante KJ, Kliegman RM. Croup (Laryngotracheobronchitis). In: Nelson Essentials of Pediatrics. 8th ed. Philadelphia: 
Elsevier Inc.; 2018. p. 398ς400.  

17.  Cystic Fibrosis Trust. Cystic fibrosis complications and symptoms [Internet]. [cited 2021 Jun 10]. Available from: 
https://www.cysticfibrosis.org.uk/what-is-cystic-fibrosis/how-does-cystic-fibrosis-affect-the-body/cystic-fibrosis-
complications 

18.  National Institute for Health and Care Excellence. Cystic fibrosis: diagnosis and management. NICE; 2017.  
19.  Atik A, Krilis M. Epiglottitis in a vaccinated child: a lifesaving diagnosis. Hong Kong Journal of Emergency Medicine. 

2012;19(2):138ς40.  
20.  Public Health England. The National Childhood Flu Immunisation Programme 2019/20: Information for healthcare 

practitioners. 2019.  
21.  National Institute for Health and Care Excellence. Influenza - seasonal: How common is it? [Internet]. 2019 [cited 2020 

Apr 5]. Available from: https://cks.nice.org.uk/influenza-seasonal#!backgroundSub:1 
22.  World Health Organization. Influenza (Seasonal) [Internet]. 2018 [cited 2020 Apr 5]. Available from: 

https://www.who.int/en/news-room/fact-sheets/detail/influenza-(seasonal) 
23.  Public Health England. Greenbook of Immunisation: Chapter 19 - Influenza. 2019.  
24.  Ison MG, Hayden FG. Influenza - Goldman-Cecil Medicine, , .e3. In: Goldman-Cecil Medicine. Philadelphia: Elsevier; 2019. 

p. 2156ς62.  
25.  Everitt AR, Clare S, Pertel T, John SP, Wash RS, Smith SE, et al. IFITM3 restricts the morbidity and mortality associated 

with influenza. Nature. 2012 Apr 26;484(7395):519ς23.  
26.  Marcdante KJ, Kliegman RM. Pneumonia. In: Nelson Essentials of Pediatrics. 8th ed. Philadelphia: Elsevier Inc.; 2018. p. 

402ς8.  
27.  Gnani S, Morton S, Ramzan F, Davison M, Ladbrooke T, Majeed A, et al. Healthcare use among preschool children 

attending GP-led urgent care centres: A descriptive, observational study. BMJ Open. 2016 Jun 1;6(6):e010672.  
28.  National Health Service. Respiratory tract infections (RTIs) [Internet]. 2018 [cited 2020 Nov 24]. Available from: 

https://www.nhs.uk/conditions/respiratory-tract-infection/ 
29.  Latzin P, Frey U, Roiha HL, Baldwin DM, Regamey N, Strippoli MPF, et al. Prospectively assessed incidence, severity, and 

determinants of respiratory symptoms in the first year of life. Pediatric Pulmonology. 2007 Jan;42(1):41ς50.  
30.  Polverino M, Polverino F, Fasolino M, Andò F, Alfieri A, De Blasio F. Anatomy and neuro-pathophysiology of the cough 

reflex arc. Vol. 7, Multidisciplinary Respiratory Medicine. BioMed Central Ltd.; 2012. p. 1ς5.  
31.  Dennis M, Bowen WT, Cho L. Respiratory Signs. In: Mechanisms of Clinical Signs. 3rd ed. Chatswood: Elsevier Australia; 

2020. p. 85ς173.  
32.  Banzett RB, Lansing RW, Binks AP. Air Hunger: A Primal Sensation and a Primary Element of Dyspnea. 2021;  
33.  Scano G, Ambrosino N. Pathophysiology of Dyspnea. Lung. 2002 May 27;180(3):131ς48.  
34.  University of Iowa Health Care. Iowa Head and Neck Protocols: The Evaluation of Stridor in Pediatric Patients [Internet]. 

2019 [cited 2020 Nov 16]. Available from: https://medicine.uiowa.edu/iowaprotocols/evaluation-stridor-pediatric-
patients 

35.  IŀǘƘƻǊƴ LΦ ¢ƘŜ ŜŀǊΣ ƴƻǎŜ ŀƴŘ ǘƘǊƻŀǘΦ LƴΥ aŀŎƭŜƻŘΩǎ /ƭƛƴƛŎŀƭ 9ȄŀƳƛƴŀǘƛƻƴΦ мпǘƘ ŜŘΦ 9ƭǎŜǾƛŜǊ [ǘŘΤ нлмуΦ ǇΦ мтмς91.  
36.  Scholes S, Mindell JS. Health Survey for England 2018: Asthma. 2019 Dec.  
37.  Asthma UK. Asthma facts and statistics [Internet]. [cited 2020 Nov 18]. Available from: 

https://www.asthma.org.uk/about/media/facts-and-statistics/ 



215 
 

38.  Kwong CG, Bacharier LB. Phenotypes of wheezing and asthma in preschool children. Current opinion in allergy and 
clinical immunology. 2019;19(2):148ς53.  

39.  Henderson J, Granell R, Heron J, Sherriff A, Simpson A, Woodcock A, et al. Associations of wheezing phenotypes in the 
first 6 years of life with atopy, lung function and airway responsiveness in mid-childhood. Thorax. 2008 Nov;63(11):974ς
80.  

40.  Brand PLP, Baraldi E, Bisgaard H, Boner AL, Castro-Rodriguez JA, Custovic A, et al. Definition, assessment and treatment 
of wheezing disorders in preschool children: An evidence-based approach. European Respiratory Journal. 2008 
Oct;32(4):1096ς110.  

41.  Esposito S, Tenconi R, Lelii M, Preti V, Nazzari E, Consolo S, et al. Possible molecular mechanisms linking air pollution and 
asthma in children. Vol. 14, BMC Pulmonary Medicine. BioMed Central; 2014. p. 31.  

42.  Kurt OK, Zhang J, Pinkerton KE. Pulmonary health effects of air pollution. Vol. 22, Current Opinion in Pulmonary 
Medicine. Lippincott Williams and Wilkins; 2016. p. 138ς43.  

43.  British Lung Foundation. The health and economic impacts of toxic air in Liverpool City Region. 2020 Jan.  
44.  aǳŘǿŀȅ L{Σ 5ǳƴŘŀǎ LΣ ²ƻƻŘ I9Σ aŀǊƭƛƴ bΣ WŀƳŀƭǳŘƛƴ W.Σ .ǊŜƳƴŜǊ {!Σ Ŝǘ ŀƭΦ LƳǇŀŎǘ ƻŦ [ƻƴŘƻƴΩǎ ƭƻǿ ŜƳƛǎǎƛƻƴ ȊƻƴŜ ƻƴ ŀƛǊ 

ǉǳŀƭƛǘȅ ŀƴŘ ŎƘƛƭŘǊŜƴΩǎ ǊŜǎǇiratory health: a sequential annual cross-sectional study. The Lancet Public Health. 2019 
Jan;4(1):e28ς40.  

45.  Gauderman WJ, Avol E, Lurmann F, Kuenzli N, Gilliland F, Peters J, et al. Childhood Asthma and Exposure to Traffic and 
Nitrogen Dioxide. Epidemiology. 2005 Nov;16(6):737ς43.  

46.  Esposito S, Galeone C, Lelii M, Longhi B, Ascolese B, Senatore L, et al. Impact of air pollution on respiratory diseases in 
children with recurrent wheezing or asthma. BMC Pulmonary Medicine. 2014 Aug 7;14(1):130.  

47.  Van Vliet P, Knape M, De Hartog J, Janssen N, Harssema H, Brunekreef B. Motor vehicle exhaust and chronic respiratory 
symptoms in children living near freeways. Environmental Research. 1997;74(2):122ς32.  

48.  Siddique S, Ray MR, Lahiri T. Effects of air pollution on the respiratory health of children: A study in the capital city of 
India. Air Quality, Atmosphere and Health. 2011 Jun 13;4(2):95ς102.  

49.  .ǊƛǘƛǎƘ [ǳƴƎ CƻǳƴŘŀǘƛƻƴΦ Iƻǿ ŘƻŜǎ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ ŀŦŦŜŎǘ ŎƘƛƭŘǊŜƴΩǎ ƭǳƴƎǎΚ ώLƴǘŜǊƴŜǘϐΦ нлмф ώŎƛǘŜŘ нлнл Oct 28]. Available 
from: https://www.blf.org.uk/support-for-you/risks-to-childrens-lungs/air-pollution 

50.  Brauer M, Hoek G, Smit HA, de Jongste JC, Gerritsen J, Postma DS, et al. Air pollution and development of asthma, allergy 
and infections in a birth cohort. European Respiratory Journal. 2007 May 1;29(5):879ς88.  

51.  Sichletidis L, Pataka A. The effects of environmental pollution on the respiratory system of children in Western 
Macedonia, Greece. Vol. 15, J Invest Allergol Clin Immunol. 2005.  

52.  Barnett AG, Williams GM, Schwartz J, Neller AH, Best TL, Petroeschevsky AL, et al. Air pollution and child respiratory 
health: A case-crossover study in Australia and New Zealand. American Journal of Respiratory and Critical Care Medicine. 
2005 Jun 1;171(11):1272ς8.  

53.  Marfortt DA, Josviack D, Lozano A, Cuestas E, Agüero L, Castro-Rodriguez JA. Differences between preschoolers with 
ŀǎǘƘƳŀ ŀƴŘ ŀƭƭŜǊƎƛŜǎ ƛƴ ǳǊōŀƴ ŀƴŘ ǊǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎΦ ¢ƘŜ WƻǳǊƴŀƭ ƻŦ ŀǎǘƘƳŀ Υ ƻŦŦƛŎƛŀƭ ƧƻǳǊƴŀƭ ƻŦ ǘƘŜ !ǎǎƻŎƛŀǘƛƻƴ ŦƻǊ ǘƘŜ 
Care of Asthma. 2018;55(5):470ς6.  

54.  Fredriksson P, Jaakkola N, Jaakkola JJK. Breastfeeding and childhood asthma: A six-year population-based cohort study. 
BMC Pediatrics. 2007 Nov 28;7.  

55.  Puig C, Sunyer J, Garcia-Algar O, Muñoz L, Pacifici R, Pichini S, et al. Incidence and risk factors of lower respiratory tract 
illnesses during infancy in a Mediterranean birth cohort. Acta Paediatrica, International Journal of Paediatrics. 2008 
Oct;97(10):1406ς11.  

56.  Liverpool Public Health Epidemiology Team. State of Child Health Report-Liverpool 2019. 2019.  
57.  Fisk CM, Crozier SR, Inskip HM, Godfrey KM, Cooper C, Roberts GC, et al. Breastfeeding and reported morbidity during 

ƛƴŦŀƴŎȅΥ ŦƛƴŘƛƴƎǎ ŦǊƻƳ ǘƘŜ {ƻǳǘƘŀƳǇǘƻƴ ²ƻƳŜƴΩǎ {ǳǊǾŜȅΦ aŀǘŜǊƴŀƭ ϧ /ƘƛƭŘ bǳǘǊƛǘƛƻƴΦ нлмм WŀƴΤтόмύΥсмς70.  
58.  Dogaru CM, Nyffenegger D, Pescatore AM, Spycher BD, Kuehni CE. Breastfeeding and childhood asthma: systematic 

review and meta-analysis. American journal of epidemiology. 2014 May 15;179(10):1153ς67.  
59.  Castro-Rodriguez JA, Forno E, Rodriguez-Martinez CE, Celedón JC. Risk and Protective Factors for Childhood Asthma: 

What Is the Evidence? Journal of Allergy and Clinical Immunology: In Practice [Internet]. 2016 Nov 1 [cited 2020 Oct 
27];4(6):1111ς22. Available from: /pmc/articles/PMC5107168/?report=abstract 

60.  Oddy WH, Sly PD, de Klerk NH, Landau LI, Kendall GE, Holt PG, et al. Breast feeding and respiratory morbidity in infancy: 
A birth cohort study. Archives of Disease in Childhood. 2003 Mar 1;88(3):224ς8.  

61.  Silvers KM, Frampton CM, Wickens K, Epton MJ, Pattemore PK, Ingham T, et al. Breastfeeding protects against adverse 
respiratory outcomes at 15 months of age. Maternal and Child Nutrition. 2009;5(3):243ς50.  

62.  Wright AL, Holberg CJ, Taussig LM, Martinez FD. Factors influencing the relation of infant feeding to asthma and 
recurrent wheeze in childhood. Thorax [Internet]. 2001 Mar;56(3):192ς7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/11182011 

63.  Galton Bachrach VR, Schwarz E, Lela ;, Bachrach R. Breastfeeding and the Risk of Hospitalization for Respiratory Disease 
in Infancy A Meta-analysis. Vol. 157, Arch Pediatr Adolesc Med. 2003.  

64.  Liu YQ, Qian Z, Wang J, Lu T, Lin S, Zeng XW, et al. Breastfeeding modifies the effects of environment tobacco smoke 
exposure on respiratory diseases and symptoms in Chinese children: the Seven Northeast Cities Study. Indoor Air. 2016 
Aug 1;26(4):614ς22.  

65.  Launes C, García-García JJ, Martínez-Planas A, Moraga F, Soldevila N, Astigarraga I, et al. Clinical features of influenza 
disease in admitted children during the first postpandemic season and risk factors for hospitalization: A multicentre 
Spanish experience. Clinical Microbiology and Infection. 2013 Mar 1;19(3):E157ς62.  

66.  Greenbaum AH, Chen J, Reed C, Beavers S, Callahan D, Christensen D, et al. Hospitalizations for severe lower respiratory 
tract infections. Pediatrics. 2014 Sep 1;134(3):546ς54.  

67.  Rylance J, McHugh G, Metcalfe J, Mujuru H, Nathoo K, Wilmore S, et al. Chronic lung disease in HIV-infected children 
established on antiretroviral therapy. AIDS. 2016 Nov 28;30(18):2795ς803.  

68.  Trinick RE, Bunni L, Thorburn K, Hackett AP, Dalzell M, McNamara PS. An observational study examining the relationship 
between respiratory symptoms, airway inflammation and bacteriology in children with severe neurodisability. PLoS ONE. 
2015 Apr 8;10(4).  



216 
 

69.  Skirrow H, Wincott T, Cecil E, Bottle A, Costelloe C, Saxena S. Preschool respiratory hospital admissions following infant 
bronchiolitis: a birth cohort study. Archives of Disease in Childhood. 2019 Jul;104(7):658ς63.  

70.  Karevold G, Kvestad E, Nafstad P, Kværner KJ. Respiratory infections in schoolchildren: Co-morbidity and risk factors. 
Archives of Disease in Childhood. 2006 May;91(5):391ς5.  

71.  Lee Y-S, Tsao P-C, Jeng M-J, Soong W-J. The comorbidities and risk factors in children with congenital airway anomalies. 
Medicine. 2018 May 1;97(18):e0561.  

72.  Sinha IP, Lee AR, Bennett D, McGeehan L, Abrams EM, Mayell SJ, et al. Child poverty, food insecurity, and respiratory 
health during the COVID-19 pandemic. The Lancet Respiratory Medicine. 2020 Aug 1;8(8):762ς3.  

73.  Moore HC, de Klerk N, Blyth CC, Gilbert R, Fathima P, Zylbersztejn A, et al. Temporal trends and socioeconomic 
differences in acute respiratory infection hospitalisations in children: an intercountry comparison of birth cohort studies 
in Western Australia, England and Scotland. BMJ Open. 2019 May;9(5):e028710.  

74.  Hawker JI, Olowokure B, Sufi F, Weinberg J, Gill N, Wilson RC. Social deprivation and hospital admission for respiratory 
infection: Ecological study. Respiratory Medicine. 2003;97(11):1219ς24.  

75.  Homaira N, Mallitt KA, Oei JL, Hilder L, Bajuk B, Lui K, et al. Risk factors associated with RSV hospitalisation in the first 2 
years of life, among different subgroups of children in NSW: A whole-of-population-based cohort study. BMJ Open. 2016 
Jun 1;6(6).  

76.  Foley D, Best E, Reid N, Berry M (Mary) J. Respiratory health inequality starts early: The impact of social determinants on 
the aetiology and severity of bronchiolitis in infancy. Journal of Paediatrics and Child Health. 2019 May 1;55(5):528ς32.  

77.  hΩ5ƻƴƴŜƭƭ 5Σ tŀǊǎƭƻǿ wΣ 5ǊŀǇŜǊ 9Φ 5ŜǇǊƛǾŀǘƛƻƴΣ ŜǘƘƴƛŎƛǘȅ ŀƴŘ ǇǊŜƳŀǘǳǊƛǘȅ ƛƴ ƛƴŦŀƴǘ ǊŜǎǇƛǊŀǘƻǊȅ ŦŀƛƭǳǊŜ ƛƴ tL/¦ ƛƴ ǘƘŜ ¦YΦ 
Acta Paediatrica. 2010 Mar 18;99(8):1186ς91.  

78.  Poyser MA, Nelson H, Ehrlich RI, Bateman ED, Parnell S, Puterman A, et al. Socioeconomic deprivation and asthma 
prevalence and severity in young adolescents. European Respiratory Journal. 2002 May 1;19(5):892ς8.  

79.  Austin JB, Selvaraj S, Godden D, Russell G. Deprivation, smoking, and quality of life in asthma. Archives of Disease in 
Childhood. 2005 Mar 1;90(3):253ς7.  

80.  Pool JB, Greenough A. Ethnic variation in respiratory function in young children. Respiratory Medicine. 1989;83(2):123ς
5.  

81.  Lum S, Bountziouka V, Sonnappa S, Wade A, Cole TJ, Harding S, et al. Lung function in children in relation to ethnicity, 
physique and socioeconomic factors. European Respiratory Journal. 2015 Dec 1;46(6):1662ς71.  

82.  Boardman JD, Finch BK, Hummer RA. Race/ethnic differences in respiratory problems among a nationally-representative 
cohort of young children in the United States. Population Research and Policy Review. 2001;20(3):187ς206.  

83.  Ganesh B, Payton Scally C, Zhu J, Skopec L. The Relationship between Housing and Asthma among School-Age Children. 
2017.  

84.  Singleton RJ, Wirsing EA, Haberling DL, Christensen KY, Paddock CD, Hilinski JA, et al. Risk factors for lower respiratory 
tract infection death among infants in the United States, 1999-2004. Pediatrics. 2009;124(4).  

85.  DǊŀȅ [9YΣ tƻƴǎƻƴōȅ !Σ [ƛƴ ¢·Σ hΩIŜƭȅ aΣ /ƻƭƭƛŜǊ CΣ wŀƴƎŀƴŀǘƘŀƴ {Σ Ŝǘ ŀƭΦ IƛƎƘ ƛƴŎƛŘŜƴŎŜ ƻŦ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜ ƛƴ 
Australian infants despite low rate of maternal cigarette smoking. Journal of Paediatrics and Child Health. 2019 Dec 
29;55(12):1437ς44.  

86.  Venero-Fernández SJ, Suárez-Medina R, Mora-Faife EC, García-García G, Valle-Infante I, Gómez-Marrero L, et al. Risk 
factors for wheezing in infants born in cuba. QJM. 2013;106(11):1023ς9.  

87.  Pellegrini-Belinchón J, Lorente-Toledano F, Galindo-Villardón P, González-Carvajal I, Martín-Martín J, Mallol J, et al. 
Factors associated to recurrent wheezing in infants under one year of age in the province of Salamanca, Spain: Is 
intervention possible? A predictive model. Allergologia et Immunopathologia. 2016 Jul 30;44(5):393ς9.  

88.  Bercedo-Sanz A, Lastra-Martínez L, Pellegrini-Belinchón J, Vicente-Galindo E, Lorente-Toledano F, García-Marcos L. 
Wheezing and risk factors in the first year of life in Cantabria, Spain. The EISL study. Allergologia et Immunopathologia. 
2015 Nov 1;43(6):543ς52.  

89.  Nicolaou NC, Simpson A, Lowe LA, Murray CS, Woodcock A, Custovic A. Day-care attendance, position in sibship, and 
early childhood wheezing: a population-based birth cohort study. The Journal of allergy and clinical immunology 
[Internet]. 2008 Sep [cited 2020 Oct 25];122(3):500-6.e5. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18774386 

90.  Goetghebuer T, Kwiatkowski D, Thomson A, Hull J. Familial susceptibility to severe respiratory infection in early life. 
Pediatric pulmonology. 2004 Oct;38(4):321ς8.  

91.  /ŀǊŘƻǎƻ aw!Σ /ƻǳǎŜƴǎ {bΣ 5Ŝ DƽŜǎ {ƛǉǳŜƛǊŀ [CΣ !ƭǾŜǎ CaΣ 5Ω!ƴƎŜƭƻ [! ±Φ /ǊƻǿŘƛƴƎΥ wƛǎƪ ŦŀŎǘƻǊ ƻǊ ǇǊƻǘŜŎǘƛǾŜ ŦŀŎǘƻǊ ŦƻǊ 
lower respiratory disease in young children? BMC Public Health. 2004 Jun 3;4(1):1ς8.  

92.  Alexandrino AS, Santos R, Melo C, Bastos JM. Risk factors for respiratory infections among children attending day care 
centres. Family Practice. 2016 Apr 1;33(2):161ς6.  

93.  McConnochie KM, Roghmann KJ. Parental Smoking, Presence of Older Siblings, and Family History of Asthma Increase 
Risk of Bronchiolitis. Archives of Pediatrics & Adolescent Medicine. 1986 Aug 1;140(8):806.  

94.  Strachan DP, Aït-Khaled N, Foliaki S, Mallol J, Odhiambo J, Pearce N, et al. Siblings, asthma, rhinoconjunctivitis and 
eczema: A worldwide perspective from the International Study of Asthma and Allergies in Childhood. Clinical and 
Experimental Allergy. 2015 Jan 1;45(1):126ς36.  

95.  Schachter EN, Rohr A, Habre R, Koutrakis P, Moshier E, Nath A, et al. Indoor air pollution and respiratory health effects in 
inner city children with moderate to severe asthma. Air Quality, Atmosphere and Health. 2020 Feb 1;13(2):247ς57.  

96.  YŜƭƭȅ {Σ wŜƴǿƛŎƪ {Σ {ƳŀǊǘ WΣ ²ƛƭǎƻƴ 5Φ [ƛǾŜǊǇƻƻƭΩǎ Wƻƛƴǘ {ǘǊŀǘŜƎƛŎ bŜŜŘǎ !ǎǎŜǎǎƳŜƴǘ - Long Term Conditions: Respiratory 
Disease [Internet]. 2017 Aug [cited 2020 Oct 8]. Available from: www.england.nhs.uk/comm-for-value/ 

97.  Fakunle AG, Ana GR, Olaiya MT. Housing quality and risk of acute respiratory infections among hospitalized children 
under five in Ibadan, Nigeria. Indoor and Built Environment [Internet]. 2016 Dec 28 [cited 2020 Oct 28];25(8):1259ς66. 
Available from: http://journals.sagepub.com/doi/10.1177/1420326X15599044 

98.  Caudri D, Wijga A, Gehring U, Smit HA, Brunekreef B, Kerkhof M, et al. Respiratory symptoms in the first 7 years of life 
and birth weight at term: the PIAMA Birth Cohort. American journal of respiratory and critical care medicine [Internet]. 
2007 May 15;175(10):1078ς85. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17290040 



217 
 

99.  He B, Kwok MK, Au Yeung SL, Lin SL, Leung JYY, Hui LL, et al. Birth weight and prematurity with lung function at ~17.5 
ȅŜŀǊǎΥ ά/ƘƛƭŘǊŜƴ ƻŦ мффтέ ōƛǊǘƘ ŎƻƘƻǊǘΦ {ŎƛŜƴǘƛŦƛŎ wŜǇƻǊǘǎΦ нлнл 5ŜŎ мрΤмлόмύΥопмΦ  

100.  Brew BK, Marks GB. Perinatal factors and respiratory health in children. Clinical & Experimental Allergy. 2012 
Nov;42(11):1621ς9.  

101.  Mu M, Ye S, Bai M-J, Liu G-L, Tong Y, Wang S-F, et al. Birth Weight and Subsequent Risk of Asthma: A Systematic Review 
and Meta-Analysis. Heart, Lung and Circulation. 2014 Jun;23(6):511ς9.  

102.  Mebrahtu TF, Feltbower RG, Greenwood DC, Parslow RC. Birth weight and childhood wheezing disorders: a systematic 
review and meta-analysis. Journal of Epidemiology and Community Health. 2015 May;69(5):500ς8.  

103.  Cilla G, Sarasua A, Montes M, Arostegui N, Vicente D, Pérez-Yarza E, et al. Risk factors for hospitalization due to 
respiratory syncytial virus infection among infants in the Basque Country, Spain. Epidemiology and infection. 2006 
Jun;134(3):506ς13.  

104.  Meisner Hviid M, Skovlund CW, Mørch LS, Lidegaard Ø. Maternal age and child morbidity: A Danish national cohort 
study. 2017; Available from: https://doi.org/10.1371/journal.pone.0174770 

105.  Bonellie S. Effect of maternal age, smoking and deprivation on birthweight. Paediatric and Perinatal Epidemiology. 
2001;15(1):19ς26.  

106.  Abid Z, Oh SS, Hu D, Sen S, Huntsman S, Eng C, et al. Maternal age and asthma in Latino populations. Clinical & 
Experimental Allergy. 2016 Nov 1;46(11):1398ς406.  

107.  Laerum BN, Svanes C, Wentzel-Larsen T, Gulsvik A, Torén K, Norrman E, et al. Young maternal age at delivery is 
associated with asthma in adult offspring. Respiratory Medicine. 2007 Jul 1;101(7):1431ς8.  

108.  Infante-Rivard C. Young maternal age: a risk factor for childhood asthma? Epidemiology. 1995 Mar;6(2):178ς80.  
109.  Alvarez-Alvarez I, Niu H, Aguinaga-Ontoso I, Guillen-Grima F. Prevalence and risk factors for wheezing in infants in the 

region of Pamplona, Spain. Allergologia et Immunopathologia. 2016 May 11;44(5):415ς21.  
110.  de Jong BM, van der Ent CK, van Putte Katier N, van der Zalm MM, Verheij TJM, Kimpen JLL, et al. Determinants of Health 

Care Utilization for Respiratory Symptoms in the First Year of Life. Medical Care [Internet]. 2007 Aug;45(8):746ς52. 
Available from: http://journals.lww.com/00005650-200708000-00008 

111.  Koch A, Mølbak K, Homøe P, Sørensen P, Hjuler T, Olesen ME, et al. Risk factors for acute respiratory tract infections in 
young Greenlandic children. American journal of epidemiology [Internet]. 2003 Aug 15;158(4):374ς84. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/12915503 

112.  Håberg SE, Stigum H, London SJ, Nystad W, Nafstad P. Maternal obesity in pregnancy and respiratory health in early 
childhood. Paediatric and Perinatal Epidemiology. 2009 Jul;23(4):352ς62.  

113.  Ferolla FM, Hijano DR, Acosta PL, Rodríguez A, Dueñas K, Sancilio A, et al. Macronutrients during pregnancy and life-
threatening respiratory syncytial virus infections in children. American journal of respiratory and critical care medicine. 
2013 May 1;187(9):983ς90.  

114.  Bédard A, Northstone K, Henderson AJ, Shaheen SO. Mediterranean diet during pregnancy and childhood respiratory 
and atopic outcomes: birth cohort study. European Respiratory Journal [Internet]. 2020 Mar;55(3):1901215. Available 
from: http://erj.ersjournals.com/lookup/doi/10.1183/13993003.01215-2019 

115.  Thorburn AN, Mckenzie CI, Shen S, Stanley D, Macia L, Mason LJ, et al. Evidence that asthma is a developmental origin 
disease influenced by maternal diet and bacterial metabolites. Nature Communications. 2015;  

116.  Willers SM, Devereux G, Craig LCA, McNeill G, Wijga AH, Abou El-Magd W, et al. Maternal food consumption during 
pregnancy and asthma, respiratory and atopic symptoms in 5-year-old children. Thorax. 2007 Sep;62(9):773ς9.  

117.  Kloepfer KM. Maternal dietary antioxidant intake in pregnancy and childhood respiratory and atopic outcomes: Birth 
cohort study. Vol. 144, Pediatrics. American Academy of Pediatrics; 2019. p. S8ς9.  

118.  Tromp IIM, Kiefte-de Jong JC, de Vries JH, Jaddoe VWV, Raat H, Hofman A, et al. Dietary patterns and respiratory 
symptoms in pre-school children: the Generation R Study. European Respiratory Journal [Internet]. 2012 Sep;40(3):681ς
9. Available from: http://erj.ersjournals.com/lookup/doi/10.1183/09031936.00119111 

119.  Cepeda AM, Thawer S, Boyle RJ, Villalba S, Jaller R, Tapias E, et al. Diet and Respiratory Health in Children from 11 Latin 
American Countries: Evidence from ISAAC Phase III. Lung. 2017 Dec 28;195(6):683ς92.  

120.  Papamichael MM, Itsiopoulos C, Susanto NH, Erbas B. Does adherence to the Mediterranean dietary pattern reduce 
asthma symptoms in children? A systematic review of observational studies. Public Health Nutrition. 2017 Oct 
14;20(15):2722ς34.  

121.  Van Der Gaag E, Brandsema R, Nobbenhuis R, Van Der Palen J, Hummel T. Influence of Dietary Advice Including Green 
Vegetables, Beef, and Whole Dairy Products on Recurrent Upper Respiratory Tract Infections in Children: A Randomized 
Controlled Trial.  

122.  Ofman G, Pradarelli B, Caballero MT, Bianchi A, Grimaldi LA, Sancilio A, et al. Respiratory Failure and Death in Vulnerable 
Premature Children With Lower Respiratory Tract Illness. The Journal of infectious diseases. 2020 Sep 1;222(7):1129ς37.  

123.  [Ŝǿƛǎ YaΣ wǳƛȊ aΣ DƻƭŘōƭŀǘǘ tΣ aƻǊǊƛǎƻƴ WΣ tƻǊǘŀ 5Σ CƻǊŀǎǘƛŜǊŜ CΣ Ŝǘ ŀƭΦ aƻǘƘŜǊΩǎ ŜŘǳŎŀǘƛƻƴ ŀƴŘ offspring asthma risk in 
10 European cohort studies. European Journal of Epidemiology [Internet]. 2017 Sep 1 [cited 2020 Nov 1];32(9):797ς805. 
Available from: /pmc/articles/PMC5662657/?report=abstract 

124.  Strömberg Celind F, Wennergren G, Vasileiadou S, Alm B, Åberg N, Goksör E. Higher parental education was associated 
with better asthma control. Acta Paediatrica. 2019;108(5):920ς6.  

125.  Rocha V, Soares S, Stringhini S, Fraga S. Socioeconomic circumstances and respiratory function from childhood to early 
adulthood: A systematic review and meta-analysis. Vol. 9, BMJ Open. BMJ Publishing Group; 2019.  

126.  Kotecha SJ, Lowe J, Kotecha S. Does the sex of the preterm baby affect respiratory outcomes? Breathe. 2018 
Jun;14(2):100ς7.  

127.  Vrijlandt EJLE, Kerstjens JM, Duiverman EJ, Bos AF, Reijneveld SA. Moderately preterm children have more respiratory 
problems during their first 5 years of life than children born full term. American Journal of Respiratory and Critical Care 
Medicine. 2013 Jun 1;187(11):1234ς40.  

128.  Edwards MO, Kotecha SJ, Lowe J, Richards L, Watkins WJ, Kotecha S. Early-term birth is a risk factor for wheezing in 
childhood: A&nbsp;cross-sectional population study. Journal of Allergy and Clinical Immunology. 2015;136:581-587.e2.  



218 
 

129.  Islam JY, Keller RL, Aschner JL, Hartert T V, Moore PE. Understanding the Short- and Long-Term Respiratory Outcomes of 
Prematurity and Bronchopulmonary Dysplasia. American journal of respiratory and critical care medicine. 2015 Jul 
15;192(2):134ς56.  

130.  Verheggen M, Wilson AC, Pillow JJ, Stick SM, Hall GL. Respiratory function and symptoms in young preterm children in 
the contemporary era. Pediatric Pulmonology. 2016 Dec 1;51(12):1347ς55.  

131.  Been J V., Lugtenberg MJ, Smets E, van Schayck CP, Kramer BW, Mommers M, et al. Preterm Birth and Childhood 
Wheezing Disorders: A Systematic Review and Meta-Analysis. Lanphear BP, editor. PLoS Medicine. 2014 Jan 
28;11(1):e1001596.  

132.  Edwards MO, Kotecha SJ, Lowe J, Richards L, Watkins WJ, Kotecha S. Management of Prematurity-Associated Wheeze 
and Its Association with Atopy. 2016;  

133.  Holberg CJ, Wright AL, Martinez FD, Ray CG, Taussig LM, Lebowitz MD. Risk factors for respiratory syncytial virus-
associated lower respiratory illnesses in the first year of life. American journal of epidemiology [Internet]. 1991 Jun 
1;133(11):1135ς51. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2035517 

134.  Luijk MPCM, Sonnenschein-van der Voort AMM, Mileva-Seitz VR, Jansen PW, Verhulst FC, Hofman A, et al. Is parentς
child bed-sharing a risk for wheezing and asthma in early childhood? European Respiratory Journal. 2015 Mar;45(3):661ς
9.  

135.  Burke H, Leonardi-Bee J, Hashim A, Pine-Abata H, Chen Y, Cook DG, et al. Prenatal and passive smoke exposure and 
incidence of asthma and wheeze: Systematic review and meta-analysis [Internet]. Vol. 129, Pediatrics. American 
Academy of Pediatrics; 2012 [cited 2020 Nov 1]. p. 735ς44. Available from: 
www.pediatrics.org/cgi/doi/10.1542/peds.2011-2196 

136.  Gilliland FD, Berhane K, Li YF, Rappaport EB, Peters JM. Effects of early onset asthma and in utero exposure to maternal 
smoking on childhood lung function. American Journal of Respiratory and Critical Care Medicine. 2003 Mar 
15;167(6):917ς24.  

137.  De Queiroz Andrade E, Da Silva Sena CR, Collison A, Murphy VE, Gould GS, Bonevski B, et al. Association between active 
tobacco use during pregnancy and infant respiratory health: a systematic review and meta-analysis. BMJ Open. 2020 Sep 
30;10(9):e037819.  

138.  Carroll KN, Gebretsadik T, Griffin MR, Dupont WD, Mitchel EF, Wu P, et al. Maternal asthma and maternal smoking are 
associated with increased risk of bronchiolitis during infancy. Pediatrics. 2007 Jun;119(6):1104ς12.  

139.  World Health Organization. Tobacco [Internet]. 2020 [cited 2020 Oct 24]. Available from: https://www.who.int/news-
room/fact-sheets/detail/tobacco 

140.  Pedreira FA, Guandolo VL, Feroli EJ, Mella GW, Weiss IP. Involuntary smoking and incidence of respiratory illness during 
the first year of life. Pediatrics [Internet]. 1985 Mar;75(3):594ς7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/3975130 

141.  Kanoh M, Kaneita Y, Hara M, Harada S, Gon Y, Kanamaru H, et al. Longitudinal study of parental smoking habits and 
development of asthma in early childhood. Preventive Medicine. 2012 Jan 1;54(1):94ς6.  

142.  Ahn A, Edwards KM, Grijalva CG, Self WH, Zhu Y, Chappell JD, et al. Secondhand Smoke Exposure and Illness Severity 
among Children Hospitalized with Pneumonia. Journal of Pediatrics. 2015 Oct 1;167(4):869-874.e1.  

143.  Powell CVE, McNamara P, Solis A, Shaw NJ. A parent completed questionnaire to describe the patterns of wheezing and 
other respiratory symptoms in infants and preschool children. Archives of Disease in Childhood. 2002 Nov 1;87(5):376ς9.  

144.  Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. International study of asthma and allergies in 
childhood (ISAAC): Rationale and methods. European Respiratory Journal. 1995;8(3):483ς91.  

145.  Usherwood TP, Scrimgeour A, Barber JH. Questionnaire to measure perceived symptoms and disability in asthma. 
Archives of Disease in Childhood. 1990;65:779ς81.  

146.  Trinick R, Darracott C, Southern KW, McNamara PS. Validation of the Liverpool Respiratory Symptom Questionnaire 
(LRSQ) in well children with cystic fibrosis (CF). Vol. 9, Journal of Cystic Fibrosis. 2010.  

147.  Trinick R, Southern KW, McNamara PS. Assessing the Liverpool Respiratory Symptom Questionnaire in children with 
cystic fibrosis. European Respiratory Journal. 2012 Apr 1;39(4):899ς905.  

148.  Trinick R, Johnston N, Dalzell AM, McNamara PS. Reflux aspiration in children with neurodisabilityτa significant 
problem, but can we measure it? Journal of Pediatric Surgery. 2012 Feb 1;47(2):291ς8.  

149.  McNamara PS. Joint UK and Australia multicentre, randomised, double blind, placebo controlled pragmatic trial 
comparing 52 weeks of azithromycin to placebo in children with neurological impairment at risk of lower respiratory 
tract infection. 2020.  

150.  Klaassen EMM, Van De Kant KDG, Jöbsis Q, Høvig STP, Van Schayck CP, Rijkers GT, et al. Symptoms, but Not a Biomarker 
Response to Inhaled Corticosteroids, Predict Asthma in Preschool Children with Recurrent Wheeze. Mediators of 
Inflammation. 2012;2012.  

151.  van de Kant KDG, Koers K, Rijkers GT, Lima Passos V, Klaassen EMM, Mommers M, et al. Can exhaled inflammatory 
markers predict a steroid response in wheezing preschool children? Clinical & Experimental Allergy. 2011 
Aug;41(8):1076ς83.  

152.  Klaassen EMM, Van De Kant KDG, Jöbsis Q, Van Schayck OCP, Smolinska A, Dallinga JW, et al. Exhaled biomarkers and 
gene expression at preschool age improve asthma prediction at 6 years of age. American Journal of Respiratory and 
Critical Care Medicine. 2015 Jan 15;191(2):201ς7.  

153.  Kairamkonda VR, Richardson J, Subhedar N, Bridge PD, Shaw NJ. Lung function measurement in prematurely born 
preschool children with and without chronic lung disease. Journal of Perinatology. 2008 Mar;28(3):199ς204.  

154.  {ƛƳǇǎƻƴ {WΣ [ƻƎƛŜ YaΣ hΩ5Ŝŀ /!Σ .ŀƴǘƻƴ D[Σ aǳǊǊŀȅ /Σ ²ƛƭǎƻƴ !/Σ Ŝǘ ŀƭΦ !ƭǘŜǊŜŘ ƭǳƴƎ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳƴŎǘƛƻƴ ƛƴ ƳƛŘ-
childhood survivors of very preterm birth. Thorax. 2017 Aug 1;72(8):702ς11.  

155.  hΩ5Ŝŀ /!Σ [ƻƎƛŜ YΣ aŀƛƻǊŀƴŀ !Σ ²ƛƭǎƻƴ !/Σ tƛƭƭƻǿ WWΣ .ŀƴǘƻƴ D[Σ Ŝǘ ŀƭΦ LƴŎǊŜŀǎŜŘ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ŜȄǇƛǊŀǘƻǊȅ Ŧƭƻǿ ƭƛƳƛǘŀǘƛƻƴ 
during exercise in children with bronchopulmonary dysplasia. ERJ Open Research. 2018 Oct 8;4(4):00048ς2018.  

156.  Simpson SJ, Champion Z, Hall GL, French N, Reynolds V. Upper Airway Pathology Contributes to Respiratory Symptoms in 
Children Born Very Preterm. The Journal of Pediatrics. 2019 Oct 1;213:46ς51.  

157.  Lowe J, Kotecha SJ, Watkins WJ, Kotecha S. Effect of fetal and infant growth on respiratory symptoms in preterm-born 
children. Pediatric Pulmonology. 2018 Feb 1;53(2):189ς96.  



219 
 

158.  Smith AM, Bernstein DI, LeMasters GK, Huey NL, Ericksen M, Villareal M, et al. Environmental Tobacco Smoke and 
Interleukin 4 Polymorphism (C-589T) Gene: Environment Interaction Increases Risk of Wheezing in African-American 
Infants. The Journal of Pediatrics. 2008 May 1;152(5):709-715.e1.  

159.  Mattes J, Murphy VE, Powell H, Gibson PG. Prenatal origins of bronchiolitis: protective effect of optimised asthma 
management during pregnancy: Table 1. Thorax. 2014 Apr;69(4):383ς4.  

160.  Lin B, Kennedy Bsc B, Gradcertprs JM, Luciano |, Mbbs D-P, Toby |, et al. Long-term morbidity of respiratory viral 
infections during chemotherapy in children with leukaemia. Pediatric Pulmonology. 2019;54:1821ς9.  

161.  Elphick HE, Ritson S, Rigby AS, Everard ML. Phenotype of acute respiratory syncytial virus induced lower respiratory tract 
illness in infancy and subsequent morbidity. Acta Paediatrica. 2007 Feb;96(2):307ς9.  

162.  Roberts D, Vause S, Martin W, Green P, Walkinshaw S, Bricker L, et al. Amnioinfusion in very early preterm prelabor 
rupture of membranes (AMIPROM): pregnancy, neonatal and maternal outcomes in a randomized controlled pilot study. 
Ultrasound in Obstetrics & Gynecology. 2014 May 1;43(5):490ς9.  

163.  Van Ginderdeuren E, Allegaert K, Decaluwe H, Deprest J, Debeer A, Proesmans M. Clinical Outcome for Congenital 
Diaphragmatic Hernia at the Age of 1 Year in the Era of Fetal Intervention. Neonatology. 2017 Nov 1;112(4):365ς71.  

164.  Upendran Y, Leach ST, Singh H, McBride J, Thomas PS, Belessis Y, et al. Pepsin as a Marker of Reflux Aspiration in 
Children With Esophageal Atresia: A Pilot Study. Frontiers in Pediatrics. 2020 Mar 19;8.  

165.  Turner SW, Carter J, Danielian P, Chalmers I, McConaghy L, Pacitti N, et al. Protease concentration in amniotic fluid at 
term and early childhood respiratory symptoms. Journal of Maternal-Fetal and Neonatal Medicine. 2014 Mar 
24;27(4):416ς20.  

166.  Juniper EF, Gruffydd-Jones K, Ward S, Svensson K. Asthma control questionnaire in children: Validation, measurement 
properties, interpretation. European Respiratory Journal. 2010 Dec 1;36(6):1410ς6.  

167.  Ducharme FM, Davis GM, Noya F, Rich H, Ernst P. The Asthma Quiz for Kidz: A validated tool to appreciate the level of 
asthma control in children. Canadian Respiratory Journal. 2004;11(8):541ς6.  

168.  Skinner EA, Diette GB, Algatt-Bergstrom PJ, Nguyen TTH, Clark RD, Markson LE, et al. The Asthma Therapy Assessment 
Questionnaire (ATAQ) for Children and Adolescents. Disease Management. 2004 Dec;7(4):305ς13.  

169.  Ferris BG. Epidemiology standardization project II: Recommended respiratory disease questionnaires for use with adults 
and children in epidemiological research. American Journal of Respiratory and Critical Care Medicine. 1978 Mar 
15;118:7ς53.  

170.  Sato K, Sato Y, Nagao M, Shimojo N, Yoshihara S, Adachi Y, et al. Development and validation of asthma questionnaire 
for assessing and achieving best control in preschool-age children. Pediatric Allergy and Immunology. 2016 May 
1;27(3):307ς12.  

171.  ²ƻƭŦ w[Σ .ŜǊǊȅ /!Σ hΩ/ƻƴƴƻǊ ¢Σ /ƻƻǾŜǊ [Φ ±ŀƭƛŘŀǘƛƻƴ ƻŦ ǘƘŜ .ǊƛŜŦ tŜŘƛŀǘǊƛŎ !ǎǘƘƳŀ {ŎǊŜŜƴΦ /ƘŜǎǘΦ мфффΤммсόп {¦tt[Φ 
1):224S-228S.  

172.  Jones CA, Morphew T, Clement LT, Kimia T, Dyer M, Li M, et al. A School-Based Case Identification Process for Identifying 
Inner City Children With Asthma. Chest. 2004 Mar;125(3):924ς34.  

173.  Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, et al. Development and cross-sectional validation of the 
Childhood Asthma Control Test. Journal of Allergy and Clinical Immunology. 2007 Apr;119(4):817ς25.  

174.  Pérez-Yarza EG, Badía X, Badiola C, Cobos N, Garde J, Ibero M, et al. Development and validation of a questionnaire to 
assess asthma control in pediatrics. Pediatric Pulmonology [Internet]. 2009 Jan [cited 2020 Oct 1];44(1):54ς63. Available 
from: https://pubmed.ncbi.nlm.nih.gov/19061230/ 

175.  French DJ, Christie MJ, Sowden AJ. The reproducibility of the Childhood Asthma Questionnaires: measures of quality of 
life for children with asthma aged 4-16 years. Quality of Life Research. 1994 Jun;3(3):215ς24.  

176.  Henry B, Aussage P, Grosskopf C, Goehrs JM. Development of the Cystic Fibrosis Questionnaire (CFQ) for assessing 
quality of life in pediatric and adult patients. Quality of Life Research. 2003 Feb;12(1):63ς76.  

177.  !ǎƳǳǎǎŜƴ [Σ hƭǎƻƴ [aΣ DǊŀƴǘ 9bΣ CŀƎŀƴ WΣ ²Ŝƛǎǎ Y.Φ wŜƭƛŀōƛƭƛǘȅ ŀƴŘ ±ŀƭƛŘƛǘȅ ƻŦ ǘƘŜ /ƘƛƭŘǊŜƴΩǎ IŜŀƭǘƘ {ǳǊǾŜȅ ŦƻǊ !ǎǘƘƳŀΦ 
Pediatrics. 1999 Dec 6;104(6).  

178.  Hall CB, Wakefield D, Rowe TM, Carlisle PS, Cloutier MM. Diagnosing pediatric asthma: Validating the Easy Breathing 
Survey. The Journal of Pediatrics. 2001 Aug 1;139(2):267ς72.  

179.  Mallol J, García-Marcos L, Aguirre V, Martinez-Torres A, Perez-Fernández V, Gallardo A, et al. The international study of 
wheezing in infants: Questionnaire validation. International Archives of Allergy and Immunology. 2007 Aug;144(1):44ς
50.  

180.  Rosier MJ, Bishop J, Nolan T, Robertson CF, Carlin JB, Phelan PD. Measurement of functional severity of asthma in 
children. American Journal of Respiratory and Critical Care Medicine. 1994;149(6):1434ς41.  

181.  le Coq EM, Colland VT, Boeke AJP, Bezemer DP, van Eijk JThM. Reproducibility, Construct Validity, and Responsiveness of 
ǘƘŜ άIƻǿ !ǊŜ ¸ƻǳΚέ όI!¸ύΣ ŀ {ŜƭŦ-Report Quality of Life Questionnaire for Children with Asthma. Journal of Asthma. 
2000;37(1):43ς58.  

182.  Bukstein DA, McGrath MM, Buchner DA, Landgraf J, Goss TF. Evaluation of a short form for measuring health-related 
quality of life among pediatric asthma patients. Journal of Allergy and Clinical Immunology. 2000 Feb 1;105(2 II):245ς51.  

183.  Lara M, Sherbourne C, Duan N, Morales L, Gergen P, Brook RH. An English and Spanish pediatric asthma symptom scale. 
Medical Care. 2000;38(3):342ς50.  

184.  Birring SS, Prudon B, Carr AJ, Singh SJ, Morgan L, Pavord ID. Development of a symptom specific health status measure 
for patients with chronic cough: Leicester Cough Questionnaire (LCQ). Thorax. 2003 Apr 1;58(4):339ς43.  

185.  Strippoli M-PF, Silverman M, Michel G, Kuehni CE. A parent-completed respiratory questionnaire for 1-year-old children: 
repeatability. Archives of Disease in Childhood [Internet]. 2007;92(10):861ς5. Available from: 
http://adc.bmj.com/supplemental 

186.  Hohmann C, Pinart M, Tischer C, Gehring U, Heinrich J, Kull I, et al. The Development of the MeDALL Core Questionnaires 
for a Harmonized Follow-Up Assessment of Eleven European Birth Cohorts on Asthma and Allergies. International 
Archives of Allergy and Immunology [Internet]. 2014;163:215ς24. Available from: www.karger.com/iaa 

187.  Okelo SO, Eakin MN, Patino CM, Teodoro AP, Bilderback AL, Thompson DA, et al. The pediatric asthma control and 
communication instrument asthma questionnaire: For use in diverse children of all ages. Journal of Allergy and Clinical 
Immunology [Internet]. 2013 [cited 2020 Oct 1];132(1). Available from: https://pubmed.ncbi.nlm.nih.gov/23434285/ 



220 
 

188.  Anderson-WŀƳŜǎ {Σ bŜǿŎƻƳōŜ t!Σ aŀǊŎƘŀƴǘ WaΣ hΩDǊŀŘȅ Y-AF, Acworth JP, Stone DG, et al. An acute cough-specific 
quality-of-life questionnaire for children: Development and validation. Journal of Allergy and Clinical Immunology. 2015 
May 1;135(5):1179-1185.e4.  

189.  Zorc JJ, Pawlowski NA, Allen JL, Bryant-Stephens T, Winston M, Angsuco C, et al. Development and Validation of an 
Instrument to Measure Asthma Symptom Control in Children. Journal of Asthma. 2006 Jan 2;43(10):753ς8.  

190.  Juniper EF, Guyatt GH, Feeny DH, Ferrie PJ, Griffith LE, Townsend M. Measuring quality of life in children with asthma. 
Quality of Life Research. 1996;5(1):35ς46.  

191.  Hartnick CJ, Zurakowski D, Haver K. Validation of a pediatric cough questionnaire. Ear, Nose and Throat Journal 
[Internet]. 2009 [cited 2020 Sep 23];88(11):1213ς7. Available from: www.entjournal.com 

192.  Newcombe PA, Sheffield JK, Juniper EF, Petsky HL, Willis C, Chang AB. Validation of a parent-proxy quality of life 
questionnaire for paediatric chronic cough (PC-QOL). Thorax. 2010 Sep 1;65(9):819ς23.  

193.  Juniper EF, Howland WC, Roberts NB, Thompson AK, King DR. Measuring quality of life in children with 
rhinoconjunctivitis. Journal of Allergy and Clinical Immunology. 1998 Feb 1;101(2 I):163ς70.  

194.  Murphy KR, Zeiger RS, Kosinski M, Chipps B, Mellon M, Schatz M, et al. Test for Respiratory and Asthma Control in Kids 
(TRACK): A caregiver-completed questionnaire for preschool-aged children. Journal of Allergy and Clinical Immunology. 
2009 Apr 1;123(4):833-839.e9.  

195.  WǳƴƛǇŜǊ 9CΣ hΩ.ȅǊƴŜ taΣ Dǳȅŀǘǘ DIΣ CŜǊǊƛŜ tWΣ YƛƴƎ 5wΦ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǾŀƭƛŘŀǘƛƻƴ ƻŦ ŀ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǘƻ ƳŜŀǎǳǊŜ 
asthma control. European Respiratory Journal. 1999;14(4):902ς7.  

196.  Voorend-van Bergen S, Vaessen-Verberne AA, de Jongste JC, Pijnenburg MW. Asthma control questionnaires in the 
management of asthma in children: A review. Pediatric Pulmonology. 2015 Feb 1;50(2):202ς8.  

197.  WǳƴƛǇŜǊ 9CΣ .ƻǳǎǉǳŜǘ WΣ !ōŜǘȊ [Σ .ŀǘŜƳŀƴ 95Φ LŘŜƴǘƛŦȅƛƴƎ άǿŜƭƭ-ŎƻƴǘǊƻƭƭŜŘέ ŀƴŘ άƴƻǘ ǿŜƭƭ-ŎƻƴǘǊƻƭƭŜŘέ ŀǎǘƘƳŀ ǳǎƛƴƎ ǘhe 
Asthma Control Questionnaire. Respiratory Medicine. 2006 Apr;100(4):616ς21.  

198.  Juniper EF, Svensson K, Mörk AC, Ståhl E. Measurement properties and interpretation of three shortened versions of the 
asthma control questionnaire. Respiratory Medicine. 2005 May;99(5):553ς8.  

199.  Nguyen JM, Holbrook JT, Wei CY, Gerald LB, Teague WG, Wise RA. Validation and psychometric properties of the Asthma 
Control Questionnaire among children. Journal of Allergy and Clinical Immunology. 2014;133(1).  

200.  Vollmer ²aΣ aŀǊƪǎƻƴ [9Σ hΩ/ƻƴƴƻǊ 9Σ {ŀƴƻŎƪƛ [[Σ CƛǘǘŜǊƳŀƴ [Σ .ŜǊƎŜǊ aΣ Ŝǘ ŀƭΦ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ ŀǎǘƘƳŀ ŎƻƴǘǊƻƭ ǿƛǘƘ ƘŜŀƭǘƘ 
care utilization and quality of life. American Journal of Respiratory and Critical Care Medicine. 1999;160(5 I):1647ς52.  

201.  Dinakar C, Chipps BE, Matsui EC, Abramson SL, Irani AM, Kim JS, et al. Clinical tools to assess asthma control in children. 
Pediatrics. 2017 Jan 1;139(1).  

202.  Diette GB, Sajjan S, Skinner EA, Weiss TW, Wu AW, Markson LE. Using the pediatric asthma therapy assessment 
questionnaire to measure asthma control and healthcare utilization in children. Patient. 2009;2(4):233ς41.  

203.  Wolf RL, Berry CA, Quinn K. Development and validation of a brief pediatric screen for asthma and allergies among 
children. Annals of Allergy, Asthma & Immunology. 2003 May 1;90(5):500ς7.  

204.  Berry CA, Quinn K, Wolf R, Mosnaim G, Shalowitz M. Validation of the Spanish and English versions of the asthma 
portion of the Brief Pediatric Asthma Screen Plus among Hispanics. Annals of Allergy, Asthma and Immunology. 2005 Jul 
1;95(1):53ς60.  

205.  Kachru R, Morphew T, Kehl S, Clement LT, Hanley-Lopez J, Kwong KYC, et al. Validation of a single survey that can be 
used for case identification and assessment of asthma control: The Breathmobile Program. Annals of Allergy, Asthma 
and Immunology. 2006;97(6):775ς83.  

206.  Hepworth C, Sinha I, Saint GL, Hawcutt DB. Assessing the impact of breathing retraining on asthma symptoms and 
dysfunctional breathing in children. Pediatric Pulmonology. 2019 Jun 1;54(6):706ς12.  

207.  Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. Development of the Asthma Control Test: A survey 
for assessing asthma control. Journal of Allergy and Clinical Immunology. 2004;113(1):59ς65.  

208.  Liu AH, Zeiger RS, Sorkness CA, Ostrom NK, Chipps BE, Rosa K, et al. The Childhood Asthma Control Test*: Retrospective 
determination and clinical validation of a cut point to identify children with very poorly controlled asthma. Journal of 
Allergy and Clinical Immunology. 2010;126(2).  

209.  Pérez-Yarza EG, Castro-Rodriguez JA, Villa Asensi JR, Garde Garde J, Hidalgo Bermejo FJ. Validation of a Spanish version 
of the childhood asthma control test (SC-ACT) for use in Spain. Anales de Pediatría (English Edition). 2015 Aug;83(2):94ς
103.  

210.  Oliveira SG, Sarria EE, Roncada C, Stein RT, Pitrez PM, Mattiello R. Validation of the Brazilian version of the childhood 
asthma control test (c-ACT). Pediatric Pulmonology. 2016 Apr 1;51(4):358ς63.  

211.  Sekerel BE, Soyer OU, Keskin O, Uzuner N, Yazicioglu M, Kiliç M, et al. The reliability and validity of Turkish version of 
Childhood Asthma Control Test. Quality of Life Research. 2012 May;21(4):685ς90.  

212.  Chen HH, Wang JY, Jan RL, Liu YH, Liu LF. Reliability and validity of childhood asthma control test in a population of 
Chinese asthmatic children. Quality of Life Research. 2008 May;17(4):585ς93.  

213.  Christie MJ, French D, Sowden A. Development of child-centered disease-specific questionnaires for living with asthma. 
Psychosomatic Medicine. 1993;55(6):541ς8.  

214.  Modi AC, Quittner AL. Validation of a Disease-Specific Measure of Health-Related Quality of Life for Children with Cystic 
Fibrosis. Journal of Pediatric Psychology. 2003 Dec 1;28(8):535ς45.  

215.  Quittner AL, Buu A, Messer MA, Modi AC, Watrous M. Development and validation of the cystic fibrosis questionnaire in 
the United States: A health-related quality-of-life measure for cystic fibrosis. Chest. 2005;128(4):2347ς54.  

216.  Quittner AL, Sawicki GS, McMullen A, Rasouliyan L, Pasta DJ, Yegin A, et al. Psychometric evaluation of the cystic fibrosis 
questionnaire-revised in a national sample. Quality of Life Research. 2012 Sep;21(7):1267ς78.  

217.  Perrem L, Stanojevic S, Shaw M, Davis S, Retsch-Bogart G, Ratjen F. Changes in the parent cystic fibrosis questionnaire-
revised (CFQ-R) with respiratory symptoms in preschool children with cystic fibrosis. Journal of Cystic Fibrosis. 2020 May 
1;19(3):492ς8.  

218.  Schmidt A, Wenninger K, Niemann N, Wahn U, Staab D. Health-related quality of life in children with cystic fibrosis: 
Validation of the German CFQ-R. Health and Quality of Life Outcomes. 2009 Dec 2;7.  

219.  Yuksel H, Yilmaz O, Dogru D, Karadag B, Unal F, Quittner AL. Reliability and validity of the Cystic Fibrosis Questionnaire-
Revised for children and parents in Turkey: Cross-sectional study. Quality of Life Research. 2013 Mar;22(2):409ς14.  



221 
 

220.  Rozov T, Cunha MT, Nascimento O, Quittner AL, Jardim JR. Linguistic validation of cystic fibrosis quality of life 
questionnaires. Jornal de Pediatria. 2006;82(2):151ς6.  

221.  wŀŘŜŎƪƛ [Σ hƭǎƻƴ [aΣ CǊƛƴǘƴŜǊ atΣ ²Ŝƛǎǎ Y.Φ wŜƭƛŀōƛƭƛǘȅ ŀƴŘ ±ŀƭƛŘƛǘȅ ƻŦ ǘƘŜ /ƘƛƭŘǊŜƴΩǎ IŜŀlth Survey for AsthmaςChild 
Version. Pediatric Asthma, Allergy & Immunology. 2008 Jun 12;21(2):89ς98.  

222.  Dela Bianca A, Wandalsen G, Miyagi K, Camargo L, Cezarin D, Mallol J, et al. International Study of Wheezing in Infants 
(EISL): Validation of Written Questionnaire for Children Aged Below 3 Years. The Journal of Investigational Allergology 
and Clinical Immunology. 2009;19(1):35ς42.  

223.  American Thoracic Society. American Thoracic Society Quality of Life Resources: Functional Severity Index [Internet]. 
1999 [cited 2020 Oct 2]. Available from: https://qol.thoracic.org/sections/instruments/fj/pages/fsi.html 

224.  McGrath MM, Bukstein DA, Buchner DA, Guzman GI, Landgraf JM, Goss TF. Assessment of the relationship between 
disease severity and general and disease-specific health-related quality of life in pediatric asthma patients. Ambulatory 
Child Health. 1999;5(3):249ς61.  

225.  Mallol J, Crane J, von Mutius E, Odhiambo J, Keil U, Stewart A. The International Study of Asthma and Allergies in 
Childhood (ISAAC) Phase Three: A global synthesis. Allergologia et Immunopathologia. 2013 Mar;41(2):73ς85.  

226.  ISAAC Steering Committee. ISAAC Tools [Internet]. 2017 [cited 2020 Sep 24]. Available from: 
http://isaac.auckland.ac.nz/resources/tools.php?menu=tools1#trans 

227.  Oliveira Rodrigues Valle S, Chigres Kuschnir F, Solé D, Andrade Vilela Silva M, Iozzi da Silva R, Caetano S, et al. Prevalence 
and severity of asthma and related symptoms in 6-to 7-year-old schoolchildren of Rio de Janeiro using of the ISAAC 
questionnaire by telephone survey. Journal of Asthma. 2014;51(3):227ς31.  

228.  Alzahrani YA, Becker EA. Asthma control assessment tools. Respiratory Care. 2016 Jan 1;61(1):106ς16.  
229.  Chen C-Y, Lo L-H. Reliability and Validity of a Chinese Version of the Pediatric Asthma Symptoms Scale. Journal of Nursing 

Research. 2007 Jun;15(2):99ς106.  
230.  del Corral T, Percegona J, López N, Valiente A, Garriga M, Seborga M, et al. Validity of a Spanish Version of the Leicester 

Cough Questionnaire in Children With Cystic Fibrosis. Archivos de Bronconeumología. 2016 Feb 1;52(2):63ς9.  
231.  Luyt DK, Burton PR, Simpson H. Epidemiological study ofwheeze, doctor diagnosed asthma, and cough in preschool 

children in Leicestershire. British Medical Journal. 1993 May 22;306(6889):1386ς90.  
232.  Kuehni CE, Brooke AM, Strippoli MP, Spycher BD, Davis A, Silverman M. Cohort profile: The leicester respiratory cohorts. 

International Journal of Epidemiology. 2007 Oct;36(5):977ς85.  
233.  Carvalho S, Alves M, Neuparth N. Translation with cultural adaptation to portuguese and assessment of the repeatability 

of the Questionnaire on respiratory symptoms in preschool children. Revista Portuguesa de Imunoalergologia. 
2014;22(2):93ς112.  

234.  Patino CM, Okelo SO, Rand CS, Riekert KA, Krishnan JA, Thompson K, et al. The Asthma Control and Communication 
Instrument: A clinical tool developed for ethnically diverse populations. Journal of Allergy and Clinical Immunology. 2008 
Nov 1;122(5):936-943.e6.  

235.  Goldberg EM, Laskowski-Kos U, Wu D, Gutierrez J, Bilderback A, Okelo SO, et al. The Pediatric Asthma Control and 
Communication Instrument for the Emergency Department (PACCI-ED) improves physician assessment of asthma 
morbidity in pediatric emergency department patients. Journal of Asthma. 2014 Mar 4;51(2):200ς8.  

236.  Sampayo EM, Chew A, Zorc JJ. Make an M-PACT on Asthma. Pediatric Emergency Care. 2010 Jan;26(1):1ς5.  
237.  Nair S, Nair S, Sundaram KR. A prospective study to assess the quality of life in children with asthma using the pediatric 

asthma quality of life questionnaire. Indian Journal of Allergy, Asthma and Immunology. 2014;28(1):13.  
238.  Ricci G, Dondi A, Baldi E, Bendandi B, Giannetti A, Masi M. Use of the Italian version of the Pediatric Asthma Quality of 

Life Questionnaire in the daily practice: Results of a prospective study. BMC Pediatrics. 2009 May 7;9(1).  
239.  Badia X, García-Hernández G, Cobos N, López-David C, Nocea G, Roset M. Validity of the Spanish version of the Pediatric 

Quality of Life Questionnaire for evaluating quality of life in asthma children. Medicina Clinica. 2001 Apr 28;116(15):565ς
72.  

240.  Scala CSK La, Naspitz CK, Solé D. Adaptation and validation of the Pediatric Asthma Quality of Life Questionnaire (PAQLQ) 
in Brazilian asthmatic children and adolescents. Jornal de Pediatria. 2005 Feb 1;81(1):54ς60.  

241.  Raat H, Bueving HJ, de Jongste JC, Grol MH, Juniper EF, van der Wouden JC. Responsiveness, longitudinal- and cross-
sectional construct validity of the Pediatric Asthma Quality of Life Questionnaire (PAQLQ) in Dutch children with asthma. 
Quality of Life Research. 2005 Feb;14(1):265ς72.  

242.  Reichenberg K, Broberg AG. Quality of life in childhood asthma: Use of the paediatric asthma quality of life questionnaire 
in a swedish sample of children 7 to 9 years old. Acta Paediatrica, International Journal of Paediatrics. 2000;89(8):989ς
95.  

243.  Abdel Hai R, Taher E, Abdel Fattah M. Assessing validity of the adapted Arabic Paediatric Asthma Quality of Life 
Questionnaire among Egyptian children with asthma. Eastern Mediterranean Health Journal. 2010;16(3):274ς80.  

244.  Wing A, Upton J, Svensson K, Weller P, Fletcher M, Walker S. The standardized and mini versions of the PAQLQ are valid, 
reliable, and responsive measurement tools. Journal of Clinical Epidemiology. 2012 Jun;65(6):643ς50.  

245.  Paul IM, Yoder KE, Crowell KR, Shaffer ML, McMillan HS, Carlson LC, et al. Effect of dextromethorphan, 
diphenhydramine, and placebo on nocturnal cough and sleep quality for coughing children and their parents. Pediatrics. 
2004;114(1).  

246.  Zeiger RS, Mellon M, Chipps B, Murphy KR, Schatz M, Kosinski M, et al. Test for Respiratory and Asthma Control in Kids 
(TRACK): Clinically meaningful changes in score. Journal of Allergy and Clinical Immunology. 2011 Nov;128(5):983ς8.  

247.  Rodríguez-Martínez CE, Nino G, Castro-Rodriguez JA. Validation of the Spanish Version of the Test for Respiratory and 
Asthma Control in Kids (TRACK) in a Population of Hispanic Preschoolers. Journal of Allergy and Clinical Immunology: In 
Practice. 2014;2(3):326-331.e3.  

248.  Wandalsen GF, Dias RG, Chong-Neto HJ, Rosário N, Moraes L, Wandalsen NF, et al. Test for Respiratory and Asthma 
Control in Kids (TRACK): Validation of the Portuguese version. World Allergy Organization Journal. 2018 Dec 5;11(1).  

249.  Zhang J, Zhao L, Zhao D, Chen Z, Li S, Zhang H, et al. Reliability and validity of the Chinese version of the Test for 
Respiratory and Asthma Control in Kids (TRACK) in preschool children with asthma: A prospective validation study. BMJ 
Open. 2019 Aug 1;9(8).  



222 
 

250.  Choi YJ, Jang GC, Yang HJ, Kim H Bin, Yoo Y, Shin M, et al. The Korean version of the Test for Respiratory and Asthma 
Control in Kids (TRACK): Reliability and validity. Journal of Korean Medical Science. 2019 Jan 1;34(3).  

251.  .ǳȅǳƪǘƛǊȅŀƪƛ .Σ {ŀƘƛƴŜǊ ¦aΣ ¸ŀǾǳȊ {¢Σ /ŀǾƪŀȅǘŀǊ hΣ ¸ƛƭƳŀȊ 9!Σ {ƻȅŜǊ h¦Σ Ŝǘ ŀƭΦ ±ŀƭƛŘŀǘƛƻƴ ƻŦ ǘƘŜ ¢ǳǊƪƛǎƘ ǾŜǊǎƛƻƴ ƻŦ άǘŜǎǘ 
ŦƻǊ wŜǎǇƛǊŀǘƻǊȅ ŀƴŘ !ǎǘƘƳŀ /ƻƴǘǊƻƭ ƛƴ YƛŘǎ ό¢w!/Yύέ ǉǳŜǎǘƛƻƴƴŀƛǊŜΦ WƻǳǊƴŀƭ ƻŦ !ǎǘƘƳŀΦ нлмо 5ŜŎΤрлόмлύΥмлфсς101.  

252.  Office for National Statistics. Population Estimates for UK, England and Wales, Scotland and Northern Ireland [Internet]. 
2020 [cited 2020 Oct 7]. Available from: https://www.ons.gov.uk/datasets/mid-year-pop-est/editions/mid-2019-april-
2020-geography/versions/1 

253.  Public Health England. Public Health Profiles: Child and Maternal Health [Internet]. 2020 [cited 2020 Oct 7]. Available 
from: https://fingertips.phe.org.uk/profile/child-health-profiles/data 

254.  Office for National Statistics. Life Expectancy (LE) and Healthy Life Expectancy (HLE) at Birth by Sex for Middle Layer 
Super Output Areas (MSOAs) in England [Internet]. 2015 [cited 2020 Dec 3]. Available from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandlifeexpectancies/datasets/life
expectancyleandhealthylifeexpectancyhleatbirthbysexformiddlelayersuperoutputareasmsoasinengland 

255.  Liverpool Clinical Commissioning Group. One Liverpool: Strategy 2019-2024. 2019.  
256.  Pooley CG, Irish S. HOUSING AND HEALTH IN LIVERPOOL, 1870-1940. Transactions of the Historic Society of Lancashire 

and Cheshire. 1994;143:193ς220.  
257.  Public Health England. Public Health Profiles: Inhale - INteractive Health Atlas of Lung conditions in England [Internet]. 

2020 [cited 2020 Oct 8]. Available from: https://fingertips.phe.org.uk/profile/inhale/data 
258.  Public Health England. Public Health Profiles: Local Tobacco Control Profiles [Internet]. 2020 [cited 2020 Oct 8]. Available 

from: https://fingertips.phe.org.uk/profile/tobacco-control/data 
259.  Liverpool Clinical Commissioning Group. One Liverpool: 2018-2021. 2018.  
260.  Durham AL, Adcock IM. The relationship between COPD and lung cancer. Vol. 90, Lung Cancer. Elsevier Ireland Ltd; 2015. 

p. 121ς7.  
261.  Liverpool City Council. Liverpool Health Matrix 2018. 2018.  
262.  Brabin B, Smith M, Milligan P, Benjamin C, Dunne E, Pearson M. Respiratory morbidity in Merseyside schoolchildren 

exposed to coal dust and air pollution. Archives of Disease in Childhood. 1994 Apr 1;70(4):305ς12.  
263.  Gowers AM, Miller BG, Stedman JR. Estimating Local Mortality Burdens Associated with Particulate Air Pollution. 2014 

Apr.  
264.  !ǎƘǘƻƴ .Σ WŀŎǉǳŜǎ 5Σ ¢ƻƻƳōǎ {Σ ²ƘȅǘŜ 5Φ [ƛǾŜǊǇƻƻƭΩǎ 5ƻŎƪǎΣ 5ǳǎǘ ŀƴŘ 5ƛǊǘ ώLƴǘŜǊƴŜǘϐΦ нлмп ώŎƛǘŜŘ нлнл hŎǘ мнϐΦ !ǾŀƛƭŀōƭŜ 

from: https://www.metamute.org/editorial/articles/liverpools-docks-dust-and-dirt 
265.  Liverpool City Council. The Index of Multiple Deprivation 2019: A Liverpool Analysis. 2020.  
266.  Duffy SW, Maroni R, Vulkan D, Shah Z, Timoney M, Jones L, et al. Liverpool Healthy Lung Programme - Second Year 

Evaluation Report. 2018 Jul.  
267.  Milligan PJM, Brabin BJ, Kelly YJ, Pearson MG, Mahoney G, Dunne E, et al. Association of spatial distribution of childhood 

respiratory morbidity with environmental dust pollution. Journal of Toxicology and Environmental Health - Part A. 
1998;55(3):169ς84.  

268.  Wadsworth M, Kuh D, Richards M, Hardy R. Cohort Profile: The 1946 National Birth Cohort (MRC National Survey of 
Health and Development) How did the study come about? International Epidemiological Association International 
Journal of Epidemiology [Internet]. 2006 [cited 2021 May 24];35:49ς54. Available from: www.nshd.mrc.ac. 

269.  University of Bristol. About | Avon Longitudinal Study of Parents and Children | University of Bristol [Internet]. [cited 
2021 May 11]. Available from: http://www.bristol.ac.uk/alspac/about/ 

270.  Golding J. Children of the nineties. A longitudinal study of pregnancy and childhood based on the population of Avon 
(ALSPAC). West of England medical journal. 1990;105(3):80ς2.  

271.  Boyd A, Golding J, Macleod J, Lawlor DA, Fraser !Σ IŜƴŘŜǊǎƻƴ WΣ Ŝǘ ŀƭΦ /ƻƘƻǊǘ ǇǊƻŦƛƭŜΥ ¢ƘŜ Ω/ƘƛƭŘǊŜƴ ƻŦ ǘƘŜ флǎΩ-The index 
offspring of the avon longitudinal study of parents and children. International Journal of Epidemiology [Internet]. 2013 
Feb [cited 2021 May 10];42(1):111ς27. Available from: /pmc/articles/PMC3600618/ 

272.  Golding G, Pembrey P, Jones J. ALSPAC - The Avon Longitudinal Study of Parents and Children I. Study methodology. 
Paediatric and Perinatal Epidemiology. 2001;15(1):74ς87.  

273.  Fraser A, Macdonald-wallis C, Tilling K, Boyd A, Golding J, Davey smith G, et al. Cohort profile: The avon longitudinal 
study of parents and children: ALSPAC mothers cohort. International Journal of Epidemiology [Internet]. 2013 Feb [cited 
2021 May 10];42(1):97ς110. Available from: /pmc/articles/PMC3600619/ 

274.  Raynor P, Duley L, Small N, Tuffnell D, Wild C, Wright J, et al. Born in Bradford, a cohort study of babies born in Bradford, 
and their parents: Protocol for the recruitment phase. BMC Public Health [Internet]. 2008 Sep 23 [cited 2021 May 
16];8(1):1ς13. Available from: http://www.biomedcentral.com/1471-2458/8/327 

275.  Custovic A, Simpson BM, Murray CS, Lowe L, Woodcock A. The National Asthma Campaign Manchester Asthma and 
Allergy Study. In: Pediatric Allergy and Immunology, Supplement [Internet]. Blackwell Munksgaard; 2002 [cited 2021 
May 15]. p. 32ς7. Available from: https://pubmed.ncbi.nlm.nih.gov/12688622/ 

276.  The Manchester Asthma & Allergy Study. The Study [Internet]. [cited 2021 May 15]. Available from: 
http://www.maas.org.uk/Study.htm 

277.  Custovic A, Simpson A, Woodcock A. Manchester cohort. Pediatric Pulmonology [Internet]. 2004 Feb 1 [cited 2021 May 
15];37(S26):12ς3. Available from: https://onlinelibrary.wiley.com/doi/full/10.1002/ppul.70033 

278.  Taussig LM, Wright AL, Morgŀƴ ²WΣ IŀǊǊƛǎƻƴ IwΣ wŀȅ /DΦ ¢ƘŜ ǘǳŎǎƻƴ ŎƘƛƭŘǊŜƴΩǎ ǊŜǎǇƛǊŀǘƻǊȅ ǎǘǳŘȅΥ LΦ 5ŜǎƛƎƴ ŀƴŘ 
implementation of a prospective study of acute and chronic respiratory illness in children. American Journal of 
Epidemiology [Internet]. 1989 [cited 2021 May 15];129(6):1219ς31. Available from: 
https://pubmed.ncbi.nlm.nih.gov/2729258/ 

279.  ²ǊƛƎƘǘ !Σ aŀǊǘƛƴŜȊ CΣ IŀƭƻƴŜƴ aΣ DǳŜǊǊŀ {Σ aƻǊƎŀƴ ²WΣ .ƛƭƭƘŜƛƳŜǊ 5Σ Ŝǘ ŀƭΦ ¢ǳŎǎƻƴ /ƘƛƭŘǊŜƴΩǎ wŜǎǇƛǊŀǘƻǊȅ {ǘǳŘȅ ό¢/w{ύ 
[Internet]. [cited 2021 May 18]. Available from: https://airways.uahs.arizona.edu/research/trials/tucson-childrens-
respiratory-study-tcrs 

280.  ¢ŀǳǎǎƛƎ [aΣ ²ǊƛƎƘǘ ![Σ IƻƭōŜǊƎ /WΣ IŀƭƻƴŜƴ aΣ aƻǊƎŀƴ ²WΣ aŀǊǘƛƴŜȊ C5Φ ¢ǳŎǎƻƴ /ƘƛƭŘǊŜƴΩǎ wŜǎǇƛǊŀǘƻǊȅ {ǘǳŘȅΥ мфул ǘƻ 
present. Vol. 111, Journal of Allergy and Clinical Immunology. Mosby Inc.; 2003. p. 661ς75.  



223 
 

281.  Wright J, Small N, Raynor P, Tuffnell D, Bhopal R, Cameron N, et al. Cohort Profile: The Born in Bradford multi-ethnic 
family cohort study. International Journal of Epidemiology [Internet]. 2013;42:978ς91. Available from: 
https://academic.oup.com/ije/article/42/4/978/655870 

282.  Bryant M, Santorelli G, Fairley L, West J, Lawlor DA, Bhopal R, et al. Design and characteristics of a new birth cohort, to 
study the early origins and ethnic variation of childhood obesity: the BiB1000 study. Longitudinal and Life Course 
Studies. 2013 May 30;4(2):119ς35.  

283.  Kenny L. Children Growing up in Liverpool (C-GULL) Birth Cohort and CityLab Linked Data [Internet]. 2020 [cited 2021 Jun 
14]. Available from: 
https://europepmc.org/grantfinder/grantdetails?query=pi%3A%22Kenny%2BLC%22%2Bgid%3A%22217067%22%2Bga%
3A%22Wellcome Trust%22 

284.  Pickles R. Design, Development and Initiation of the Liverpool Respiratory Birth Cohort Study [Internet]. University of 
Liverpool; 2013. Available from: https://livrepository.liverpool.ac.uk/17115/ 

285.  Griffith BE. The Liverpool Respiratory Birth Cohort Study: questionnaire development, recruitment and preliminary 
results. University of Liverpool; 2013.  

286.  World Medical Association. WMA Declaration of Helsinki ς Ethical Principles for Medical Research Involving Human 
Subjects [Internet]. 2018 [cited 2021 May 31]. Available from: https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-human-subjects/ 

287.  NHS Health Research Authority. UK Policy Framework for Health and Social Care Research [Internet]. 2021 [cited 2021 
Jun 16]. Available from: https://www.hra.nhs.uk/planning-and-improving-research/policies-standards-legislation/uk-
policy-framework-health-social-care-research/uk-policy-framework-health-and-social-care-research/#sponsors 

288.  Zuidgeest M, Hendriks M, Koopman L, Spreeuwenberg P, Rademakers J. A comparison of a postal survey and mixed-
mode survey using a queǎǘƛƻƴƴŀƛǊŜ ƻƴ ǇŀǘƛŜƴǘǎΩ ŜȄǇŜǊƛŜƴŎŜǎ ǿƛǘƘ ōǊŜŀǎǘ ŎŀǊŜΦ WƻǳǊƴŀƭ ƻŦ aŜŘƛŎŀƭ LƴǘŜǊƴŜǘ wŜǎŜŀǊŎƘΦ нлмм 
Jul;13(3).  

289.  JotForm. JotForm Secure Online Forms [Internet]. [cited 2021 Jun 17]. Available from: 
https://www.jotform.com/enterprise/security/ 

290.  Stead J. The Liverpool Baby Breathing Study- The Cross-sectional and Longitudinal Assessment of Respiratory Symptoms 
and the Impact on Quality of Life in the First 22 Months of Life. University of Liverpool; 2017.  

291.  Teague S, Youssef GJ, Macdonald JA, Sciberras E, Shatte A, Fuller-Tyszkiewicz M, et al. Retention strategies in 
longitudinal cohort studies: A systematic review and meta-analysis. BMC Medical Research Methodology [Internet]. 
2018 Nov 26 [cited 2020 Dec 16];18(1). Available from: /pmc/articles/PMC6258319/?report=abstract 

292.  Ministry of Housing C& LG. English indices of deprivation 2015 [Internet]. 2015 [cited 2020 Sep 30]. Available from: 
http://imd -by-postcode.opendatacommunities.org/imd/2015 

293.  World Health Organization. International statistical classification of diseases and related health problems (10th ed.) 
[Internet]. 2019 [cited 2020 Sep 29]. Available from: https://icd.who.int/browse10/2019/en 

294.  Genomics Education Programme. Second degree relative [Internet]. 2019 [cited 2020 Sep 28]. Available from: 
https://www.genomicseducation.hee.nhs.uk/glossary/second-degree-relative/ 

295.  Ministry of Housing C& LG. English Indices of Deprivation 2015 [Internet]. 2015 [cited 2021 Mar 15]. Available from: 
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2015 

296.  NHS England. Breastfeeding initiation and prevalence at 6 to 8 weeks: Quarter 4 2013/14. 2014 Sep.  
297.  NHS England. Breastfeeding initiation and prevalence at 6 to 8 weeks: Quarter 4 2014/15. 2015 Jul.  
298.  bI{ 5ƛƎƛǘŀƭΦ {ǘŀǘƛǎǘƛŎǎ ƻƴ ²ƻƳŜƴΩǎ {ƳƻƪƛƴƎ {ǘŀǘǳǎ ŀǘ ¢ƛƳŜ ƻŦ 5ŜƭƛǾŜǊȅΥ 9ƴƎƭŀƴŘ ώLƴǘŜǊƴŜǘϐΦ ώŎƛǘŜŘ нлнм Wŀƴ моϐΦ !ǾŀƛƭŀōƭŜ 

from: https://digital.nhs.uk/data-and-information/publications/statistical/statistics-on-women-s-smoking-status-at-
time-of-delivery-england 

299.  Nomis: Official Labour Market Statistics. Live births in England and Wales down to local authority local area [Internet]. 
[cited 2021 Jan 13]. Available from: 
https://www.nomisweb.co.uk/query/construct/summary.asp?reset=yes&mode=construct&dataset=205&version=0&an
al=1&initsel= 

300.  Nomis: Official Labour Market Statistics. Highest level of qualification by number of children [Internet]. 2014 [cited 2021 
Mar 16]. Available from: https://www.nomisweb.co.uk/census/2011/lc5104ew 

301.  Office for National Statistics. Characteristics of Birth 1, England and Wales [Internet]. 2014 [cited 2021 Jan 13]. Available 
from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/characteristics
ofbirth1englandandwales 

302.  Office for National Statistics. Birth characteristics [Internet]. 2015 [cited 2021 Jan 13]. Available from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthcharacter
isticsinenglandandwales 

303.  Office for National Statistics. Births by ethnicity, sex, region and IMD quintile by financial year, 2007 to 2013 [Internet]. 
2016 [cited 2021 Jan 13]. Available from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/adhocs/006134birthsby
ethnicitysexregionandimdquintilebyfinancialyear2007to2013 

304.  Office for National Statistics. Tables on births and infant deaths, by gestation, England only [Internet]. 2016 [cited 2021 
Jan 13]. Available from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/adhocs/005290tableson
birthsandinfantdeathsbygestationenglandonly 

305.  Dinno A. Nonparametric pairwise multiǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ƛƴ ƛƴŘŜǇŜƴŘŜƴǘ ƎǊƻǳǇǎ ǳǎƛƴƎ 5ǳƴƴΩǎ ǘŜǎǘΦ ±ƻƭΦ мрΣ ¢ƘŜ {ǘŀǘŀ 
Journal. 2015.  

306.  tŜǊƴŜƎŜǊ ¢ ±Φ ²ƘŀǘΩǎ ǿǊƻƴƎ ǿƛǘƘ .ƻƴŦŜǊǊƻƴƛ ŀŘƧǳǎǘƳŜƴǘǎΦ ±ƻƭΦ омсΣ .ǊƛǘƛǎƘ aŜŘƛŎŀƭ WƻǳǊƴŀƭΦ .aW tǳōƭƛǎƘƛƴƎ DǊƻǳǇΤ мффуΦ 
p. 1236ς8.  

307.  Fritz M, Berger PD. Can you relate in multiple ways? Multiple linear regression and stepwise regression. Improving the 
User Experience Through Practical Data Analytics. Morgan Kaufmann; 2015. 239ς269.  



224 
 

308.  Garcia TP, Marder K. Statistical Approaches to LƻƴƎƛǘǳŘƛƴŀƭ 5ŀǘŀ !ƴŀƭȅǎƛǎ ƛƴ bŜǳǊƻŘŜƎŜƴŜǊŀǘƛǾŜ 5ƛǎŜŀǎŜǎΥ IǳƴǘƛƴƎǘƻƴΩǎ 
Disease as a Model [Internet]. Vol. 17, Current Neurology and Neuroscience Reports. Current Medicine Group LLC 1; 
2017 [cited 2021 Jun 8]. p. 14. Available from: /pmc/articles/PMC5633048/  

309.  Office for National Statistics. Births in England and Wales by Characteristics of Birth 2 [Internet]. 2014 [cited 2021 May 
24]. Available from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/bulletins/characteristics
ofbirth2/2014-11-17 

310.  Nomis: Official Labour Market Statistics. WD204EW - Main language [Internet]. 2014 [cited 2021 May 24]. Available 
from: https://www.nomisweb.co.uk/query/construct/summary.asp?menuopt=200&subcomp= 

311.  Power C, Elliott J. Cohort profile: 1958 British birth cohort (National Child Development Study). International Journal of 
Epidemiology. 2006 Feb;35(1):34ς41.  

312.  Elliott J, Shepherd P. Cohort profile: 1970 British Birth Cohort (BCS70). International Journal of Epidemiology. 2006 
Aug;35(4):836ς43.  

313.  Callegaro M. Social Desirability [Internet]. Lavrakas PJ, editor. Encyclopedia of Survey Research Methods. 2455 Teller 
Road, Thousand Oaks California 91320 United States of America: Sage Publications, Inc.; 2011. 826. Available from: 
http://methods.sagepub.com/reference/encyclopedia-of-survey-research-methods/n537.xml 

314.  Action on Smoking and Health. Use of e-cigarettes (vapes) among adults in Great Britain. 2020 Oct.  
315.  Carlin JB, Gurrin LC, Sterne JA, Morley R, Dwyer T. Regression models for twin studies: a critical review. International 

Journal of Epidemiology [Internet]. 2005 Oct 1 [cited 2021 Jul 27];34(5):1089ς99. Available from: 
https://academic.oup.com/ije/article/34/5/1089/645923 

316.  Booker CL, Harding S, Benzeval M. A systematic review of the effect of retention methods in population-based cohort 
studies [Internet]. Vol. 11, BMC Public Health. BioMed Central; 2011 [cited 2021 May 28]. p. 1ς12. Available from: 
http://www.biomedcentral.com/1471-2458/11/249 

317.  Deutskens E, de Ruyter K, Wetzels M, Oosterveld P. Response rate and response quality of Internet-based surveys: An 
experimental study. Marketing Letters [Internet]. 2004 Feb [cited 2020 Dec 18];15(1):21ς36. Available from: 
https://link.springer.com/article/10.1023/B:MARK.0000021968.86465.00 

318.  Office for National Statistics. Internet access - households and individuals [Internet]. 2020 [cited 2020 Dec 18]. Available 
from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage
/datasets/internetaccesshouseholdsandindividualsreferencetables 

319.  hŦŦƛŎŜ ŦƻǊ bŀǘƛƻƴŀƭ {ǘŀǘƛǎǘƛŎǎΦ 9ȄǇƭƻǊƛƴƎ ǘƘŜ ¦YΩǎ ŘƛƎƛǘŀƭ ŘƛǾƛŘŜ ώLƴǘŜǊƴŜǘϐΦ нлмф ώŎƛǘŜŘ нлнм aŀȅ нтϐΦ !ǾŀƛƭŀōƭŜ ŦǊƻƳΥ 
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage
/articles/exploringtheuksdigitaldivide/2019-03-04#what-is-the-pattern-of-digital-exclusion-across-the-uk 

320.  Taylor WJ, Zhu GX, Dekkers J, Marshall S. Socio-Economic Factors Affecting Home Internet Usage Patterns in Central 
Queensland [Internet]. Vol. 6, Informing Science Journal. 2003 [cited 2021 May 27]. Available from: http://2003.insite.nu 

321.  Koshy G, Brabin BJ. Parental compliance - An emerging problem in Liverpool community child health surveys 1991-2006. 
BMC Medical Research Methodology. 2012;12.  

322.  Shiffer E. The Dangers of Vaping Around Your Kids [Internet]. 2019 [cited 2021 Jun 6]. Available from: 
https://www.parents.com/kids/health/the-dangers-of-vaping-around-your-kids/ 

323.  /ŀƴŜ w{Σ aŎƪŜƴȊƛŜ {!Σ 9ƭƛȊŀōŜǘƘ vΣ aŎƪŜƴȊƛŜ 5Φ tŀǊŜƴǘǎΩ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ƻŦ ŎƘƛƭŘǊŜƴΩǎ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎ ƻƴ ǾƛŘŜƻ 
[Internet]. Vol. 84, Arch Dis Child. 2001 [cited 2021 May 31]. Available from: www.archdischild.com 

324.  Althubaiti A. Information bias in health research: Definition, pitfalls, and adjustment methods [Internet]. Vol. 9, Journal 
of Multidisciplinary Healthcare. Dove Medical Press Ltd.; 2016 [cited 2021 May 30]. p. 211ς7. Available from: 
/pmc/articles/PMC4862344/ 

325.  Coughlin SS. Recall bias in epidemiologic studies. Journal of Clinical Epidemiology. 1990 Jan 1;43(1):87ς91.  
326.  Engels JM, Diehr P. Imputation of missing longitudinal data: A comparison of methods. Journal of Clinical Epidemiology. 

2003 Oct 1;56(10):968ς76.  
327.  Glas CAW. Missing data. In: International Encyclopedia of Education. 3rd ed. Elsevier Ltd; 2010. p. 283ς8.  
328.  le Coq EM, Boeke AJP, Bezemer PD, Colland VT, van Eijk JTM. Which source should we use to measure quality of life in 

children with asthma: The children themselves or their parents? Comparing the psychometric properties of a child- and a 
parent-report scale. Quality of Life Research [Internet]. 2000 [cited 2020 Oct 20];9(6):625ς36. Available from: 
https://link.springer.com/article/10.1023/A:1008977200176 

329.  Anto JM, Bousquet J, Akdis M, Auffray C, Keil T, Momas I, et al. Mechanisms of the Development of Allergy (MeDALL): 
Introducing novel concepts in allergy phenotypes [Internet]. Vol. 139, Journal of Allergy and Clinical Immunology. Mosby 
Inc.; 2017 [cited 2021 May 25]. p. 388ς99. Available from: https://pubmed.ncbi.nlm.nih.gov/28183433/ 

  



225 
 

Appendix 

Appendix 1: Study Protocol 

 

 

 

  



226 
 

 

  


















































