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Errata

Followingviva voceexamination on 2% July 2021, the following amendments have
been made to the thesisn response to theecommendationseceived from its

examiners: Dr Louise Oni and Dr Jonathan Read.

1 Section 3.10
The process behind how duplicated data was dedtlh 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.

! Section3.11.5.4 and 3.11.5.5
Previously, statisticallgignificant differences in symptom prevalence and healthcare

AaSNDAOS dzal 3S wENR RBRWKSINRAE @i Yd ¢SaiAiy3

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

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

1 Section 4.5
The crosssectional analyses of symptom prevalence and healthcare service asage

now reported as odds ratios, instead.8fF Y R CA&KSNDa 9EI Ol ¢Sada

1 Section4.5.11
Atable has been inserted, to summarise the risk factors that influenced four key

outcomes, across the ten craessctional timepoints. The four outcomes were deemed
to be the most clinicallyelevant: Total LRSQ Score, Domain 7 Score, GP Attendance
and Hospital Attendance

1 Section5.2.4
Further discussion points have been includéxhe reflects upon thpotentially

non-linear correlation between total LRSQ score and total QoL st other
discusses how ewariates can have a confoumng effect uponthe univariate analyses

of the crosssectional analysis.



Abstract

The Liverpool Baby Breathing Study: A Cr&esctional and Longitudinal Assessment
of Respiratory Symptoms in the First Five Years of Life, and Their Impact on Quality
of Life ¢ 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 drogt rate; 3) to amlyse risk factors for poor
respiratory health at different ages in the psehool period; 4) to analyse risk factors

for poor respiratory health throughout thentire pre-school period; and 5) to validate

the Liverpool Respiratory Sympt@uestionnaire for longitudinal use.

Introduction: The Liverpool Baby Breathing Study was founded to assess the natural
history of respiratory healtin a cohort of preschootaged children in Liverpool. The

city hostsmany preestablished 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 sty@lso 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, newswgte recruited from
theposty F Gt YR yS2y it éFNRa 2F [AOBSNLR2f 22
@€SENERYX (KS Ay Tl ypam@l ISHBY @y OANBBESGESRdzO (G KSA
respiratory wellbeing. Questionnaires were delivered electronically, and consisted of a
Livepool Respiratory Symptom Questionnajras well as additional questions about

0 KS @#pastir&kt@ @otential risk factors. Data collection ran from May 2013 to
January 2020.

Results The Liverpool Baby Breathing Study cohort consisted of 687 infidnth
represened5.5% 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 studased orcrosssectional and
longitudinal analyss, the most apparent risk factors for poor respiratory health during
the preschool period (i.e. more frequent respiratory symptoms) were found to be:
having a cemorbidity, attending nursery, being male, having a family history of atopy,
not sharing a bedroom, and having a younger mother. The Liverpool Respiratory
Symptom Qastionnaire displayed good to excellent internal consistency when used
longitudinally.

ConclusionsNot only was the Liverpool Baby Breathing Study ablartber endorse
well-establishedisk factorsas important tothe development of paediatric respicay
disease, buit wasalsoable tosupport the importance déssestablishedisk factors

too. The Liverpool Respiratory Symptom Questionnaire can now be used as a validated
tool in future longitudinal studies of piehoolaged 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 2QMith recruitment occurring from

January 2013 to November 2014, and deddlection running from May 2013 to

January 2020. It islangitudinal birth cohort study, in which prgchootaged children

born in Liverpool are assessed for their prevalence of respiratory symptoms, and how
adzOK aevyLlWizya FFFSOG GKSANI FYR GKSANI LI NB)
performed by ®ing the parentalhicompleted Liverpool Respiratory Symptom

Questionnaire (LRS@very six months, between the ages of 4 anenfdhthsold. By

completing these assessments, the primary objectias outlined by the study

protocol Appendix )ccand S Fdzf FAf f SRY ddp@tedReSgir@omhA 0 S LI N
symptoms within a populatio® 8 SR 0ANI K O2K2NI X Fa GKSe& |
Alongside the LRSQarents complete another questionnaire. This questionnaire asks

l 62dzi | O Kexofdéh@graplBctahdsécideddnomic risk factors for paediatric
respiratory disease. By using this second questionnaire, the secondary objective

2dzif AYSR Ay GUKS &addzReé LINRG202ft OlFy 6S | OK)
between different respiratory& YLJi 2 Y&AX | yR SEL}R &dz2NB (2 RATFT
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 evaluatingspiratory 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:

1 Provide an overview of the literature that already been conducted into the
natural history of paediatric respiratory health, including many of the published
studies that have relied upon the LRSQ.

1 Explain the methodology of the LBBS, as well as the ideology behind it when
necessary.

 Evaluatethed (0 dzR& Q& NI O NHzArates 8nd dompase khesk b préddous A 2 v

birth cohort studies.



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 crossectional 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 regslof the LBBS, by using mixeffiects modellingo

identify the risk factors that collectively pose the greatest threat to respiratory
health during the preschool period.

Validate the LRSQ fase in longitudinal studies, and publish said validatioa

peerreviewed journal.



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

understandiry 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. Rigkctors for paediatric respiratory disease are

summarised, togpport their assessment in the LBBSthorough description of the
aidzReQa OK2aSy NBALANI G2NB deYLWi2Y 1jdzSaidaAa:
justification for its use is also given. This is followed by an overview of the various

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

suitable for the LBBS. A historical review of health and social inequality in Liverpool is
a2 LINSASYUGSR= a | YSitya G2 &adzZJR2 NI GKS
Finally, a summargf some previous birth cohort studies is presented, in order to

AYF2NY GKS [ .cafwelasaniidz@eits suidmes y

2.1 Common Respiratory Diseases in Children

Respiratory disease accounts for the most hospital admissions amongst chiltdren.
the United Kingdom (UK), 25% of paediatric hospitalisations ar&D33 of primary
care consultations are for respiratodjsease? Respiratory disease cost the UK
economy £11.1 billion in 201&up from £6.6 billion in 2004.Respiratory diseasa/as
responsible foB81% ofdeaths amongst 0 to }gearolds in1968, though had fallen to
11% in 2012*° Approximatelythree-quarters of these deaths were attributable to:
pneumonia, asthmar cystic fibrosis (CF)Globally, pneumonia is the biggdsller of
childrenunder 5yearsold: 15% of said children across the world died from the

disease in 2017.

2.1.1 Allergic Rhinitis

Also known as hay fever, allergic rhinitis is a common childhood disease, in which the
nasal epithelium becomes inflametWhenthe nasal mucos& exposedo an

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

degranuate ¢ thus releasing inflammatory mediatoirsto the mucosa’8 The nasal



mucosa becomes further inflamed, as it is infiltrated bgrenimmune cells? The

disease is characterised by sneezing, rhinorrhoea, nasal congestion and itchy eyes, ears
and rose.The pattern of allergic rhinitis depends on what allergens a child is sensitive

to. Pollen is usually responsible for allergic rhiniighe summer months (seasonal)

but yearround allergic rhinitis is typically causeddyst mites, pet dander ardr

mould. Where possible, allergic rhinitis can be managed by avoiding allergeosgh

intranasal corticosteroids and antihistamines are still frequently uéed.

2.1.2 Asthma

Asthma is the most common chronic disease amongst childpproximately 3%f

pre-schoolaged children had a diagnosis of asthma in 2Q1&presenting a huge

decline in lifetime prevalence since the start of the millennidifihe condition is

characterised by obstruction of the small airways, which carebersed with

bronchdlilators.’%¢ KSNBE ' NB aS@OSNI f WINARIISNEQ OF LI of
response from the airways, such as: allergens, exercise, environmental tobacco smoke
(ETS)cold weather and respiratory tract infections (RTH.Upon exposured a

WHNRARIISNORS G NR 2 dzinflanihatargCBokiaes intd the abBYO NS G S LINE
mucosa via a complex pathway. These cytokines subsequently cause airway mucosae

to become oedematous, smooth muscle to constrict/hypertrophy, and mucus to
hypersecrete The three phenomena ultimately cause airway lumina to narro\.

l'A0KYF OGKIFIO Aad WINARIISNBRQ o6& |y |ftftSNBSY Aa
associated with eczema and/or hay fever tddhe classic symptoms of asthma are:

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

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

night.2al y& OKAf RNBSY WINRg 2 dzi PARchidréanfveh RA &SI &S
asthma are initially treated with a sheacting bronchodilatarif their asthma remains

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

schootaged children,dukotrienereceptor antagonigcanbe used if asthma still

remains uncontrolled!? In exceptional circumstances, children are referred to an

asthma specialist so that they can receive alternate therapfes.



2.1.3 Bronchiolitis

Bronchiolitis is a viral lower RTI, which predominantly affebtklren under the age of
2-yearsold. The majority of infections are caused by respiratory syncytial virus (RSV),
but other viruses have been implicated td8 As such, bronchiolitis in the UK is
especially common during the Winter month&The irfecting virus induces

inflammation of the bronchioles, so that their mucosae become oedematous and their
lumina fill with mucus; infection of the type Il alveolar cells leads to surfactant
deficiency too, which results in a loss of airway patefiti£ The small airways

therefore become narrow and obstructeBollowing coryzal symptoms, children

usually present with: wheezing, a cough, fine respiratory craekldssigns of

respiratory distress. Most children will recover from bronchiolitis, so lathay

receive supportive caré®However, a small proportion of children (usually under 9
months-old) require hospitalisatiorior severe bronchiolitis. In hospital, such children

may receive oxygen therapy, nasogastric feeding and/or mechanical viemtifa!®

2.1.4 Croup

Qroupis the diagnostic ternfior an infection of thdaryngotracheatract. It is a viral
diseaseg most commonly associated with parainfluengzthat is particularly prevalent
in the Autumn, between #nonths and 3yearsold. 1 Dueto mucosal oedema, the
alreadynarrow laryngotracheal tract becomes further narrowed; this results in
increased airway resistance, which can pose a threat to airway pat&r@xoup
GeLIAOKfte LINBaSyda -gradeéfevyr, harsh$tidorNdidey 3 Q O 2 dz3 ¢
hoarseness, laboured breathing, and subcostal/intercostal recessiowsth
supportive care and aaralintramuscularsteroid, mostchildren will recover quickly
from croup.However, those with impending respiratory failure requireshitalsation,
in order to receive nebulised adrenaline and/or oxygen therapy and/or nebulised

steroids. Mechanical ventilatiois reserved for the mogiritical cases?:16

2.1.5 Cystic Hrosis

CF is a lifdimiting multisystem disease, which is th@ostcommongenetic disease
amongst CaucasianSF is caused by the autosomal recessive inheritance of a mutated
CFTR gene. Over one thousand mutations are associated with the disease, ydét 80%

mutations in the UK arp C p. ASince 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 exocrarelglbecome
dehydrated and their secretions become thiék! Children with CF often experience
weLATXZ 06SOlFdzaS ol OGSNARAI INB |6tfS G2 O2t2yAas
obstruct the respiratory tract; recurrent infections eventually resulbronchiectasis.
Productive coughs, nasal polyps and sinusitis are commorttdGhildren can

experience digestive, skeletal, hepatopancreatic and reproductive problems as‘well.
Nowadays, most cases of CF are detected via newborn screéiintpe 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 wittysticfibrosisrelated diabetesactive RTIs, low

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

2.1.6 Epiglottitis

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

result of aHaemophilugnfluenzaeB (HiB) infection, and most cases occur during the

pre-school period?®5 dzS (12 GKS yI NNRBg a0NHzZOGdzNE 2F OKAf |
epiglottal region can suddenly obstruct the upper respiratory tract; for this reason,

epiglottitis is a medical enmgency.1® Children typically present with a rapid onset of: a

high-grade fever, soft stridor, dysphagia, a sore throat, drooling and a visitidyned
SLtAadt2dGAad ¢KSe Ff&az2 FLIISIEN Wi2EAOQ:E FyR (S
position.1®1°Epiglottis requires urgent endotracheal intubation, followed by

intravenous antibiotics? Since the introduction of a HiB vaccination, the incidence of

epiglottis has declined drasticalfy.

2.1.7 Influenza

Influenza is a viral respiratory infection, ighis transmittedwhena mucosal surface
comes intocontactwith respiratory secretions typicallybetweenDecemberand

March 11.2021The infectioncan be caused by one of three types of influenza virus: A, B
or C.Influenza A is the most common aifating strain of the virus, and is responsible
for largerandmore frequent outbreaks of the disease; influenza B is responsible for
smallerand less frequent outbreaksthough it is still accountable for a significant

proportion of childhoodinfections.Influenza C is a relatively uncommon strain of the
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virus.?223Pro-inflammatory cytokines are produced by immune cells in response to

0KS @ANHzz AYyFSOUGAYy3a GKS NBALIANF G2NE (NI O3
inflammation.?* Most children vith influenza will suffer mild symptoma:fever, a dry

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

They can be treated with supportive catddowever, those who are clinically-ask

(i.e. they have an underlying medical condifi@m who have a genetic disposition, are
susceptible tadeveloping: primary viral pneumonia, secondhacterial pneumonia,

myocarditis or encephalopathy. Theskildren are eligible to receive antiviral

treatment too. 12>

2.1.8 Pneumonia

Pneumonia is the infection of lung parenchyma, in which alveoli and bronchioles
become inflamed?! In newborns, pneumonia is predominantly caused by Group B
Streptococcus oEsterichia coli pneumonia is more likely to be viral or caused by
Streptococcus pneumonidgaemophilus influenzae pre-schootaged children?26
Whilst the presentation of childhood pneumonia varies from child to child, hallmark
features generally inade: 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 distfgd28Antibiotics are
often prescribed to treat @neumonia, and can usually be given from home. More
severely ill children may require hospitalisation for oxygen therapy, analgediar

intravenous fluids?

2.1.9 Upper Respiratory Tract Infections

On average, children experience six to ten upper RTIggsc making them one of

the most popular reasons for primary care visitatid®’ 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)stMipper 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 Sareghtococcus
pneumoniaéHaemophilus influenzaare known to cause dts media.? The infection
causes certain structures of the upper respiratory tract to inflame, which results in

symptoms. Norspecific symptoms generally include: rhinorrhoea, nasal congestion,
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coughing, a sore throat, otalgia, cervical lymphadenopathy, facial teedsand
fevers.? Most RTIs are simply managed with supportive care, but those that are

bacterial in origin may require antibiotics tot?®

2.2 Common Respiratory Symptoms in Children

Childhood respiratory diseases tend to display similar symptomsiribisé common
such symptoms are: coughing, wheezing, dyspnoea, stridor and céipfants will
suffer with these respiratory symptoms for an average of four weeks per $fear.
Cougling, in particularaccounts for the most complaints of paediatréspiratory
disease? The prevalence of the various respiratory symptoms is pedebcribed 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, wheneves itritated by particulates,
secretions or inflammatioriJpon the mechanical or chemical stimulation of a cough
receptorin the respiratory tractafferent nerve impulses are transmitted to the
brainstem.2° From the brainstem, efferent impulses iaité a large intake of breath to
maximise intrathoracic pressure; the glottis subsequently closes of the larynx, and
muscles of the chest, abdomen and pelvis all contract. fiitoaacic pressure further
increases as the muscles contract, eventually legtinthe forceful expulsion of air
through the airways3%31Sometimes, when the airways are irritated or inflamtrh
tracheobronchial treavill hyperproduce mucug which is ejected as sputum whilst
coughing3! Many diseases can cause a child¢taigh, including: asthma, inhaled

foreign bodies, tracheomalacia, tuberculosis, CF and gastsophageal reflux

disease.
Character Underlying Pathology ‘
Productive of Coloured Sputum Infection
Exerciseinduced/Nightinduced Asthma
Barking Croup

Violent Paroxysms, Followed by Inspiratory _
N Pertussis
Whoop + Vomiting

Tablel: phenotypes othildhoodcough
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(Table 3.23t

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 ventilafis?? It is often referred to
4 WaK2 NIy Saa2Thelsympthidis an& athednfain reasdinat people
seek medical attention, and though it often haseapiratorybasis it can be caused by:

neurological, cardiac, psychological and metabolic disease'éd.

2.2.3 Rales

lfaz 1y26y Fa NBALANI G2NE ONI OddréSas NI f Sa
generally heard during inspiration, but can be heard during expiration{edThey

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

the airways expand during inspiration, the pressure gradient is ableualsg across

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

WONI O f AvaEIE SR dTRA D S RSAONAOGSR a SAGKSNI
lower-pitched, longer in duration and originate in larger airwaye latter are higher

pitched, shorter in duratiomnd originate in smaller airways:3*In children, ralesire

usually seen in conjunction with pneumonia or asthita

2.2.4 Stridor

Stridor is a harsh, highitched, monophonic sound produced by turbulexirflow
through a partiallyobstructed upper airway:®**When an airway is narrowed, the
Venturi Effecttausesirflow velocityto increase; such an increase creategacuum
whichthen collapses the airwayThis ighe Bernoulli PrincipleUpon itscollapse,
resistance rises within the airwayresulting in turbulent airflow and increased work of
breathing.3* Most stridor is inspiratory in origin, which indicates a narrowing at the
level of the vocal cords. However, it can also be expiratory or biphastcating a
narrowing of the bronchi or subglottal region, respectivéf?®Infections account for
the majority of stridor, but it is also associated with: inhaled foreign bodies, trauma,
FyFLIKetFEA&EST fFNEBY3I2YIF TRl OWTFE 2L | NEB



2.2.5 Wheeze

A wheeze is a higpitched sound, created by the lower airways narrowildypically
occurs diring expiration because at this time, the lower airways become compressed
by high levels ahtra-thoracic pressurdJpon further compression to the already
narrow airwaysairflow velocity increase Awheez is produced by the airway walls
vibrating inresponse to the increased airflow velocity!Wheezes are monophonic
when there is docalarea ofnarrowing(e.g. an inhaled foreign body or a tumour), but
are polyphonic when multiple branches of the tracheobronchial tree are obstructed
simultaneosly (e.g. asthma, bronchitis or bronchioliti)3Approximately half of
children have experienced at least one episode of wheeziegdespite having
become almost synonymous with asthnhessthan 10% of childood wheezersre

diagnosed with asthi 3638 Therefore, an increasing amount of research is looking at

the different phenotypes of childhood wheefEable 3.

Phenotype Description

Distinguished by Duration

Transient Early

Wheeze38.39

Wheezing persists untikgearsold, but notthereafter

Prolonged Early

Wheezing persists untikearsold, but not thereafter
Wheeze*

Intermediate-Onset Wheezing begins after ¥ onthsof-age, and persists
Wheeze*® thereafter. There is a strong association with atopy.

LateOnset Wheeze Wheezing begins aftergearsof-age, and persists

= thereafter. There is a strong association with atopy.
Wheezing persists from infancy, throughout all of
childhood

Distinguished by Frequency

Wheezing only occurs at distinct points in time, with n

Persistent Wheez@&8:3°

EpisodicWheeze° symptoms inbetween. Often seen in conjunction with ¢

viral RTI.
Multiple-Trigger Wheezing is continuous, but there are obvious periods
Wheeze*? exacerbation. May bassociated with atopy.

Table2: phenotypes of childhood wheeze
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2.3 Risk Factors for Paediatric Respiratory Health

There is an abundance of research about the factdveth intrinsic and extrinsic to a

child¢ that pose the greatest tleat 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 é/earsold, the lungs experience their greatest period of
development. Therefore, if exposed to air pollution, they are more susceptible to
impairedlung growth and function, immune dysfunction, and faulty repair
mechanisms*<44 A major source of air pollution isiby roadsas they are where
nitrogen dioxide NGy) and fine particulate mattelevelsare highest. NG and fine
particulate matter are noxious when inhalechildren wholive closeto a busy road
aremore likely to be diagnosed with asthma or haveaathma attack They are also
more likely to experience: wiezing, coughing, pneumoniand RTIs**48 These
symptoms are common in all highhplluted areas though'%°! Asthmalike symptoms
are more common in areas of high air pollution, aftkn result in the hospitalisation
of schootagedchildren.*352Pre-schootaged children are more likely to be
hospitalised with pneumonia or acute bronchitis when they live in a polluted. &ea

Living in a rural arear near green spagés actuallyprotective against asthm#®53

2.3.2 Breastfeeding

Breastfeeding isvidely considered to proteathildrenQ & NI & LJA NChifdemNE
who are breastfed for the first nine months of life experience asghing, wheezing
and/or phlegm production, comparet those who arebreastfedfor any longer or
shorter.>* Infants who are breastfed for more than twelve weeks are less likely to
suffer RTIs tog though this phenomenon is more applicable to the first half of
infancy.>>%7 In fact, the overall protetive effectof breastfeeding appeaito be most
apparentin the first2 yearsof life, beforediminishingwith age.>®°°Numerousstudies
agreethat breastfeeding is protective against wheezargy or asthma.However,

infants may need to be breastfed for up to six mon¢h® even a yeac in order to

reap any lenefits.>*5%62 Breastfeeding can also reduce the risk of hospitalisation with
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lower respiratorytract disease, and may reduce a chilsuisceptibity to the effects of
ET863’64

2.3.3 Comorbidities

Various cemorbidities are associated with paediatric respiratory disease. Pulmonary

and neurological conorbidities are particularly associated with influenza

hospitalisations, but any emorbidity will ircrease the risk of being hospitalised for a

lower RTI%%6¢Respiratory symptoms are more prevalent in HIV suffegexs is poor

lung function.8” Neurodisabilityhas been connected to an increased chaote

experiencing chroniespiratorysymptoms 8 RTIs may increase the risk of childhood

asthma, but asthma may increase the risk of RTIstegpecially those requiring
KaLIAlGlIfAaAlI A2y d /| KAf RK22R 29%8%d Gungenitdl f a2 Ay ON
airway abnornalities are more frequent amongst those with: neurol@ajtefects

chromosomal abnormalitiegndcleft lipg/palates. *

2.3.4 Deprivation

[ AGAY3 AY RSLINAGFGA2Y OFYy AYyONBIFaS I OKAfRQA
antenatal smoking, poor air quality, damp housing, overcrowding, poor vaccination

uptake and lack of green spacéThese are all prestablished risk factors for poo

paediatric respiratory healttDeprived childrerare more likely to be admitted to

hospital with acute respiratory failure or an RiTis likely that deprivation increases

the risk of contracting an RTI too, but there is conflicting evidet¥¢&.’” The

association between deprivation and asthmlao has conflicting evidencehere

might not be dink betweenthe two, yet some data suggests thegthmaisless

prevalent in deprived childrerAsthmatic children can experience more severe

symptoms however, if they come from a deprived backgrouriti’®

2.3.5 Ethnicity

Recent years have shown an increasing interest into the effect of ethnicity on
respiratory health. CaucasiahildrenhavegreaterFEVY andforced vital capacity
measurementsas well agreater functional residual capacity (when standing)
compared to children of other ethnicitiesespecially black childref®81Black children
are 1.7 times more likely to suffer from respiratory disease-gé8rsold, with
tonsillopharyngitis and lser RTIdeing particularly more common by schearje 7082
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Children with black parents may have an increased chance of being asthmafig too.
Non-Caucasiawchildren have digherrisk ofinfluenzarelated hospitalisation, andvith
the exception ofAsian/Pacific Islander infantare more likely to die from a lower RTI

during infancy®584

2.3.6 Family History of Atopy

Therelationshipbetween familial atopy and wheezimtisordershas beerthoroughly
established®%<89 A maternalhistory of asthmads strongly associated with wheezy

and/or asthmatic children; sibling and paternal histories are still assoc@adioeit to

a lesser extent?%598889n fact,a maternal history of asthma maybduethe

protective effects of breastfeedindpecause astina is more common amongst

breastfed 6yearolds when theimother hasthe disease too®? 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 resfiry symptoms?2°55%0The same
cannot be said for children with a paternal and/or sibling history of hay fever however,

as such children are more likely to whee%e.

2.3.7 Household Population

Thee is inconsistent research into how tie2 YLIZ A G A2y 2 T affectOKAf RQa
their respiratory healthHousehold crowdingand thepresence of older siblingare

correlated with an increased incidencelofver RT1s>>°%%3 However, they are also

associated with lower rates of asthma and atopic dise&s®:°1-%4nfants ae still

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

though. "> These trends imply thablder)siblings expose children to infectious agents

in early life (resulting imore RTIs)Such exposursthen prime the immune systemso

GKFG AG R2SayQi 0S5S02YS aSyadthudpie®Ringl 2 AYYy 2 (
atopy. 89

2.3.8 Living Conditions

AchildQa f A @A yale kapgnyti®Rinfliehc2 théir respiratohyealth. Families of a

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

potential triggers of paediatric respiratory disea&&Children experiencenore

respiratory symptomswhenever their household air contains traces@, calcium,

chlorine or silicon? Pests andvater leaks are known to increase the risk of
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developing asthmabut damp and mould iparticular, can increase the risk by-30%.
Mould also leads to more emergency hospital admissions amongst asthmatic children,
when it grows in their bedrooms§?:83%Living on a farm is said to be protective of
asthma.>® The presence of househotthmp, mould antbr humidity raisesthe

incidence of respiratory infectiong?°’

2.3.9 Low Birth Weight

Most research suggestlat I lowbirthweightQs arisk factor for respiratory disease
in childreng especially amongst 2 to¥earolds and those exposed to EPSThere is
some datato suggesthat respiratorysymptomsare actually more common amongst
children of ahigher birthweight2?!  Wf 2 g 0 A dhbin&cie®ta @DErér DngA A
function, which can even persist into adulthoogspecially amongst malp$°10°
Asthma and wheezing is more prevalent amongst tHose atless thar2.5kg
However, recurrent wheezingay be less common within this demographic during
infancy.2%:5987.10L103nfantsborn atless thar2.5kgalso have a greater risk of dying
from a RTK 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 thaty@&rsold, are more likely to: be
hospitalised with RSV, have airway disease, or die of a lowet*fRPLMOf course,

the fact that younger mothers tend to be more deprived and tend to smoke more,
could influence these statistic¥®> A maternal age dess than 26yearsold has been
associated with an increased prevalence of childhasithma. This phenomenon has
been observedcross the globebut in MexicarAmerican women, a young maternal
age is protective against childhood asthmsuggesting a dege of cultural

dependency to this particular risk factdf%108

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
sympoms,; wheezings particularly common during the infantile yeat%8%88.109RT|s

are more likely when children attend nursery, so the fact that attendees visit a doctor
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twice as often as noattendees is not surprising!®1Diagnosable respiraty

diseases are also more common amongst nursery attendees, and the risk of atopic
disease is higher when children enteirsery before émonthsold. 18 However,

since nursery attendance camcreasd: O KekpbdRr@ th infectious/sensitising
agents there may actually be a protective effect associated witBuich an effect may

only become apparent in later childhood though.

2.3.12 Nutrition

I Y 2 {dieBdddRgipregnancy camfluenceheNJ OK A f ReShiratofly dealtzNI
Infants appear to wheezmore, if their mother ate a lot of fadbod during pregnancy;

the risk of wheezing also increases, as maternal body mass index increases. Childhood
asthma is associated with maternal oltggoo. °°87112|f their mothers had
carbohydraterich diets during pregnancy, infants are more likely to have seRS¥
infections.1130n the other hand;  Wa S RA ( S Qiihg/p&gngincyRsAb&lidved

to be beneficial to chillknQ & | A NJ | &c adddpyti@ pravanyioh ¢¥f Wheezing.

Fish and apples are particular protective against asthma/atdfy}16 Benefits to

infantile respiratory health have also been seen froraternal diets that areich in:

fibre, zinc,vitamin Dand vitamin E39.115.117

Justas maternal digdl y A YLI OG | OKAf RQa | NBOKUBAE NJIQOFE2 NB
I AYZ W2SadSNYy Riodicah RadloyarRicrease®prevataio&of ¥ & U
wheezing, RTIs and dyspnoea amongstgmgootaged children!®11°0besity is also

associated with an increased asthma risk agdliRortunately, asthma and wheezing

I NE (K2dzaKaG G2 0SS LINBGSY GdndiéFruits providR K S NA y 3
more of a protective effect than vegetables, but this becomes more apparent as

children become oldef?119120Symptoms of an upper RTI can be minimised by

following a diet ofgreen vegetables, beef, and dairy produéd Any malnutrition
however,cancausethe respiratory system to undetevelopg especially in the first

three years of life’?
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2.3.13 Parental Education

Parental education hasecently emergeds apotential risk factor for paediatric
respiratory diseaseéDiagnosable respiratory diseases are more common amongst
children whose fathers have a poor educati®hAn incomplete maternal high school
education increases the risk of respiratory failure in preterfants, whilst less than
twelve years of maternal educatioaises: y A y T I y (nibéality ridgké*S2RiDhew ¢ L
risk ofdevelopingasthma is greater in children whose mothéi@ve a low level of

education, and even amongst diagnosed asthmatics, hdessgeducated parents is

associated with poorer control over the disea¥8:122 KSy | OKAf RQa LJ NBy 3

educated, theiFEVY islower, and they are more likely to be hospitalised with

influenza 85125

2.3.14 Prematurity

Premature birth(<37 weeksjs a welldocumented risk factor for poor paediatric
respiratory health where children with the smallest gestational ages bear the greatest
risk 5%126However, children who are born lafgreterm or earlyterm still experience
more respirdory symptoms than their fulterm counterparts. Latgreterm infants are
hospitalised more often than futerm infants too.127:128The riskthat prematurity
poses canpartly be explained byits association with bronchopulmonary dysplasia.
Bronchopulnonary dysplasia is more commoneartremely premature birtk (<28
weeks) and isknown to result in a higher prevalence of respiratory sympta@amd
poorer lung functioing. 126129 ung functions poor in many premature infants
though¢ especialf males. °%1¥|nfantile respiratory infections armore frequent in
those born very prematurel{<32 weeks)?¢ Wheezing and asthmare more common
amongst prematurelpborn children and again, the most premature children are the

most likely to be wheezy/asthmati¢?®131.132

2.3.15 Sex

The majority of literature identifiemalesas beingat ahigher risk of respiratory
disease compared to femalesThis risk may be even greater foatas born
prematurely.*?6 They experience more respiratory symptoms, aixit healthcare
servicedor saidsymptoms 50% more often?®119Wheezing iparticularly more

commonamongst boys%8%.10° Boys are more likely to suffand diefrom lower RTIs
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as well ade hospitalised with RQpossibly because they have smaller airways, and
are thus more susceptible to the pathophysiologic sequalae of arf R¥411.133

Conversely, girls magxperienceupper RTls mor&equently.

2.3.16 Sharing a Bedroom

Sharing a bedroom in childhood appedo be detrimental to paediatricespiratory
health, although with a relatively limited evidence base, it is difficult to conclude how
significant the risk i€! The likelihood of alRSVassociagd lower RT(in the first three
months of lif§ increases, s more people share a bedroom withid infant 133 Lower
RTlsare more common when the bedroom is shared waother pre-schootaged

child; sharing with an adult makes upper RTIs more commBiwWhentoddlers share

anactual bed, then they are deemed to be at greater risk of asthma in latet¥ife.

2.3.17 Smoking

Exposure to secorthand tobacco smoke is responsible for a significant amount of

chronic respiratory diseas€ Children can & exposed to tobacco smoke in two
RAFTFSNByG adlr3asSa 2F tAFSY FydadSylridrtte I yR«

Bvidenceconsistentlylinks smoking during pregnancy, with poor paediatric respiratory
health.However, some research suggests that any detriment will dwindle throughout
infancy, whilst other research suggests that sckage children are worsaffected by
antenatal smoking. Thereight even be a lifelong risk oéspiratory disease®56:59.135
Amongst children whose mothers smoked antenatally, lung function is poorer and
RSVassociated hospitalisations anéggher.”>136Wheezing is alsmore prevalent,
SALISOA I f tnibther dmoked iDtKerséceh @nd/or third trimestéf®13”Not
only is bronchiolitis commoner in infants whose mothers smoked during pregnancy,
but the mortality risk from the disease (and other lower RTIS) is greatefté&
Antenatal smokingan increase the risk girematurity and4éw birthweighQ Y (i & 2
known risk factors for poarespiratory healthg which may exacerbate the effects of

smoking during pregnanc$f
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Approximately65,000childrendie from theunderlying dfects of ET®very year,
across the world**® Pre-schootaged children are at a particular detriment to the
effects of ETS? RTIsare more commoramongst thosexposed to ET s are asthma
and asthma attack$?393.96.111,140.14Maternal smoking presents a larger risk than
paternal smoking, in the development of: upper RTIs, asthma and wheéZift4!
When a child lives with more than two smokers, they are at a heightened risk of

acquiring severe pneuaonia.4?

2.4 The LiverpodRespiratorysymptom Questionnaire
2.4.1 Originsof the LRSQ

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

for use amongspre-schootagedchildren. Powelét al.developed it in Alder Hey

| KATRNBYLAGEE FyR [ A BWIGecauke attigeYirBeytiede | 2 & LIA O |
was no standardised questionnaire for assessing the prevalence nor natural history of

respiratory symptoms in the prschool age groug?® The most widelyused

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

validated in schoehged children!4

The original questionnaire containgkiirty-four items, derived from existing

respiratory symptom questionnaire$he itemsavere divided into four domains

WRF@GAYS aevYLIizyYaQ:r WyA3IdKG GAYS aevyLiizvyaQs ¢
YR WA YLI Ol “Ie¢chtankullise® b Mdpdind Lkdrt scale, as used in a
previousparentallycompletedquestionnaire by Usherwooet al. 14> The original

guestionnaire can be found lppendix 2

The questionnaire was validated, based on responses frontdrkgivers. Each

caregiver completed the LRSQ on two separate occasions. This allowed itgesmort
NEBfAFIOATAGRE G2 0SS ( $aedtiSnixD I ded RyWwH >/ 2 ©2Ma W2 LA
ONBI G§KAY 3 T idhowvedakleast indddide siief@rm reliability.Both

I NPyol OKQ&a | fLKF FYyR FFEOG2NI Fylfeaira ¢SNB dza
each domaing 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 withasbmmatic children,

all domains othe LRSQ were deemed sensitive to differentiating between asthmatic

YR WgStftQ OKAfRNBYD® ¢KAA Aa (Sarhe YSyd G2
content validity of the LRSQ (i.e. whether it adequately encompasses all relevant areas

of paediatricrespiratory health) was deemed acceptable by two respiratory

paediatricians43

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

I f LIKF a02NB 2F xnodpmI gAGK GKS NBYFAYAy3 |

consistency!43

2.4.2 Usage of the LRSQ

¢KS [w{v KFra 088y OrftARIGSR (2 RAAGAYIdzAAF
YR GK2aS gK2 R2E&irhekliesidnnaird&nds aRd b@ed validated

for distinguishing childreq up to the age of twelve 6 K2 | NB Wg St f Q gA 0K

those who are experiencing an exacerbatiéfi.

The LRSQ is has been employed in studies that assess respiratory symptoms in children
with neuro-disabilities 1*¢ One such study adapted the LRSQ, by removing the

Y3 WEIBAGK FOQUADBAGEQ R2YIl A y-disahiliies Fafedzy R (0 K I
significantly higher total scores, than those withot#tAnother study found that

neuro-disabled children have higher total scores, when their gastroesophageal reflux is
treated surgicallx, compared to no surgery at alt® A future study will assess

respiratory symptoms in neurdisabled children who take a year of prophylactic

azithromycin 14°

The questionnaire is commonly used in studies that explore the naturalisto

asthma. Researchers in the Netherlands have used the LRSQ for multiple projects that
aim to identify a biomarker for the inflammatory disea$®:'52In doing so, they have
found that future asthmatics have higher LRSQ scores during thegh@olperiod

than transient wheezers dad®°
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The LRSQ has frequently been used to investigate the association between respiratory
symptoms and prematurityt?8.130.132.15657 By ysing the questionnaire, Edwaretsal.

found that increasing prematurity wiincrease the prevalence of respiratory

symptoms. They also discovered that an edelyn birth was associated with more
prevalent respiratory symptoms, and more frequent healthcare attendatt€é3?

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 diseéas&#

The LRSQ has been used to understand the effect of other risk factors ont@gpira

health too. It has been used to highlight the protective effect that a iigte

YFEGSNYyFE RASGO Oly KIF@S 2y P TmRNRsidyaide T2 S dzaQ
has been able to demonstrate the particular risk that passive smoking has on

AfricanAmerican children as wel?® Matteset 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 lifé? Even another cohort study has used

the questionnaire, to investigate the risk factors for wheezing in childh@od.

There are more instances of the LRSQ being U8&t° The questionnaire was used

to assess the prevalence of letegym respiratory symptoms amongst children who had
contracted an RTI during chemotherap§? The LRSQ was also used to compare the
respiratory symptoms of thregearsolds, based to their history of R®Yonchiolitis or
RSMnduced wheeze in infanc§f! By using the questionnaire, another study
investigaed the respiratory morbidity of neonates who were born to mothers who

had undergone an amniotransfusiof?

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-schootaged children, and it assesses rmpecific respiratory symptoms. It

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

various cemorbidities. The version of the LRSQ used in the LBBS contains 33

questions, 32 ofvhich are assessedonaftd Ay G [ A1 SNl aOlF t So | | dzS:
GgKSSTAYy3aQ sFa 2YAGGSRT a GKS f2y3AlddzRRAYLFE vy

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

Respiratory symptom questionnaires are used in healthcare to aid clinicians in

dzy RSNREGIF YRAY3I GKSANI LI GASY(iQa O2yRAGAZ2Y D
and simple to interpret which makes them ideal for use in tirgeprived settings

(e.g primary care, emergency departments or cliniés 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
purposesOther types of respiratory symptom questionnaire focus on a specific
symptomgdza dzl £ £ @ G2 dzyRSNRUOlIYR K2g Al FFSOGa
of respiratory symptom questionnaires focus on a particular disdaseasespecific
questionnaifa G SyR (G2 ladasSaa I LI GASydQa O2y i NPt
their QoL.

Some respiratory symptom questionnaires are more widely established than others.

Table 3identifies how many times certain prealidated respiratory symptom

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

different sources. This is followed by brief outlirdssaid questionnaires.

Semantic Web of

Questionnaire Dimensions Scholar  Science

7 ACQ!'66 157 184 144
24 Asthma Quiz for KidZ’ 33 37 32
8 ATAQ!68 114 141 112
31 ATSDLD78-C169 N/A N/A 2
30 Best ACIP 170 5 4 2
15 BPAS "t 55 62 47
18 Breathmobge Casle72Ident|f|cat|on 51 41 49

urvey
3 GACT'"3 516 598 478
25 CAN74 24 38 25
13 CA13Q@"® 69 61 55
10 CFQ® 84 109 71
9 CHSA" 116 131 106
16 Easy Breathing Survey?® 52 64 46
14 EISEWQ17® 55 77 51
5 Functional Severity of Asthma 188 219 184

Scalet®
21 HAY18! 38 52 28
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11

1
19
4
20

17
26
27
28
22
2
29
23
6
12

Table3: paediatricrespiratorysymptomquestionnairesby number of citations

2.5.1 ACQAsthma Control Questionnaire

The ACQ was designed by Junigtesl. to measure asthma control in adults, butwas
validated for use in children in 201%%1951%6The questionna@& can be used on any
child older than 5yearsold, but an interviewer needs to deliver it, if the child is under
10-yearsold. 156 The ACQ comprises of seven items about the preceding week, which
are all scored on a sevegoint Likert scalet®”1%8Three shorter versions of the ACQ
have been created, are proven to be equally as valid as the ori¢fih@he total score

a02NB FTNRY SI OK

Aa

of uncontrolled asthmal®®1%’A changen score of greater than 0-@.5 is judged to

iKS YSIy

Integrated Therapeutics Group
Child Asthma Short Forri#?
ISAAC#4
LASSS3
LCQ184
Leicester Respiratory Cohorts
Questionnaire'®
LRS@*
MeDALL8®
PACCH¥
PACGQoL'®8
PACT8?
PAQLQ®
PCQ®L
PGQOL?
PRQLQ®
TRACR®

clinically significant.66:198.199

2.5.2 Asthma Quiz for Kidz

The Asthma Quiz is used to identify children with poor asthma conifrdt.contains

78

2316
41
489

35

49
22
26
9
38
804
4
34
178
75

91

2893
47
541

47

64
33
25

40
921
15
40
208
76

27

65

2287

43
406

39

48
19
20

34
726

31
163
68

iKS

six items, which are setiompleted by children who are oldéhan Syearsold, or

parentallyO2 YLIX SGSR F2NJ €2dzy ISNJ OKAf RNBy @

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

both French and Englist’
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2.5.3 ATAQAsthma Therapy Assessméptiestionnaire

Adapted from the adult version by Skinredral., the ATAQ identifies potential issues in

I LI GASYyGQa FadKYl Yyl 3 $%8Hdiguestionhaird NR S NJ (i ;
can be completed by the parent of any child older thayersold. 168196204 js

composed of twenty items, splitinto four domaig®2 Yy S 2F KA OK Aa Wk ai
I a02NB 2F xn Ay UGUKAA R2YIFAYy A& aaz2O0Al GSF

likelihood of hospitalisation.%6-202

2.5.4 ATSDLD78-C

The AT®LD78-C is a parentallgompleted questionnaire for children who are under
12-yearsold. It was designed to be similar to the adult version:-RLS78. Despite

0SAYy3 I NBfFiA@Ste 2f{R [[dSadGA2yylIskNBzZ Al 2

factorsg which makes it useful for epidemiological studits.

2.5.5 Best ACH: Best Asthma Control Test for Preschoolers

Satoet al.designed the Best AdH to assess whether piehootaged children in

Japan haveptimisedasthma control, as opposed to just poor control. The

guestionnaire was based on the Japanese Paediatric Asthma Guidelines. Since the Best
ACTP is geared towards etschootaged children, it is a parentalbompleted

questionnaire of six items, which are each answered on agfdiet Likert scalet’®

2.5.6 BPASBrief Paediatric Asthma Screen

Wolf et al.created the BPAS, so as to detect potential asthma diagnoses aitnong
schoolchildren. It is a fivikem parentallycompleted questionnaire, whereby each
item asks about events/symptoms in the preceding yé&A modified version: the
BPAS+, has been developed to help identify children who may have allergic riitis.
The BPAS has also been validated in Spafiish.

2.5.7 Breathmobile Case Identification Survey

Jone=t al.developed the Breathmobile Case Identification Survey, as a tool for

detecting asthma amongst 5 to dkarold schoolchildrent’22°1The questinnaire

has seven parentallgompleted itemssix of these items are measured on a fp@nt

Likert scale; with the remaining item being maddzL) 2 F T A G QuedtionS.aky 2 Q &

Seven different answer patterns have been deemed discriminatory for detecting
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asthma; the survey is therefore 86.5% sensitive and 83.6% specific, when one of these
answer patterns is fulfilled’2 The survey is available in both English and Spatsh.
slightly modified version of the survey has been validateddeniifying children with

uncontrolled asthmaas well as those witmoderateto-severe disease activity®®

2.5.8 GACT: Childhood Asthma Control Test

Any asthmatic child between 4 and-$&arsold can use the @CT; children older than

12-yearsold should use the original ACT The GACT is a seveitem asthma control

questionnaire, with a maximum score of 21inlike the ACT, which is out of 253207

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

remaining three are completed by aparefé2 AG K I a02NB 2F XmdpI OKAf
RSSYSR (2 KI @S WdzyO2y iNRBftfSR FHalKYIFIQZ |yR gA
coy & A RS NB Renz/ ORIYANR®R® 2R | GKIIKYWI PRy a02NB 2F X
clinically significan Due to its widespread use, theALT is not only available in

Englishg but Spanish, Portuguese, Turkish and Chinese?t86'?

2.5.9 CAN AsthmaControl in Children

CAN is a Spanish test for asthma control in children aged 2-yedr$old. There are

nineitems, which are each assessed on a-fieint Likert scaleThe questionnaire can

be parentallycompleted for all children, yethildren aged® to 14yearsold can

seltO2 YL SGS GKS AdG G220 ' G204t /' b a02NB 27
for poor asthma control. The questionnaisgproven to be sensitive to change over

time as well174

2.5.10 CAQChildhood Asthma Questinaire

The CAQneasureQolanddisease severity in childhood asthm& There are three
versions of the questionnaire: the CAQs aimed at 4 to-yearolds; the CAEB is
aimed at 8 to 1dyearolds; and the CA@ is aimed at 12 to igearolds.?'3Each
version encouragethe child toselfcomplete as much of the questionnaire as
possible, but the CAB/CAGB still require some parental input. All three CAQe
Likert scales: the CA®hasfour-point scalesand the CAEB/CAQChavefive-point
scales. The questionnaires get longas children get older, becauseore areas of QoL

start to be assessed’®
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2.5.11 CFQCystic Fibrosis Questionnaire

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

2 @S Nyeaqsoll (CFQ 14+), and two for those agei3B(CFQ Childy*C2 NJ 4§ KS W/ C
/| KA RQ>X 2y S 2 Ligpbre¢anddneiwas deidBrigdi(thdughan

interviewer was required to administer it to children underydarsold).76-24When

0KS 1jdzZSadA2yyl ANBa 6SNBE NI yatlidSR Ayidz2 9
found to be valid in 6 and-Yearolds too.?'#215All three questionnaires havbeen

adapted into agei LIS O A FwAQCEVhi¢h af@ the most widelyused instruments for

assessing QoL in CF patieAt8 A 16point worsening in CF& score has been shown

to be indicative of a CF exacerbation in{s@hootaged children?!’¢ K SFQWQ K I a

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

Turkish and Portugues#’8.216.218220

2512 CHSAt KAf RNBy Qa | St K {dzNBSe F2NJ ! adKYl
¢CKS /KAt RNByQa | SIf K { dzNDBrericareAsderhynfi KY I & |
PediatricQin order to measure QoL in asthmatic children. It is aimed at children aged

5 to 12years-old. A fivepoint Likert scale is employed acrdesty-eightitems; these
forty-eightitems are classified into one of five domains, and arba@nswered by a

parent.’” Another versionexists as well, which can be completed by the child

themselves?21

2.5.13 Easy Breathing Survey

The aim of the Easy Breathing Survey is to assist primary care physicians in diagnosing
paediatric asthma. Theraatwenty-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 respoi$e.

2.5.14 EISKWQ: Estudio Internacional de Sibilanciadaentantes Writte
Questionnaire

The originapurpose of the EISWQ was to study the prevalence of recurrent

wheezing amongst infants (gfarold) in Latin America and parts of Europ&More

recently, a shortened version has been validaft@duse in12 to 3émonth-olds which

can assess thekklihood of said children being asthmatic. The questionnigsedf is
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parentallycompleted, and consists @brty-five items about the: prevalence, nature

and risk factors of wheezinghe EISMWQ is available in Spanish and Portugué%e.

2.5.15 FunctionalSeverity of Asthma Scale

TheFunctional Severity of Asthma Scaleasures the severity of asthma in
schoolchildren, over the preceding ye# Ofits sixitems, five of them are answered
on a fivepoint Likert scale, whilst the remaining item is agiet/es/naanswer 223
The questionnaire is delivered by an interviewd? The marks from each item are
summated to achieve a total score out of. Zepending on their score, children are

allocated an asthma severity:dbw, mild, moderate or high80.223

2.5.16 HAY How Are You?

HAY is a Dutch respiratory symptom questionndinat is used t@assesshe QolLof
asthmatic childrenlt can be administered to children aged 8 to-yi€arsold ¢ with

both seltreported and parentallyeported versioms avalable. Four-point Likert scales

and Yes/ndCyuestionsare used taanswerthirty-two generic items about QoL, and

forty asthmaspecific items about QoL. HAY is responsive to changes in asthma status,
and is also capable of differentiating between symptomatic andsymptomatic

patients.18!

2.5.17 Integrated Therapeutics Group Child Asthma Short Form

In 1999 McGrathet al. constructed a longorm QoL questionnaire for asthmatic
children, by combining a previousdxisting asthma questionnaire and the Child Health
QuestionnaireParent Form (CH®F50)In 2000, sshort-form adaptation, which

would be more suitable for use itiical practicewas created by taking eigitems

from amodified version of theasthma questionnairet*>182.224Theseeightitems are
distributed into three domains, and are each assessed on gt Likert scaleThe
Yhtegrated Therapeutics Gup Child Asthma Short Fofimas been proven to identify

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

2.5.18 ISAACInternational Study of Asthma and Allergies in Childhood Questionnaire
The ISAAC questionnaire is an epidemiologama] which was designed to measure
the worldwide prevalence of atopic diseasé&¥.It is the most widely used respiratory

symptom questionnaire worldwide with over one million children, from nearly one

26



hundred different countries, having been sureeywith it.143225The ISAAC

guestionnaire is therefore available numerous languages; it is also available in a video
and telephone format!43226|SAAC is frequently used in cohort studi€&Two

versions of the questionnaire exist: one pareitadompleted twentyone-item
guestionnaire for children aged 6 teygarsold, and one selcompleted twentyitem

questionnaire for 13 to 14earolds.44227

2.5.19 LASS.ara Asthma Symptom Scale

The LASS meassasthma controemongstchildren in norEnglishspeaking
populationslt containseight parentallycompleted itemswhichassess the frequency
of asthma symptoms on a fiyeoint Likert scale'®3The score from each item is
summated toproducea total scoreput no cutoff hasyet been established for
differentiating between poor and adequate asthma contfé$.The questionnaire was
originally validated in English and Spanish,imgnow beentranslated into additional

languages (e.g. Chines&?22°

2.5.20 L@@ Leicester Cough Questionnaire

The LCQ was originally designed to measure the QoL of adults with a chronic*€bugh.
However, it is also able to measure the QoL of 7 teyd&-old (Spanish) children with
CF20There are nineteen setfompleted iemsc each categorised into one of three
domains (social, physical or psychological). Every item is assessed on-paaten
Likert scale'®* The total score, which is responsive to changes over time, is obtained

by calculating the mean domain scot&.23°

2.5.21 Leicester Respiratory Cohorts Questionnaire

In 1990, Luyet al. created a questionnaire to measure the prevalence and natural
history of respiratory symptoms in pigchootaged children, as part of the Leicester
Respiratory Cohort Stud$??® Silverman and Kuehni modified the original
guestionnaire by adding questions from the ISAAC questionnaire, whenever they
expanded the cohort study in 1998°232The modified questionnaire has since been
validated for assessing the prevalence dfpieatory symptoms in 1 to-gearold

children.?®? It has been validated in Portuguese té&
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2.5.22 MeDALLMechanisms of the Development of Aller@uestionnaire

The MeDALL questionnaipeovides a standardised tool that can be usbyg multiple

birth cohorts when studying atopic diseaseBhis allowslata from various studies can

be accumulated togetheg thus creating larger sample sizes, increasing statistical

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

O2y il Aya | aSi 2F WO2NBQSY¥SYURNEDONBRALMAAESYRE
to6S AyOfdzRSR G I NBaSHNOKSNNa RAAONBGAZ2Yy ® L
and risk factor exposurdhere isonly a parentallycompleted formfor children aged 4

to 9-yearsold, butthere are selfcompletedand parentall-completed formdor 14 to

18-yearold children Since it was originally designed for use across Europe, the

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

Spanish, Swedish, German and Gré&k.

2.5.23 PACCIPaediatrc Asthma Control and Communication Instrument

The PACGissesses bothsthma contrgl andasthmaspecific Qolin children 187:234|t

containstwelveA 1 SY&a> 6KAOK | NB yagSNBR o6& | LI NByd
the greatest sensitivity to detectg uncontrolled asthma in childre#’ The

guestionnaire waslesigned tdbetter-represent ethnic minority groups the United

States, so is validated 8panish andnglish187-234A modified version of the

questionnaire (PACED)is used tchelpeY SNH Sy O&8 LK@ aAOAl ya aaSaa

control accuratelyin a timesensitive environmen£3®

2.5.24 PAGQoL Parentt NR E& / KA f R NXSyedific QualihydafiLe / 2 dz3 K
Questionnaire

AndersonJameset al. developed the PAQoL, so as to measure theQof children

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

sevenpoint Likert scale by a parent. The questionnaire is sensitive to changes over

time, but its use may be limited to younger childré#.

2.5.25 PACTPaediatric Asthma Control Tool

The PACT is a tetem, parentallycompleted questionnaire, which is used to monitor
asthma control in schoolchildret£%2°1Five items concern the frequency/severity of
asthma exacerbations in the preceding three montine other five items concern
symptoms inbetween exacerbations. All ten items are scored on gsirt Likert
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scale 1% A smallerscale version of the PACTACT) has been designed to aid

emergency physicians in identifying children with persiststhma.?3¢

2.5.26 PAQLQPaediatric Asthma Quality of Life Questionnaire

The PAQLQ measures QoL in 7 teyddrold asthmatic childrent®®On a sevespoint

Likert scale, the twentyhree selfcompleted items assess: symptoms, emotional
function and limitition of activity.1%° The final score is the mean score from all
twenty-three items, and is responsive to changes over titfe?3"238The PAQLQ has
been validated in: Portuguese, Dutch, Swedish, Italian, Arabic and SpahféhA
thiteen-itSY WYAYA t!lv[vQ K¥84 SSy @I fARIGSR

2.5.27 PCQPaediatric Cough Questionnaire

Paulet al. created the PCQ to assess the QoL of children with a chronic cough. The
original questionnaire contained five items, each answered on a spuin Likert

scale; however, the validated questionnaire actually use$sirt scales instead?!24°

The PCQ has been proven to show clinically significant changes in score ovéttime.

2.5.28 PCGQOL Parent Cougispecific Quality of Life Questionnaire

The PEOL s a parentallycompleted questionnaire, for measuring the QoL of children
with chronic coughdt was created due to the absence of such a questionnaire for the
paediatric population, as well as the unsuitability of diseggecific questionnaires??

The PGQOL contains twentgeven items!9?

2.5.29 PRQLQPaediatricRhinoconjunctivitiQuality of Life Questionnaire

Juniperet al.developed thePRQLQ@o measureQolLin 6 to 12yearold children with

hay fever. There areventy-three items in the PRQLQdistributed across five

domainsg which are all answered on a sevpnint Likert scale. The items concern
symptoms over the prior week. Questions areswered by thechild, but delivered by

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

disease status over timé?3

2.5.30 TRACKTest for Respiratory and Asthma Control in Kids
TRACK is an asthma control questionnaire, targeted asgreol-aged children. It has

five items, each scored on a fipeint Likert scale, to give a total score out of 150A

G2 :

d02NBE 2F fryn AYRAOFGSE LR2N FadKYlF O2y (NPt
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be clinically significant®®>*6TRACK hdseen validated in multiple foreign languages,

including: Portuguese, Korean, Chinese, Turkish and Spatish.

2.6 Respiratory Health in Liverpool

Liverpool, Merseyside is a city in the North West of England, with a population of
almost halfa-million people.?>? The city is burdened by major health inequalities,

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

have an average life expectanafy78.2-yearsold. This i2.2 years shortethan the
Merseysideaverage, an@®.2 years shodr thanthe English averagé?® 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 Igitatongside
cancer and caliovascular disease, one of the main reasons behind the widening

discrepancy in life expectancy has proven to be respiratory disé&se.

Respiratory disease hémgbeen a majocause of mortalityn Liverpoolln the late

nineteenth century} LILINRE EA Y G Sf & M2 whukl diStehiespita®y NB & A RSy

disease; cementing it ashe cityQ & f Saude aldéah, which isemainedsountil

at least 1940%°¢ Respiratory disease is now the thiehding cause of premature

death (i.e. undei75-yearsold) in Liverpool, and such deaths are projected to increase

in the coming years?®> From2016 to 201866 of every 100,000 people in the city died

from respiratory diseasanearly twice the national averagé3% of these deaths were
considered preventablg>’{ Y21 Ay 3 I OO02dzy i SR FT2NJ uw: 27
deaths in 201&, vastlymore than the English or North Western averagég>%260

Giventhe wellestablishedassociation between smoking artironic obstructive

pulmonary diseaseJOPDIung cancer Liverpooltherefore placesamongst the ten

worst local authorities in England for CORIIated deaths, and amongst the five worst

for lung cancerelated deaths?258:260

Irregardless of mortality @spiratory diseaswill always place durdenonLJ- G A Sy (i &4 Q
Qol, as well as local resources. Liverpoars ofthe ten worst local authorities in

England for COPD prevalen@é&b ofpeopleover40-years-old were diagnosed with the
condition in 201825728 Theprevalenceonly seems to be increasingndso, the

number of disabilityadjusted life yearin the city areincreasing with it%6:255.257.259
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[ A @S Nlstignth prévalente is lower than expectdibspite a surge in asthma cases

during the nineties, whiclvasl 8 82 OAF 1 SR A GK FdzSf,justd 2 O LI €
5.8% of residents had a diagnosis in 2¢¥9%%°Emergency hospital admissions for
asthmaremain higher in Liverpool than Englanchowever.®¢-25"The number of
respiratoryrelated emergency hospital admissiansLiverpoohas been steadily

increasing over the last haéédecade approximately onghird of admissions are for

pneumonia, and ondifth are for COP¥®2>’'The burde of respiratory disease isow

so severen Liverpoolthat compared tothe national average.iverpoolClinical

Commissioning Grougpent £16 more on respiratory care peapitain 2015/16.%6

hyS 2F GKS € SIFRAyYy3 O2y i Mibrg otk iddmoking. In[ A @S N1
2019, 41% of the population were reported to be egenokersHowever, the past

decade has seen an increase in smoking cessatioeaning that theprevalence of
currentsmolersis no longer significaht different to England's?8 Hospital admissions
attributable to smoking and the proportion of women smoking during pregnayene

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

smoking at the point of their booking appointmethis statistc fell to 13% by the time

of delivery.?%8 Additionally,COPD and asthma patients in the city are known to be 2.8

and 1.6 times more likely to smoke respectivelympared toresidents without either

condition. %8

Another factor that contributes to t& poor respiratory health of Liverpool is air
pollution. On averagethere was 9.6ug/rmof fine particulate matter in the air across
the cityin 2010 Althoughthis fell to 8.1ug/niin 2017 which idower than the
national average, some areasla¥erpool still breach the @fld Health Organisatiof2 &
fine particulate matter targebf 10ug/n?. 43158.26350me of this pollutionvill originate
from the docksof North LiverpoolCanada Dock has been repurposed for recycling
scrap metak; a processhat produces a toxic amount of heavy metal fumesich can
be carcinogenic when inhaletf? Tonnes of coal and petroleum coke used to be
stockpiledin the docksof North Liverpootoo, anddust from these stores may still
pollute air in the surroundingrea.?®? Some partof Liverpoolalso exceed the
I32PSNYYSyYy G Qa G N&SSi40FgaANI POIRiIONRAMfiReS b h

particulate matter and N&is known toincrease the risk of childhood asthma, RTIs,
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asthma exacerbations, COPD exacerbatams$ bronchopulmonary dysplasia 2011
said pollutioncontributed to over 300 deaths withibniverpoolg many of which will

have had a respiratory basfs.

Deprivationalsohasan effecton respiratory health in Liverpool. Until 201Gyerpool

was the most deprived local authority in England; it now ranks third beBiadkpool
andKnowsley?°48% of residents inhabit an area within the lowestex of multiple

deprivation (MD) decilec with most of these areas being northern subs of the city.

96.265|t js therefore not surprisingl K G [ A @SN1J]22f Q4 2y 3I2Ay 3 LINRO
affects northern areas of the city the masespecially since this is where the majority

of dock work is now conducte@254There is also atark contrast in smoking

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

Given that thefive-year lung cancer risk highest in thenostdeprived

neighbourhoodsany underlying associations with air pollution and smglare

unlikely to be wholly coincidentad®

2.6.1 Paediatric Respiratory Health in Liverpool

Nearly 100,00Qiverpool residentare under 18yearsold, with roughly onethird of

these beingunder 5yearsold. 252 Much like the general population, 57% difildrenin

the city live within thdowestIMD decile this is likely to explain why the child poverty
rate (26%) was 10% higher than the national average in.Z0%%°Amongst the
under-1-yearolds, emergency hospital admissions for bronchiolitissagaificantly

more common in Liverpool, than they are nationwide. For a lower RTI, the number of
such admissions amongst psehootaged children hamcreased more than fouiold

since 2015Emergency hospital admissiofts asthma are alssignificantlyhigher

than the national average; seven additional children can be admitted per day, when air
pollution isparticularly bad#325325"Unsurprisingly, children who live within 2km of

[ AGSNLIR 2f Qa R2014& Y2NB TNBI dzSpirdtdryd SELISNA Sy OS
symptoms and asthmg%2267

2.6.2 Liverpooland 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 shorterd¥pectancy than

other English childreg 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 rislofadbr
respiratory disease. Children in Liverpool are also more likely to be admitted to

hospital with asthma/lower RTIs.

2.7 Previous Birth Cohort Studies

¢KS [..{ Aa y2@Stz Ay GKIG AG Aa GKS !YQa
However,ith & y 20 GKS FTANBRG OANIK O2K2NI aildzRe
cohort study: ThéNational Survey of Health and Developm@dJ&HD), has been

running since 19465 The NSHD is a national study, unlike the LBBS, which operates

at a regonal 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 studgeso 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 Child@insSPAC)

{2YSiAYSa (y2s6y |a W KAfRNBY 2F GKS odnaq:s
study in the UK282701t was initiaf & RS @St 2 LJSR [Edropgay' S LJ NI 2 F
Longitudinal Study of Pregnancy and Childi@atl | &aSNAS&E 2F 0ANIK O
throughout Europe, which were endorsed by W&rld Health Organisation?’2 The

aim of ALSPAC was to identify the factors thatnmffuenced foetal/child health?”°

Recruitment for ALSPAC took place between April 1991 and December®3dp.
pregnant women living (and giving birth) in one of the three health districts of Avon
were eligible for recruitment?’t 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 opteaut, an initial questionnaire would be sent to all interested
(and eligible) womer?’t The study wasdavertised: in the press, at healthcare services,
on radio/television, in nurseries and in public spadésThis method of recruitment
lead to 72% of eligible pregnancies being recruité¥?’*Further attempts were made
to recruit eligible familieswho had initially been missed, after the age efeéarsold.

Through this process, 75% of eligible pregnancies and 76% of eligible live births were
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eventually recruited?’* Recruitment was disproportionately high amongst Caucasian
and wealthy populatins¢ despite Avon being demographically representative of

Britain in many wayg/%:273

Data collection for ALSPAC began during pregnancy, and ran throughout childhood. In
the antenatal period, women provided details about their pregnancy and social
badground.?’% After giving birth, mothers were then required to complete a series of
25 questionnaires about the® K A f R 0 NBgritiQe agé Sf1FR HiTKey

completed questionnaires about their own health simultaneou§BThe 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 assessmentBat@was also

collected from teacher questionnaires and clinical recoffs?’?

After running for five years, around 80% of ALSPAC participants were still returning
questionnaires?’4 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 igek&s-old). %"

Families were kept engaged with the study through various means (newsletters, social
YSRAIZ 0ANIKRF& OFNRaz {ARaQ OGA@AGE LI O1a
the low attrition rate.?’1?"?Reminder letters were sent too,lvenever 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 completféh.

2.7.2 The Manchester Asthma and Allergy Study (MAAS)

MAAS was a respiratogentric 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 invegate whether strict environmental conditions could

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

The study recruited expectant parents, from October 1995 to June 1997, whilst they
FGG0SYRSR GKSAN YWot@lp eeld oflgestiaidrih Atther Sy G Q |
appointment, parents were given skprick tests and a questionnaire to complete
(regardless of their actual enrolment onto the studd/f.Recruitment occurred at

Stepping Hill Hospital and Wythenshawe Hospital, bot8auth Manchester’®

Ultimately, 63% of eligible pregnancies were enrolled onto the stt/dy.
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2yS FTOG2LIAO LINBYy(izZ YR (GK2aS AYSTh&S wWiz2g o
children were followeelp at the ages of: 1, 3, 5, 8 and d &s well as at some point

between 13 and 1§earsold. 2’ Most follow-ups were condued at a clinic, where a

collection of prevalidated questionnaires would be completed. The questionnaires

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

biological samples to be taken and respiratory function téstse performed too?7®

Excluding the children who were withdrawn from MAAS before they were even born,
there was a 92% followp rate at 3yearsold. 2’ At 5-yearsold, 89% were able to be

reviewed.2’”

273 ¢dz0&a2y |/ KAf RNBY@G@RSWSaALIA NI G2NB { GdzR&
Back in the eighties, TCRS was one of the first respirfdonsed 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 airwagedis in later life?’®

Between May 1980 and January 1984, children were recruited from the largest health
maintenance organisation (HMO) in Tucs®fSoon after giving birth, paediatricians

would approach new mothers to briefly explain the studyy amerested mothers

would then be visited by a research nus@ho could explain the study further and

gain consent. Research nurses operated six days a Wé&ll healthy babies, who

were cared for by the HMO, were eligible to participate. Usirggéhcriteria, 78% of

eligible infants were enrolled onto TCR85 S& LA GS GKS | ahQa LI GASy
representative of the wider Tucson area, infants in the study were more likely to have:
married parents, a family history of atopy, a Caucasian ethracitiyolder, more

educated parents?’8

Since the iteration of the study in 1980, questionnaires about respiratory health have

0SSy RAAGNAOGdzISR G AAEGSSYy GAYSLRAyiGa X |
timepoints, the opportunity has been taken to: fferm lung function tests, collect

sputum samples, perform skijorick tests, and collect blood samples (for

immunological testing’® Siblings and parents are subject to similar tests tébkor
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the first three years of TCRS, children were alsoireduo 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 swalfge°Additionally, a

sample of families were contacted about unreported lower RTI symptoms during the

Winter season?’8

At the beginning of the study, it was estimated that28% of participants would be
lost to attrition in the first five years/8 Only 13% droppedut in the first five years,
and just 22% had droppeout after twenty-two years; most attrition was seen within
the first year of study?’8280The average attrition rate was therefore 1.3% per yé#r.
The longterm involvenent of many research nurses in the study, helped to establish

positive relationships with the familiespotentially reducing attrition rates?2°

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.?8! Bradford was considered the optimal location for the study, due to its

multiculturalism and high child morbidity/mortality rate¥’*

Recruitment for BiB occurred from March 2007, to November 2010. Any woman who

planned to give birth at Bradford Royal Infirmary was eligible to particig&té'Most

women were recruitednto BiB, whilst undergoing thearal glucose tolerance test at

26-28 weekf gestationg though many were introduced to the study by a midwife at

0KSANI Wo 22\ A3FaA7% of dhdthers/ier¥ @aofuite@ @t an alternative stage

of pregnancy?®! 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?7410,000 infants were wanted for the study, and even though just 54% of

eligible births were recruited, this target was still achiev&#28The recruited cohort

was largely representative of Bradford, yet contained: older mothers, fewer premature
AYFlLydaz YR Y2NB {2dziK ! AAty Y20KSNE® ! RRAG
demographic makelzLJs (G KS O2K2NI g1 ayQi ywEBHSaal NAf & NB
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cohort, its study materials (e.g. information leaflets and questionnaires) needed to be
adapted into Urdu and Mirpuri, as well as Engl$hAll women completd a

guestionnaire upon recruitment, which was partly delivered by interview, and

comprised of various prealidated questionnaires; fathers completed a questionnaire

as well, but were not interviewed’*Women provided a blood sample, a urine sample
andanthropomorphic measurements too, whilst fathers/infants just provided a saliva
sample/anthropomorphic measurements respectivéff5 dzNA y3 . A . Qa LIAf 2
there was a response rate of just 30% to foHop/postal questionnaires, so the

majority offollow-up was achieved by accessing linked health rec@fd$here were

two sub-groups within the cohort who were more intensely followad; the children

in one of these groups (BiB1000) were required to be followpdvith a questionnaire

and anthrommorphic measurements at: 6, 12, 18, 24 and 36 mortig®?

O
NS

LG 61 & FYOGAOALI G§SR GKI G -6unvthintrefirstiv S . A .
€SI NAE 27T (KSZmordertd Qidimidednyitio, samilpliaisonofficer
wasemployedto 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 facilitiég.Although the attrition rate from BiB has

not beenreported, the response rate at each of the BiB1000 timepoints &%,

75%, 74%, 70% and 70% respectively. 2 y 3a 4 OKAf RNBY AYy . A. wmnan

was identified as the main cause of attritioff?

2.7.5 Children Growing Up In Liverpoot@GLJL)

Although it has only recently been established; GLL is another regional birth cohort
study based in Liverpool. It will aim to recruit 10,000 infants from LWH overyears
period. It will collect data about various areas of paediatric health, floenaintenatal
period through to the preschool period; sometimes using clinical and educational

records to do so?83
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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 deptf4285The remander 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 outlinedTiable 4

Phase Time Period Personnel

Bethan Griffith
Professor Paul McNamara
Rosanna Pickles
Professor Ben Shaw
Professor Calum Semple
Professor Kevin Southern

Protocol Deelopment,
Ethical Approval and May 2012
Sponsorship Procuremen

September 201z

. : BethanGriffith
Questionnaire N Rosanna Pickles
Development January 2013

June 2015 Sanjay Patel
Jennifer Barclay
meeruiant January 2013 Bethan Griffth
S Sanjay Patel
October 2014 .
Rosanna Pickles
: : September 2013
Questionnaire :
Distribution C Jennifer Barclay
August 2015

September 201¢

C Joshua Stead
: June 2017
Analysis

September 202(

C Conor Naylor
Juy 2021

Table4: timeline of personnel involvement in the LBBS
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3.1 Study Protocol

The study protocolAppendix ) 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 EthicalApproval

Ethical approval for the LBBS, including its associated materials and online gonsent
was granted by the East Midlands (Nottingham 1) Research Ethics Committee (REC) on
the 8" May 2012. The REC reference number was: 12/EM/0194.

3.2.1 BatchTesting

In order to achieve ethical approval, the LBBS was required to employ a technique that

would perbdically 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
dddzRéd® ¢KS L¢ 5SLINLGYSYydG Fd 't RSNII Se [/ KAfT
studyparticipants on anonthly basis; the department would crosheck this list with

0KS K2alLh dl f Qatheteby idéndfyng aniR dedénthpdeceaSed children.

Alder Hey keep their database #p-date by receiving death notifications from a

national data base, which is informed by reports from general practices, hospices and

LIt € AFGAGBS OF NB (S| YaT Natigralelealth &ivige (NHB)Y LI NB 7
Personal Demographics Serfice N 3dzf NI @ ® 2 KSNB | RSIFGK g1
family was removed from the list of active participants, so they would no longer be

O2y il OGSRd ¢2 SyljdzZANBE | 062dzi GKSANI RSOSI &Stk
undue distress.

3.2.2 Consent

The Declaration of Helsinki demands that consent be given byatengs of any child

involved in the LBB&* For those receiving online questionnaires, the consent form

was incorporated into the initial questionnaire atdonthsold. Consent was finalised

by parents selecting a tidkox to show their interest in thetudy, then entering their

initials into a text field. A papdrased consent form was posted to parents who

wished to receive their questionnaires via post. The consent form can be found in

Appendix3.
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3.3 Sponsorship

The LBBSwas€lLl2ya2NBR o0& (GKS ! YAOSNBRAGE 2F [ ADSNL
Hospital. The University of Liverpool acted as the lead sponsor. They were required, to

LINE OARS AyadAddziAzylf 20SNEAZFKG 2F (GKS addzre

3.4 Developmenbf the Questionnaires

2 KSy GKS [..{ 6Fa 0O2yOSLJidzZ ft AaSRE AlG ¢l a&a Ayl
online birth cohort studyPrevious regional birth cohort studies have collected data
with: postal questionnaires, iperson assessmésy and interviews?’2276.278.2/gjB

relied almost exclusively on clinical and educational records to falipvts

participants; ALSPAC used such records too, and so-@UILEL?7%281.2835ome data
suggests that online questionnaires can achisveilar response rates to postal
guestionnaires, whilst being cheaper and environmenthigndlier. Online data

should also be of higher quality, as participants are forced to complete all necessary
questions before submitting their responsé® 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

guestionnaires towards prospectivagents. It was theorised that by creating the

WARSItQ [[dzSadA2yyYylIANBS LI NByda g2dd R 6S AyOf
the[ . . { 2FFSNBR®D® wn @2fdzyiSSNE>X ¢K2 YSi It 2
(Table 3, were recruited from LWH.hey were shown a range of prototype

guestionnaires, 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 questionnairdsmsed on their accessibility to

internet-compatible devicesTable 5summariseshe results of the PPI sessiori&}28>

Design Aspect| Variations Preferability
Laptop/Computer 65% (n = 13)
0 =
T Smartphone 25% (n =5)
Tablet 10% (n = 2)
Postal 0% (n=0)
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Neutral 35% (n=7)
Neutral, with Coloured Text 30% (n =6)
Use of Colour | Light Use of Background Colour 25% (n = 5)
Heavy Use of Background Colour 5% (n=1)
No Preference 5% (n=1)

Medium¢ Arial, size 16 75% (n = 15)
Font Size Smallc Arial, size 12 15% (n = 3)
Largeg Arial, size 20 10% (n = 2)

Medium ¢ similar questions grouped together or 65% (n = 13)

one page
Ques_tion Low¢ one question per page 15% (n = 3)
Density
Highg every question orone page 15% (n = 3)
No Preference 5% (n=1)
Cartoon Children (in the Footer) 65% (n = 13)
None 20% (n=4)
Use of —
: Pencils (in the Footer) 10% (n = 2)
Graphics
Forest (as a Background) 5% (n=1)
No Preference 5% (n=1)

Table5: questionnaire preferabilities from the PPl sessions

Based on the PPI sessions, it was decided to conduct online questionnaires; they were

more appealing to contemporary participants, than postal questionnaires. The

guestionnaires wuld 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

j dzZSAGA2YYIFANBQa F220SN) g2dzf R LINRBGDARS |y Sf
need to include a adequate explanation of the study at the beginning of any

guestionnaire, as well as an estimate of the time requirement. They preferred brevity,

as well as closed questior§#28>

3.4.2 Format

The PPI sessions proved that parents were interested in ogliestionnaires, so a
suitable platform was needed to construct said questionnaires. Following-aeptin
analysis of four platforms, which can be found elsewhéaobe FormsCentral®

(AFC®) was deemed to be the best optidh?®5The other three platirms 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 grapts to be inserted

KFrR GKS FoAftAdGe (2 AYyO2NLIRNIGS WalALI £23A0!
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 technologial support via both email and phone

O2dzf R NBLIX AOFGS GKS WARSIfQ RSaA3alys Fa ARS)

=4 =/ =A A4 4 4 A -4 -2

To ensure that AFC® was the right platform, further PPI sessions were conducted to

compare it with SSN®. 16 volunteers were recruited from LWH, usirggthe

inclusion/exclusion criteria as before. They completed prototype guestionnaires in

both AFC® and SSN®, then indicated their preferred platform. AFC® was preferred by

CHOp: @2f dzy i SSNBE X I a 2842%¢ kS LILISA INBRP YRNBA yORyd2R
f23A0Q YIRS (KS ljdzSadAz2yylrANBE aFSSt aK2NISNE
automatically omitted284.285

In July 2015, two years after questionnaire distribution had commenced, AFC® was
WNBUOANBRQ gAGK fAGGES I NYyAYyIDd Iy FEGSNYIGAQ
participants to complete their questionnaires. JotForm® was chosen to continue the

data colletion, as it was a neadentical service to AFC®. It also cost significantly less,

and when hosted on a European server, was compliant with the General Data

Protection Regulation (GDPR The questionnaires had to be reconstructed in

JotForm®, and thelinked to the automated emailingystem (see Sectidh7). 2%

3.4.3 Content

In every questionnaire, there were ten questions that enquired about risk factors and
healthcare service usage. Every questionnaire included theeBBLRSQ. At the end of
every questionnaire, parents could provide feedback about the study/questionnaire

andoptAy (2 (KS &adGdzReQa ySgaf Sppen®M) G220 ¢KS TFAI
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contained oneoff questions regarding: personal details, demographic information and
socioeconmic information Table6 providesan overview of the topics covered in each

j dzZSAaGA2YYIFANB® . SOFdzAS 2F WalALl £t 23A0Q3 Al
unnecessary follovap questions. As the study progressed, children were referred to
differently inS 1 OK 1j dzS&a G A2y Yy ANBY daeé2dzNJ ySg o 08¢
(in questionnairesd 0 X @ 2dzNJ 12 RRf SiNE 0K d @ESdENIA QK AT |
questionnaires 710).

Questionnaire One Only All Questionnaires

Antenatal Smoking Status Hospital Attendances

ETS Exposure in Pregnancy LRSQ

Breastfeeding Status Study Newsletter Opin

T .16&Q&a bl YS f  Family History of Atopy

.loedqa {SE 1 ETS Exposure
. oeQa 52. 1 Nursery Attendance
B-oedQa 90GKYyAOAGe& 9§ OtherHousehold Children
Gestational Age at Birth 1 Bedroom Sharing
Multiple Birth 1 CoMorbidities
.Fo&Qa . ANIKgSAIT GPAttendances

l

l

)l

)l

Maternal Education Study Feedback
t F NByGdaQ bl YSa
Maternal Age

Address (inc. Postcode)

= =2 A4 A4 A4 A A4 -5 -5 -5 -5 -5 -2 -

Email Address

9 Phone Number

Table6: content ofguestionnaires 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. PostcardAppendix5) allowed parents to provide their contact
details to a recruiter (se8ection3.6). Posters Appendix6) werealso created for

display in the patient areas of LWH; the purpose of the posters was to advaniise

recruit. The postcards and the posters cainied a quick response (QR) code, which
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Fff26SR AYGSNBAGSR LI NByGa G2 22Ay (KS &adGdzRe
The same theme was used for the questionnaires and the study materials, to create a
recognisable brand for the study. Almat# | £ & NBEFSNNBR (2 (GKS addzre
o6& . NBIFIOKAY3 {GdzRe Q> a GKAa ¢l a Of S NBNJ
WSALIANI G2NE . ANIGK / 2K2NI {dGdzReQod

Feedback was opportunistically sought about the additional study materials, whilst

conduch y3 ttL &aSaairzya | 02 dsée Sedkids.4p).desaivéofh 2 Yy I A NB ¢
the volunteers provided such feedback. Overall, there was a positive opinion of the

materials. Appreciation was directed towards the consistent theme of the posters,

postcardsand questionnaires. Twthirds of volunteers knew what QR codes were,

and how to use theng yet none indicated that they would choose to join the study via

a QR code?84285

3.6 Recruitment

Infants were recruited into the LBBS between January 2013 andnNmere2014.
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 articipate in the LBBS, infants had to meet certain inclusion/exclusion
criteriaTable J.! v at KAt &addzRSyd | G0Sy R&ywaferk Qa Ll2adily
(Mondays, Tuesdays, Thursdays and Fridays), where they would receive a patient list
eachday.Usin KA &4 fAad0Y GK2aS ¢gK2 FLFLAE{SR G2 YSS4 O
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.
born at LWH born outside of LWH
lived within the L1L38 postcode area | livedoutside the L1.38 postcode area
parents spoke English well parents could not speak English
expected to live had a poor prognosis &iirth
continued living with parents placed into local authority care

Table7: inclusion/exclusion criteria
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Every endeavour was made to recruit eligible infants, by personally attending the

postnatal wards. Following an explanat®rif G KS &addzReé> | ySg062NyQ
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 infantstbe 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 paremtsreturn their details via a webased form.

Contact details collected from the postcards were manually inputted into a secure

database; details from the webased form were automatically entered. Following

NEONXzA G YSY G = 'y Ay T Imyiliod@icomt theB yoiha LBBSaE a Sy i

to thank them for their interest/participation.

3.6.1 Pilot Recruitment Study

In January and February 2013, a fewgek 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 LBB%28°A different recruitment stategy

was tested in each of the four wke Table §. 284285Parents were approached on the

postnatal wards of LWH, as described in Section 1.6. Any infant less-thantsold,

who attended the CF clinic for the first time during the trial period, could be invited

Ayit2 GKS addzReée o0& GKS Ot AyA0Qa OzyadzZ G4ty

Recruitment

Week Strategy Days Times Rate
9:30

5 Full Days Monday¢ Friday C 58%
16:30
9:30

2 6 Mornings Monday¢ Saturday q 65%
12:00
: 9:30

4 Full (Alternate) Monday, Wednesday, Friday 61%
Days Sunday 16-30
9:30

4 7 Full Days Monday¢ Sunday q 78%
16:30

Table8: 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

SI OK ¢SS QtyateNdie@iNHzAfaNETEDble §, the alternative option of

recruiting on four full weekdays per week was touted. An additigilat studyfor 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 appropriafé4285¢ KS WF2dzNJ Fdzf f 6SS]RIF&a LJ

recruitment strategy was used henceforth.

3.7 Questionnaire Distribution

The fird questionnaires were distributed in May 20&3our months after the first

infants were recruited. Parents received subsequent questionnaires every six months;
by the time their child reached S®&onths-old, all ten should have been administered.
The lasiguestionnaires were sent in October 2019. Most were distributed through an
automated emailing system, but some were sent through the post. By the second
guestionnaire (atL0-months-old), distribution was solely via email because the postal

guestionnaires hd an inadequate response rate.

MailChimp® was chosen to distribute the online questionnaires, following a thorough
investigation of the potential distribution option£4285MailChimp® was decided
upon, due to the fact that it offers:
1 the ability tosend automated emails, according to date of birth (DqB)eaning
that the correct questionnaire would be sent at the right time
1 the option for participants to remove themselves from the mailingdisteaning
that they had the opportunity to withdraw
1 the ability to include personalised text fieldsmeaning that emails could
AYO2NLIZNI 0SS LINByGaQ yrySaz OKAf RNByQa ylI Y!
numbers for an intepersonal touch
1 asecure server on which to hold the mailing ¢gisheaning that participat data
would be safe
T 0KS | oAf

oAt AGE (2 LISNAEZY!I tcmaalingdhaticontngity 6 A G K K S
Oy 6S ON

FGSR I ONr&aa it 2F (KS aiddzReQa NJ

&
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1 the option for parents to automatically add themselves to the mailing list by
scanning a QR codemeaning that recruitmat could continue outside of the

recruitment hours

Using the personalised text fields, each email was addressed to the parent who signed

dzLJ F2NJ 0 KS aiddzReé O6LINBR2YAYlIyidfe Y2G0KSNRBO®
unique ID number, as this was nestito complete the questionnaires. The

guestionnaires themselves were embedded within a hyperlink, which would take

participants to eithetAdobe FormsCentral® or JotFornA® exemplar email can be

found inAppendix7.

al Af/ KAYLI tEtft286SR SYIAfa (G2 0SS RAAGNNOGz S
birth (Table 9. This featureS y & dzZNB R G KF G G KS | LILINBLINRF 4GS ]
age was automatically sent. However, the original automation instructions meant tha
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 wererefore adjusted so that parents were

able to continue completing questionnaireS Sy AT G(KS& KI Ry Qi 02Y

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 theileona

access the embedded link. These reminders were scheduled to be delivered after two,
three and four weeks of the original questionnaire being sent. Birthdegrds were

sent to children on their birthdays, as they are known to improve retention ratés

Ilr;eTSl!n;eﬁ Q Email Contents

122 days Questionnaire 1: Months-Old
136 days Questionnaire 1: Reminder #1
143 days Questionnaire 1: Reminder #2
150 days Questionnaire 1: Reminder #3
305 days Questionnaire 210-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
488 days
502 days
509days
516 days
671 days
685 days
692 days
699 days
2 years
854 days
868 days
875 days
882 days
1037 days
1051 days
1058 days
1065 days
3 years
1220 days
1234 days
1241 days
1248 days
1403 days
1417 days
1424 days
1431 days
4 years
1586 days
1600 days
1607 days
1614 days
1769 days
1783 days
1790 days
1797 days
5 years

Happy 2! Birthday ECard
Questionnaire 3: 181onths-Old
Questionnaire 3: Reminder #1
Questionnaire 3: Reminder #2
Questionnaire 3: Reminder #3
Questionnaire 4: 2Months-Old
Questionnaire 4: Reminder #1
Questionnaire 4: Reminder #2
Questionnaire 4: Reminder #3
Happy 29 Birthday ECard
Questionnaire 5: 281onths-Old
Questionnaire 5: Reminder #1
Questionnaire 5: Reminder #2
Questionnaire 5: Reminder #3
Questionnaire 6: 34Months-Old
Questionnaire 6Reminder #1
Questionnaire 6: Reminder #2
Questionnaire 6: Reminder #3
Happy 3 Birthday ECard
Questionnaire 7: 4Months-Old
Questionnaire 7: Reminder #1
Questionnaire 7: Reminder #2
Questionnaire 7: Reminder #3
Questionnaire 8: 481onths-Old
Questionnaire 8: Reminder #1
Questionnaire 8: Reminder #2
Questionnaire 8: Reminder #3
Happy 4' Birthday ECard
Questionnaire 9: 5Months-Old
Questionnaire 9: Reminder #1
Questionnaire 9: Reminder #2
Questionnaire 9: Reminder #3
Questionnaire 10: 581onths-Old
Questionnaire 10: Reminder #1
Questionnaire 10: Reminder #2
Questionnaire 10: Reminder #3
Happy %' Birthday ECard

Table9: timeline of questionnaire distribution
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3.8 Data Storage

Completed postcards, which contained participant contact details, were archived at

0KS LyadAGdziS 2F / KAfR I'SIfTGKE 'fRSNII Se /
guestionnaires were stored on the AFC® and JotForm® serversweneSecure

Soclet Layer(SS).secure?®®The collected data from each questionnaire was exported

into an Excé&spreadsheet; where it was subsequently encrypted with a strong

password. Exc@l spreadsheets westored on a secure server, hosted by the

University ofLiverpool.

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 wakided in all
emailcorrespondenceand was required to be entered before questionnaires could

begin.

3.9 Coding

The data exported into Ex@lvas raw: responses appeared as they did in the

questionnaire. For statistical packagesd€ Section 32) to process the data however,

it needed to be converted into a numerical form. This was done in &farethe most

LI NI = dza Zan BB LXK § O9 VA FHzy OG A2y G2 FEt201GS I
response for every question. The specific integers allocetech response, for each

question, can be found iAppendix8.

The responses to a minority of questions had to be coded using alternative methods.
Birthweight could be provided in either kilograms or powaaiglounces, so the latter

was converted to théormer during the coding process. Analysing a single unit of
measurement (kilograms) was considered to be easier than analysing mixed units
(poundsand-ounces). IMD deciles were coded by using an online governmental

postcode converter, to calculate parick y 14 Q La5 RSOAf S FTNRBY (K
Comorbidities were allocated to one of seven categories using author discretowml

where there was uncertainty, the 1€ID. 2% Maternal age was calculated by

adzo G NI O Ay 3 -of-birtl, ZrayK KNEINA A&/ Sfoghi Qa & S| NJ
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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 todmerected.Table 10outlines thefrequency

of each issue in each questionrair

¢CKS FTANRG A&dadzS O2yOSNYSR (GKS ljdzSadAaz2yy al @
OKAf RQa ONRPGOKSNB 2NJ AaAaGSNAR SOSNI oSSy (2fR o
KFe FSOSNI 2NJ SOTSYIFKéd {2YS LI NBgedd NBLIZ2 NI SR
relatives (e.g. aunts and hadiblings); some parents reported the atopic status of the

child, who was the focus of the questionnaif¢t! a (KSaS NBalLl2yaSa RARYC
inclusion criteria for the question, they were omitted from the dataset. her t

j dzZSaGA2YY G2KIG Aa @2dz2NJ LI2AGO2RSKéX FADS LI N
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:

a2 KIGd o0Said SAONROGSE e2dzNJ ySo oloeQa SGKYAO
ddyourb® @ @$SAIK G O0OANIKKEéD ¢g2 LI NByldla RAR y2
GKNBS LI NByda RAR y20 aidldS GKSANI OKAf RQa oA
OKAfR KIR 06S8Sy SELRA&ASR (2 JFLAyYy3IsZ Ay NBaLRya
yourhou§ K2t R aY21S> Iye@sKSNBKED ''a (KS ljdzSadazy
responses about vaping were omitted from the daarentsvere able to return

guestionnaires two through ten, despite having not completed the baseline

questionnaire; this meant thai K SA NJ OK A £ R Q amoStiatid@siridkNdStorss G | G dza
(Table 1) had notbeen established. A similar problem arose whenever parents

NBGdz2NYySR F 1jdzSadA2yylFIANS 6A0GK2dzi GKSANI OKAf R
be determined whether any informé A 2y ¢l a KSf R Fo2dzi GKSANI OK?
In both cases, respondents were removed from the datgsss as not to skew the

results of the longitudinal and crosectional analyses, which relied upon knowing a

OKAf RQAa SELJ] a dzhib relatéditoltrdzauplicatida 8f qiedtighhaire A &

responsesThe response that was completetbsesto the expected completion date

was kept in the dataset, meaning thatiplicated responsesould beremoved
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Frequency of Issue

QL Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

Gl I @S @ 2dz
OKAf RQa ¥
2F @&2dzNJ O
brothers or sisters
ever been told by a 4 1 2 2
doctor that they, or
you, have asthma,
hay fever or

SOT SYI K¢

G2 KIad Aa 5
L2 a0 02RSK
62 KFd o0Sa
describes your new 5

oloegQa Si
2NJ ol O] 3N
Gl 24 YdzOK
your baby weighat 3
0A NI KKE

G52S8a Fye
of your household 1 1
avyz21Ssz |y
Late Additions 3 1 2 17 25 16 25 27 26
Missing ID Codes 4 1 2 1
Duplicated 4 5 6 16 7 4

Questionnaires
Tablel0: 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

CrossSectional Analysis

1

1

1

1 Analysis of Attrition
1

i Longitudinal Analysis
1

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 studgisa proportion of the number of births and the

number ofeligiblebirths at LWH during the recruitment period. Thoseondompleted

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 numbegligfiblebirths

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 fofraoruitment and norenrolment of these
births were identified by Dr Joshua Stead, as part of his MPhil thesis; they have been

replicated for the purposes of this thes?8°

3.11.2 Profile of the FamilfCohort

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

% K S3ftesting returned agd | £ dzS052 F  XXn @

501 Fo2dzi GKS [ 21 Qredf®ih Rrafdssof Ben ShaRbidicédas ¢ | a

of the eligible births were converted into IMD deciles using online governmental
postcode converters®? Data regarding the proportion of Liverpool in each IMD decile
was sourced from the Ministry of Housing, Communities & Local Governfiebata
about antenatal smoking and breastfeeding, in Liverpool and England, was extracted
from official NHS statigts.?°%2%8 Data about maternal age and maternal education

was taken from the Office for National Statisti¢;300

3.11.3 Profile of the InfantCohort
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 ad the wider population of Liverpool and/or England during the
NEONHZA G YSYy (i LISNA2R (22 ! adlaAradrortte ai
testing returned apdl £ dzS 2 F Xnodnp ®

Data regarding the eligible births at LWH was obtained from Profé&soiShaw. The
Office for National Statistics provided data about: sex, ethnicity, gestational age,
multiple pregnancies and birthweight in Englafti<**4 Data about the prevalence of

multiple pregnancies in Liverpool was sourced from Public Healttaohg?

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 queaties was also

determined. Reasons for attrition were identified where possibégain, using Dr

W2aKdzZ {G§SFRQad atRAf (KSaAa F2NI NEFSNByOSc

The demographic and socioeconomic characteristics of the study cohort were analysed
at each questionnairermiepoint, to detect disproportionate droput rates amongst
certain groups. Disproportionate dreput was used to inform the use of statistical

techniques, to mitigate for such losses in the crssstional/longitudinal analyses.

3.11.5 CrossSectional Analysis

The crosssectional analysis of the LBBS examined the responses received to all ten
questionnaires, but in isolation from each other. It was divided into four sections:

1 Analysis of Risk Factor Exposure

1 Analysis of Total LRSgores and Domain Scores

1 Analyss of Symptom Prevalence

1 Analysis of Healthcare Service Usage

Due to large amounts of attrition from the LBBS, the study cohort gradually became
f Saa NBLNBaSyul dADS 27T cdspetialyaintSisoE@ Aot S & G dzf
deprivation (see Section 4.4)herefore, 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 crosssectional analysis applied factor weighting. It was used to analyse: total LRSQ

scores, LRSQ domain scoanptom prevalence and healthcare service utilisation,

between different exposure groups. The weighting factors allocated to each IMD decile

for each questionnaire can be foundAppendix9.

Whilst conducting the crossectional analysis, further adjusémts were made to the

data coding proces£hildren 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 wereralsategorised, based

2y
0K

GKSANI OANIKgSAIKGT

24S 02Ny Fd Hopl3 2N 0208

GK2as

02Ny I
6SNBE Oz

ethnicity, maternal age, deprivation and maternal education were regatised too.

In order to account for the underepresentation of certain groups within the LBBS,

and increase the statistical power, these responses were condensed into ¢dwer

larger¢ groups. The adjusted codes can be founédjpendix10.

= =2 =2

= =a =4 =2 =2 A=

=

1

Antenatal Smoking Status

Bedroom Sharing

o Bedroom Sharing with Whom
Birthweight

Breastfeeding Status

o Duration of Breastfeeding
CoMorbidities

Ethnicity

ETS Exposure During Pregnancy

0 Location of ETS Exposure Dufirggnancy
Family History of Atopy

Gestational Age

Maternal Age

Maternal Education

Multiple Pregnancy

Nursery Attendance

Other Household Children

0 Number of Other Household Children
Postnatal ETS Exposure

0 Location of Postnatal ETS Exposure
Sex

Tablell: risk factors assessed in the LBBS
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¢KS [..{ 15848348 R OKAtRNBy Qs &idue sidzNB G 2

The exposure prevalence to six particular risk factorsamadysed at each timepoint:
nursery attendance, other household childrdiedroom sharing, ETS exposure, family
history of atopy and caonorbidities. These six risk factors were liable to change for an
individual throughout the course of the study, so hadoe described at every

timepoint.

PAAY3 REGE FNRY t2teziing Compaied thelERS exposiife in gari
questionnaire, to the smoking prevalence in Liverpool and Engta#l.p-value of
Xn awagpdeemed to indicate statistically significant difference. The remaining five

risk factors were analysed with descriptive statistics.

Descriptive statistics were used to analyse the total LRSQ scores, from every

guestionnaire. They were used to analyse the LRSQ domain scores; an overview of the

provided inTable 12 1 Daytime Symptoms 16
NightTime Symptoms 20
Symptoms with Colds 21

Symptoms without Colds 16
Symptoms with Increased Activit 16
Other Respiratory Symptoms 12
QoL of the Child 16
QoL of the Parent 16

Tablel2: domains in the LRSC

Both thetotal and

domain scores were

calculated using

Microsoft Excel, after

the data had been

0O ~N O OB WN

coded into a numerical

format.

Mann-Whitney U and KruskaNallis testing were used to analyaich risk factors

\

resulted in highetRSQscos& o6 A SR dzLl2y ||  OKATheRotmier RSINB S

was used Wen 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 KruskalVallis testing revealed a statistically significant difference between the

exposuregroups of a risk factor, thenpost2 O (G SaidAy3 g+ a O2y Rdz0GS

test. Analysing for these differences allowed the risk factors that most affected a
OKAf RQa&a cJandihus, theld dpiatory wellbeingto be identified.
{ LIS NI I y Oralation lwgSjused t@ amhlyse the strength of the relationship
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0SG6SSy G201t [w{v &a02NB FyR G244t v2[ &a02NKB
combined score from Domain 7 and Domai\Bross all of the inferential tests, a

p-@ I t dzSO5%&aE coniered to reveal a statistically significant difference.

In the crosssectional analysis, Kruskalallis testing was used to detect statistically

significant differences in total/domain LRSQ score, betwaellren with varying

levels of: deprivation, maternal age, maternal education, and breastfeeding time. Since
KruskalWallis testing cannot identify between which specific levels there is a
adFdAadAOlrfte AAAYATAOI Y istRREDTENBY O©83X aDdzg v
test uses numerous pairwise comparisons to recognise where the statistically

significant differences exist?®® The test is therefore subject to multiple testing, which

means that as more analyses are conducted, the chance oueat&ong a significant

result increases potentially leading to a type | erro$%

One way of minimising the likelihood of a type | error, is to perform a Bonferroni

I R2dza dYSYydT GKA&a G§SOKYAI dzSvalkefisziegededio®e § KS ( KNB
significant. In the LBBS, it was decided that correcting for multiple testing would not be

used As the goal of the crossectional analysis was to identify trends in total/domain

LRSQ score, between the different levels of an individual risk faciog aBBonferroni

adjustment was considered to be too conservativeotentially causing important

trends to be overlooked (a type Il error). Bonferroni adjustment is also unsuitable for

use when independent variables have a degree of interdependemsehey do in the

LBBS3% The fact that multiple testing was used, should be taken into account when

considering the significance of results with borderline significance.

For each timepoint, descriptive statistics were used to analyseverall prevalence

of respiratory symptoms in the cohort. Descriptive statistics were also used to analyse
the prevalence of specific symptontor each specific symptom, binary logistic
regression was used to calculate multiple odds ratios (ORs).@Rahows how likely

a symptom was to occur whenever a certain risk factor was present, compared to

when that risk factor was absertatistically significar®Rswere considered to be
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evidentwhenthe g f dzS 4, arélor g1 9B% ponfidence inteal (95% CI) did

not include 1.

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 ratio©ORs). Each OR shows how likely attendance was to

occur whenever a certain risk factor was present, compared to when that risk factor
wasabsent{ LISI NX¥I yQ&a wlyl /2NNBftl A2y 61 & dzaSR
total LRSQ score and GP/hospital attande rateslf a pvalue was calculated to be

XXn Pangor the 95% confidence interval (95% CI) did not inclydbén a

statistically significantesultexisted.

3.11.6 Longitudinal Analysis

The longitudinal analysis of the LBBS was performed ssapgvisemulti-level mixed

effects modelling3°’ This technique could account for participants who did not

complete every questionnairevhilst ensuring that the model only contained the most

predictive of the many interrelatedrisk factors for total/domain LRSQ scot¥308A

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 periodAp@ | f dzS 2F Xnodnp 61 &4 RSSYSR G2 AYyR
changeRisk factors that returned @ I £ dzS 2 F X/manually ehtérétdito § KSy

a mixed effects model for the score that they affecteds a fixed effectSuchfactors

were added to the model incrementally, in order of ascendingue. L ¥ | NA & FI
p-BL t dzS NBYIFAYSR |G Xnonpx SOSyYy dzZl2y GKS | F
Ay (GKS YAESR ST 7T S-@iigibecdeR-8.05theifis rémoved Ol 2 ND &

from the mixed effects model.

As with the crossectional analysis, the longitudinal analysis neegsbtkct the actual

spread of deprivation seen amongst the births in LWH during the recruitment period.
CKAA gl a I OKA S @ SsRMDaléciledsgrantiodzieffegfidbothth®® KA f RQ
univariate analyses amixed effects modal Wv dzS & G A 2 Y y I A N&hery dzY 6 S NQ
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

PAAY3 /I NRYyolOKQa FfLKIFEX GKS AYyGSNYI f 2yairai
evaluated. All responses were used, regardless of attriioK.Sy h x nd1 > (KS R2
g4 RSSYSR (G2 KI@S O0OOSLIilFoftS AYGSNylLrt O2yaa
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3.12 Choice of Statistical Package

The crosssectional analysis, the profiles of the families and infants in the study, and
attrition from the study were analysed using SPSS Statistics (Version 26). STATA
(Versionl4) was used to conduct the tgitudinal analysis, and validate the LRRQ.

(Version 4.0.3) was used to create graphs and figures.

58



Chapter 4. Results

Chapter 4 presents the results of the LBBS, in the seven previnuitilyed areas.

Recruitment and enrolment rated\NdS & dzYYF NAASR® t NRPFAf Sa 27
infant cohorts are provided, which compares their characteristics, to the

characteristics of LWH, Liverpool and England. Attrition from the LBBS is described,
f2y3aARS |y | yI & a ktérist2sichafgadathraudgodut tie atedg NI Q a

in response to drofout.

The later analyses encompass the most original and important findings of this thesis,
and conclude the LBBS. The crssstional analysis demonstrates the risk factors that
exerted the larget 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{ wntéraal consistency shows whether the questionnaire can be validated for use

in longitudinal studies
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4.1 Recruitmentand Enrolment

This section of the results is dedicated to the analysis of recruitment and enrolment
into the LBBS. The recruitmerate 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 forrecmitment and

non-enrolment are also outlined.

Recruitment is illustrated by the flowchart ligurel. 2,344 infants were recruited

into the LBB®etween 234 January 2013 and®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

Total Births at  Eligible Births at
during documented LWH LWH

breaks in reruitment, Number 15,492 12,452

Percentage of
11.1% (n = 1,722) were [ RIS EIS It 15.1% e

born outside of the Tablel3: recruitment rate into the LBB¢

a0dzReQa LIRAGO2RS INBIFI ndm: oy I mMmnHLO 6SNB
0.4% (n = 58) had a poor prognosis at births, and 0.5% (n = 75) were not eligible for
recruitment for other reasonsSince there was no way for these infants to ever be

recruited, the recruitment rate amongst thaligible births at LWH during the

recruitment period (n = 12,452) was actually 18.8%b{e 13. 80.6% (n = 10,040) of
StAIAGES Ay Tl ylda ringsedBitmenty Pha gaerRs®f justiD.5% 2 |  Rdz
(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 andssued consent to being invad 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 contaatiee to an

incorrect emailpostal address, and the remaing 58.0%(n = 1,35%were assumed to

0S Wi 2 &-ilzLI&% &f 2hé ec@uiied infants were therefore enrolled onto the
LBBSTable 14.
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Figurel: flowchart of recruitment throughout the LBBS

Total Births at EligibleBirths Recruited
LWH at LWH Infants

Nurber isas  was

Percentage of Infants Enrolled 4.4% 5.5% 29.4%

Tablel4: enrolment rate onto the LBBS
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4.2 Profile of the Family Cohort

This section of theesults is dedicated to the analysis of the family cohort. Amongst

GKS [..{Q FrYAftASaAasT GKS F2fft26Ay3 KI OS 0o
i breastfeeding prevalence 9 distribution of maternal education

9 duration of breastfeeding levels

9 distribution of IMD deciles 1 antenatal smoking prevalence

i distribution of maternal ages 1 exposure to ETS during pregnancy

Where possible, the LBBS cohort has also been compared to the eligible births from

LWH and/or Liverpool and/dgngland.

4.2.1 Breastfeedindgstatus

70.6% (n = 480) of mothers in the LBBS breastfed for some duration of time, whereas

z

HpPr: o0y I Hano FEgReP)Qld o NBL FSSR G I ff
) Prevalence of Breastfeeding )
o ® Did Breastfeed Did Not Breastfeed
8 -
2
g -
C
Kel
5
3
a
[
o
ke
X o
Q -
9 -
o
LBBS Liverpool England
Population

Figure2: prevalence of breastfeeding in the LB&®ypared to LWH and Liverpool and England
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Compared to the eligible births from LWH, the uptake of breastfeedingwgher in

0KS [2=12%.71, ¢ = <0.001, df = 1). The uptake of breastfeeding was higher too,
GKSY O2YLI NBR (2 (KS122K2€090120F=1hda SSN1LI2 2 6.
prevalenceof breastfeeding in the LBBS was significantly lower than in England

02=4.45, p = 0.03, df = 1).

Duration of Breastfeeding

In the LBBS, 30.2% (n = 145) of the mothers w

breastfed, did so for less than one month. 20.0 <1 Month

(n = 96) of the breastfeeding mothers stopped
doing so after one to four months. 49.8%

(n = 239) continued to breastfeed for lcargy

>4 Months

than four months Eigure3). 14 Months

Figure3: breastfeeding in the LBBS by durati
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 ecile, 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) decild={gure4). 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

a 02 NB a1.28, p = <0.001, df = 9). Higher IMD decile scores were also seen, when

GKS [..{ 61a O2YLI}I NSR (2 34FREH5Py<00NE [ A IS NI
df = 9).
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Distribution of Deprivation
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Figure4: IMD deciles in the LBBS, comparetH 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 whd grovide their age: 1.1%

(n = 6) were younger than A@arsold, 8.3% (n = 46) were 20 to-féarsold, 23.4%

(n = 130) were 25 to 2@earsold, 37.6% (n = 209) were 30 to-§éarsold, 22.3%

(n = 124) were 35 to 3gearsold, 6.8% (n = 38vere 40 to 44yearsold, and 0.5%

(n = 3) were 4%earsold or older Figureb).

Maternal age was olderinthe LBBBE & O2 YLJI NBR (G2 GKS [21 Q& St A-:
62 opodmMy I LI T fnodnnmI RFI12P05 0o D00KIE=6p K2t S 27T
YR (GKS ¢K2 287123 p=9<0.a01,ldER). 6 .
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Distribution of Maternal Ages

= |BBS
" LWH
= Liverpool
= England

Maternal Age (years)

% of Population

Figureb: 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 LBBSsessed no qualifications. 1.9% (n = 13) were
educated to Level 1 (i.e. they finished secondary school, but with less than five passing
GCSEs/evels). 15.3% (n = 104) were educated to Level 2 (i.e. they had five or more
GCSEs/evels), and 7.5% (n £)5Svere 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 apmiieeship or other qualificationRigure6). *

la2GKSNR 6AGK | @201 GA2Yy It lj2testihghaEthedl GA2Y &

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
Y2 NB SR dz0815148,R = €0.001, df = 5). The same difference existed between
mothers in the LBBS, and parents in Engy 2R 219.43, p = <0.001, df = 5).

Distribution of Maternal Education Levels
65
= |BBS
60 1 = Liverpool
= England
55
50
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35
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None Level 1 Level 2 Level 3 Level 4 Apprenticeship/Other

Maternal Education Level

Figure6: maternal education levels in the LBBS, compared to Liverpool and England

4.2.5 Smoking

90.6% (n = 616) of mothers in the LBBS did not smoke during preghtovegver, this
means that 9.4% (n = 64) continued the habit whilst pregnBiguie?).

Compared to the eligible births from LWH, the prevalence of antenatal smoking was

f 26 SN AY 23K, p E <0.0Q1, db= 1). The prevalence of antenatal smoking

wasl f a2 f26SNJAY GKS [ .. { £=25KSp~ <OW®Y dik NS R

I YR 9y 3£4I06/ )= 0005, df = 1).
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Prevalence of Antenatal Smoking
= Smoked “ Did Not Smoke

Population
England

Liverpool

LWH

LBBS

T T T
20 40 60 80 100

o

% of Population

Figure7: prevalence of antenatal smaig 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

Location of ETS Exposure in Pregnancy

which originatedfrom another

person. During their
Inside the Home

pregnancies21.1% (n = 28) of

Outside the Home

A these mothers were exposed
inside Another Location to ETS inside the home, 87.2%
nside the Car (n = 116) were exposed to ETS
outside of the home, 8.3% (n =
Figure8: antenatal ETS exposure in the LBBS by location
11) were exposed to ETS inside
the car, 9.0% (n = 12) were exposed to ETi8drenother location (e.g. work), and

3.8% (n = 5) were exposed to ETS elsewl&nrife8).
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4.3 Profile of the Infant Cohort

This section of the results is dedicated to the analysis of the ifambrt. Amongst

GKS [..{Q AyFlyldazs GKS F2ft2¢Ay3 KIBS 6SSy O
1 prevalence of low birthweight 1 rate of postterm birth
1 distribution of infant ethnicity 1 prevalence of multiple pregnancies
1 rate of prematurity 9 distribution of irfant 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
PPE: 6y I' cHO 2F AyFlyida Ay GKS [..{ 6SNB Of
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 seeRigure 9
Distribution of Infant Birthweights
40
= |BBS
LWH

35 | ® England & Wales

30
8 25
©
2 20
o
6
2 15

105+

) il I]

o) o o i

<15kg  1.5-199kg 2-249kg 25-299kg 3-349kg 3.5-399kg 4-4.49kg 45-499kg  >5kg
Birthweight (kg)

Figure9: birthweight of infants in the LBBS, compared to LWH and England & Wales
Thereg I & y20 | &aAIYAFAOLYH RAFFSNBYOS 06SG4SSy |
AYyFlLyita aSSy Ay (GKS [..{X 6KSy¥Y=0A2YLI NBR G2 i
p = 073, df = 1). However, there wefewerWf @ s NI Kg SAIKIQ Ay TFlLyda o2N

I NB dzy R ( K S2=BI95 5= 0004, WS 1)0 .
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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 Agladian, Pakistani or
Bangladeshi. 7.6% (n = 52) identified as another ethniditgluding mixed race
(Figurel0). 0.3% (n = 2) did not declare their ethnicity.

Distribution of Infant Ethnicities

® White = Black ™ Asian ® Other

England & Wales

H

Population
LW

LBBS

[ T T T T 1
0 20 40 60 80 100

% of Population

Figure10: ethnicity of infants in the LBBS, compared to LWH and England & Wales
The prevalence of white infants in thé&8BS was higher thaf other ethnicities, when
O2YLJ NBR (2 GKS S%XAAp=0.807adfA=NYjd0din Bngland & | 0 .
WalS a2=®1.47, p = <0.001, df = 1).

4.3.3 Gestational Age
t NBYIF Gdz2NAGe sFa aSSy Ay mMHOpE: oy I yc0O 27F
infants were born posterm. The distribution of gestational ages in the LBBS can be

seen inFigurell.

The rate of prematurity in th&€ BBS waligherthan the rate ofprematurity amongst
GKS St A3IAof $=518, KB KA, di-=il). The fate @f prematunitys also
higherthan9 y 3 f 163=R%)38, p = <0.001, df = 1).
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Distribution of Gestational Ages
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Figurell: gestational age of infants in the LBBS8mpared to LWH and England & Wales

4.3.4 Multiple Pregnancies

There were 9 pairs of twins enrolled onto the LBB®counting for 1.3% of the
pregnancies represented in the study. Therefore, the LBBS had a multiple pregnancy

rate of 10.3 per 1000 pregmcies(Hgure 12).

The rate of multiple pregnancies in the LBB£ not significantly different to the

Ydzf GALIX S LINB3IYyFryOe& NIGS aSSy=03¥py@Es8i (GKS St A
RT I MU P ¢ K SregnanizRatenwaseaitierzighificadtlydifferent tothe

K2t S 27T O0RAMDS NERH [AiFA)onEnglands 2 | 25 8.8Y, 0 .

p =0.54, df = 1).
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Multiple Pregnancy Rate

15
10 —
5

LBBS Liverpool England & Wales

Multiple Pregnancy Rate (per 1000 Pregnancies)

Population

Figurel2: 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 infantsvas not considered to be significantly different= 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 questi@ires, 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 Rateof Attrition

Change in Questionnaire Response Rate

Of the 689 infants enrolled onto the

100

LBBS: 97.1% (n = 667) were accounte %

80

for in questionnaire one, 54.1% -
(n = 372) were accounted for in 60

50

% of Cohort

questionnaire twg 39.6% (n = 272) -
were accounted for in questionnaire 30 7
20

three, 36.8% (n = 253) were accountet |

for in questionnaire four, and 32.8% 0-

(n = 225) were accounted for in

Questionnaire Number

questionnaire five. 33.5% (n = 230) Figure13 change in questionnaire response

were accounted for in questionnaire six, 31.3% (n =) 2lére accounted for in
guestionnaire 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 teffablel5describes the change nesponse rate

between successive questionnaires, didure B showsthe change graphically.

Response Rate from Tota 3% in Response Rate fror

Respondents LBBS Cohort Previous Questionnaire
1 667 97.1% -
s 2 372 54.1% -44.2%
€ 3 272 39.6% -26.9%
Z 4 253 36.8% 7.0%
% 5 225 32.8% -11.1%
S 6 230 33.5% +2.2%
2 7 215 31.3% 6.5%
é 8 250 36.4% +16.3%
9 213 31.0% -14.8%
10 219 31.9% +2.8%

Tablel5: questionnaire response rate, and changessponse rate
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Figurel4: flowchart of attrition throughout the LBBS
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Participants were deemed to have permanently dropgmed if they: left the study (i.e.
deliberately removed themselves from mailing list), or died, or were lost to felipw
OAPSD® RARY QU O2YLX SGS Fye Fdz2NIKSNIdjdzSadAzyyl
(i.e. went on to complete at least one future questionnaire) were deemed to have

temporarily dropped outFigure 14shows the reasons for attrition between every

questionnaire.

7 ¥eimle - Further analysis showed that for the
Respondents

REEERSNINL  ajority ofinfants: 20.9% (n = 143),
143 20.8 . T
5 118 17.2 just one questionnaire was returned.
B o 91 13.2 41.5% (n = 285) of the cohort
o o
£ = S0 7.3 completed at least half of the
C
8 _5 65 9:5 guestionnaires. A complete dataset
Sz |6 | 38 5.5
Q i 0, -
é 3 53 77 was achieved for 6.0% (n = 41) of
E 8 | 45 6.6 infants¢ meaning that all ten
ﬂ 43 6.3 guestionnaires were returne(lable
41 6.0

16).

Tablel6: LBBS cohort by number of completed questionnai

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 charagewithin each

of the different demographics, certagroups were more likely to dreput of the

study. The following sutheadings describe how the cohort changeatoss the ten
guestionnairesin ten distinct areas, as previously described in Section 4.2 and Section
4.3.

The propotion of mothers who smoked during pregnancy decreased by an average of
0.22% between each questionnai(gigurel5). Since the proportion of mothers who
RARY QU &Y21 S22%, h@dkas aadSRopartdnate drapt rate amongst

those whosmoked antenatally.
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The average rate of attrition between each questionnaire @a8§% for 'low
birthweight' infants(Figurel6). Since the proportion of 'normal birthweight' infants
grew by 033% between each questionnaire, there wadigproportionate amount of

attrition amongst 'low birthweight' infants.

On average, the breastfed population increased®y®6 between each questionnaijre
whilst the nonrbreastfed population fell b®.576(Figurel?). Non-breastfedinfants

therefore droppedout of the study to a greater extent than breastfed infants did.

The proportion of respondents in the first and second IMD deciles declined by an
average oD.7%0 and 9% respectively between each of the ten gueshaires
(Figurel8). On average, the other eight deciles saw an incrg@se negligible
change)n the proportion of respondents within therd disproportionate rate of

attrition was seen from the most deprived participants.

The proportionof white infants rose by @9% between each questionnaire in the
LBBS, whilst the proportion of naemhite infants declined b{.24%(Figurel9). There
were no Asian participants remaining in the study from the third questionnaire,
onwards. Noawhite infarts therefore dropgd-out of the LBBS at a disproportionately

higher rate than white infants.

The average rate of attrition between each questionnawaes0.36%for premature
infants the proportion of term infants grew by 86%between questionnairegFigure
20). Infants who were born prematurely droppexit of the LBBS at a slightly greater

rate than those who were born at term.

The proportion of women with a maternal age of less tR&nyearsold fell by an
average 0f0.33% between each questionnaire; the proportion of women with a

maternal age o25to 34-yearsold fell by 0.57®%6(Figure21). The proportion of
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Y2 i KSNE -yedsSlkrose by.92% between each questionnaiesen though
all mothers older tha5-yearsold 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.

The proportion of mothers whwere degreeeducatedincreased throughout the
study: by an average 4f6% between each questionnaifEigure22). Decreases were
seen in the proportion of mothers from all other educational levedsowing that

attrition was more common amongst lesslucatedmothers.

There was negligiblechangein the proportion of responses that came from twins,

and the proportion that came from singletons, throughout the LEB@ure23).

There was negligiblechange in the proportion of male drfemale infants throughout
the study(Figure24).
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Change in Antenatal Smoking Status Across the LBBS

% of Population

Baseline a1 a2 a3 a4 as a6 a7
Questionnaire Number

wSmoked in Pregnancy = Did Not Smoke in Pregnancy

Figurel5: proportion of mothers over time by antenatal smokig status

Change in Breastfeeding Status Across the LBBS

23 FE¢

% of Population
- %
g 3

0%
Baseline Q1 Q2 Q3 Q4 [05) Qe a7
Questionnaire Number

mBreastfed = Not Breastfed

Figurel7: proportion of mothers over time by breastfeeding status

% of Population

20%

10%
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Change in Birthweight Classification Across the LBBS

a2 [0k} Q4 as Qe ar o} as Q1o
Questionnaire Number

= Low Birthweight (<2.5kg) = Normal Birthweight (=2.9kg)

Figurel6: proportion of infants over time Hyirthweight classificatio
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Change in Infant Ethnicity Across the LEBS
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Figurel9: proportion of infants over time by ethnicity
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Change in Deprivation Across the LBBS
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Figurel8: proportion of families over time by IMD de



Change in Prematurity Across the LBBS
100%

% of Population
E

40%
30%
20%
o
0%
Baseline al [o¥] a3 a4 as as a7 a8 as alo

Questionnaire Number

u Pre-Tem Birth Term Birth

Figure20: proportion of infants over time by gestational age
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Change in Maternal Age Across the LBBS
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Figure21: proportion of mothers over time by highest educational

79



Change in Twin Population Across the LBBS
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Figure23: proportion of infants over time by twin or singleton st:
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Figure22: proportion of mothers over time by age at the time of delivery 5 a0
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Figure24: proportion of in&nts over time by s
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4.5 CrossSectional Analysis

This section of the results is dedicated to the cresstional analysis of the LBBS. The
prevalence of the following risk factors has been described for each of the ten
guestiomaire timepoints: nursery attendance, other household childteedroom
sharing, ETS exposure, family history of atopy anchotbidities. At every timepoint,
the distribution of total/domain LRSQ scores, the prevalence of different respiratory

symptoms, ad the frequency of healthcare service attendance have been calculated.

LYFSNBYGALE &dGFiAadAOre (8aia KFrgS 688y dz

risk factors, can affect their LRSQ score and symptom prevalence and healthcare

service attendnceat ten different ages.

4.5.1 Questionnairel: 4Months-Old

At 4monthsold, 4.2% (n = 28) of infants attended nursery.

36.1% (n = 241) of infants lived with at least atieer childat 4monthsold. 71.8%
(n = 171) lived with only one other, 22.7% (n = 54) lived with two others, 3.4% (n = 8)
lived with three others1.7% (n = 4) lived with four other@nd 0.4% (n = 1) lived with

seven others.

At 4monthsold, 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.

18.6% (n = 124) of infants were exposed T&E&t 4monthsold. 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 locatiomg(evork), and 0.7% (n = 1) were

exposed to ETS from elsewhere.

81



At 4-months-old, the prevalence of ETS exposure amongsintsin the LBBS was not
significantly different to the prevalence of smoking in England in 2032 =¢0.50,

p =0.48 df = 1) However, it was lower than the prevalence of smoking in Liverpool in
2013M p 2=67.22, p = 0.007, df = 1).

At 4-months-old, 59.4% (n = 396)

of infants had a family history of

Maternal
(n=122) atopy.
From those with a family history of
(n=73)
) atopy: 61.4% (n = 243) had an
Paternal 21 Sibling atopic mother, 51.0% (n = 202)
-~ (n=16) e
o= o= had an atopic father, and 27.0%
(n =107) had at least one atiap
sibling. There was a family history
of: asthma in 49.0% (n = 194) of
Asthma
(=s1) these infants, hay fever in 64.6%

(n = 256), and eczema in 48.0%
(n = 190)Figure25 shows how

Eczema Hayfever familial atopy was interelated at

4-months-old.
Figure25: infants with a family history of atopy, by relative(s) and disease(s}nairths-old

7.8% (n = 52) of infants had acwrbid disease at-4nonthsold. The gastrointestinal
system was the most common-toorbid system at this age, whilst eczema was the
most common cemorbidity overall. Table 17shows the cemorbidities seen at

4-monthsold ¢ as reported by parents, and grouped according to organ system.
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Type of CeMorbidity Underlying Condition

Cystic Fibrosis 2

: Laryngomalacia 2

Re(snp|:ra6t)o Y _ Atel_ectasis _ 1

Chronic Lung Disease Rfematurity 1

Scarring of the Lungs 1

Cardiac Congenital Heart Disease 4

(n=7) Heart Murmur 3

Renal Duplex Kidney 1

(n=2) Vesicoureteral Reflux 1

Neurological Hydrocephalus 1

(n=2) Intracranial Haemorrhage 1

: : GastreOesophageal Reflux 8
Gastrointestinal :

(n = 11) ' Hernlav : 2

a.t22R Ay {02 1

Eczema 17

Food Allergy 4

Developmental Dysplasia of Hips 3

Blood Blister 1

Cleft Palate 1

526y Qa {@YRNRYS 1

Hypospadias 1

Neonatal Alloimmune Thrombocytopeni 1

Sagittal Craniosyntosis 1

Tablel7: comorbidities of the LBBS cohort atbnthsold

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at-fhonthsold are shown irmTable 18 The distribution of scores are

shown graphically ifigure 3.

o 2 5 13 109
2 15
19
21
16
16
Domain 6 12
Domain 7 8
Domain 8 SN 0 0 1 16

Tablel8: descriptive statistics of the total and domain LRSQ scoresainthsold

Total Score
Domain 1
Domain 2
Domain 3
Domain 4

Domain 5
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Distribution of Total LRSQ Scores at 4-Months-Old Distribution of Domain 1 Scores at 4-Months-Old Distribution of Domain 2 Scores at 4-Months-Old
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Figure26: distribution of total and domain LRSQ score4-atonthsold

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).

Domain 1 scores were higher amongst males (U = 48776, p = 0.034hpardvith 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). Rbet analysis revealed that infants with
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schooteducated mothers scored hightran those with degreeeducated mothers
(p =0.012).

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 thesdffit levels of maternal
education(H = 7.63, p = 0.022, df = 2). Rbet analysis revealed that infants with
schooteducated mothers scored higher than those with degeekicated mothers

(p = 0.011). There were differences in domain 2 scarergyst 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 28).6r for 14

months (p = 0.031).

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 = 12485p = 0.020).

Domain 4 scores were higher amongst infants who had: a family history of atopy
(U =47208, p = 0.023), or acwrbidity (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).
Posthoc analysis revealed that infants with degieducated mothers scored lower,
compared to those with school (p = <0.001) and vocatiorellycated mothers

(p = 0.014). Podtoc analysis revealed that infants living in the mdeprived IMD

quintile scored higher than those living in the secandst deprived IMD quitie

(p = 0.015).
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Domain 5 scores were higher amongst infants who: had a family history of atopy
(U =47996, p = 0.025), had armorbidity (U = 11742, p = <0.001), or were not
breastfed (U = 41419, p = 0.018)

Domain 6 scores were higher amongst males (U = 47768, p = 0.006), and those who
had: a cemorbidity (U = 11151, p = <0.001), or a family history of atopy (U = 46814,
p = 0.020).

Domain 7 scores were higher amonggants 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).

Domain 8 scores were higher amongst infants who: lived withrothédren

(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 armwbidity (U = 10577, p = <0.001). They
were also higher amongst males (U = 46965, p =19.00

CKSNBE gl a || LRAAGAGBS O2NNBf Il GA2y 0SG6SSy
QoL score ¢= 0.739, p = <0.001Figure27 shows the correlation graphically. A higher

total LRSQ score is masgongly correlated with a poor QoL for parents, than with a

poor QoL for infants {= 0.718, p = <0.001 vs=0.598, p = <0.00lnfantswho

regularly suffer with respiratory symptoms, and their parents, therefore experience a

worse QoL.
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Total LRSQ Score vs Total QoL Score at 4-Months-Old
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Figure27: correlation between total LRSQ score and total QoL scorenatthsold

90.0% (n = 600) of infants experienced at least one type of respiratory symptom at
4-monthsold. Snoring was the most common symptaas, 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 infantsigure28 demonstrates the prevalence of individual

symptoms.

Prevalence of Respiratory Symptoms at 4-Months-Old

Wheeze 26.5% (n=177)

21.9% (n = 146)

Tachypnoea

Snoring 62.2% (n = 415)

Shortness of Breath 12.4% (n = 83)

Rattly Chest 27.1% (n = 181)

Noisy Breathing Not From Chest 27.6% (n = 184)

Noisy Breathing From Throat 22.6% (n=151)
No Symptoms - 10.0% (n = 67)
Cough 57.4% (n = 383)
Cold 62.1% (n = 414)
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Figure28: prevalence of rgiratory symptoms at-fnonthsold
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Colds were mordikelyamongst infants who were born at ternfOR =1.66, 95% CI =
101¢2.72s Wy 2 N | f @fardsiORIFSE $% TK=(D9 ¢ 3.24), infants who
lived with other childreOR =1.51, 95% CI =@8¢ 2.11) and infants whalid not
share a bedroonfOR =1.73 95% CI =21¢ 2.49)

There were no risk factors that affected the prevalenceaighing at 4-months-old.

Being asymptomatic was more likelgnongsttwins OR =3.31, 95% CI =29 ¢ 10.05),
YR Wi 2g Dfand(DR 254 B% CIG 28¢5.32)

Noisy breathing from the throat was moligely amongstinfants: with a family history
of atopy(OR =1.70, 95% CI = 16 ¢ 2.50), males(OR =1.63 95% CI = 13- 2.35), and
infants witha comorbidity (OR =3.39 95% CI =20- 6.05). Noisy breathingrbm the
throat wasalsomore likely amongst children with vocationaftigucated mothers,

compared to those with degreeducated mothers (OR = 1.58, 95% CI 2 12045).

Noisy breathing that did not come from the chegis morelikelyamongst infants
whose mothers smoked during pregnar(@R =1.88 95% CI = @9- 3.24), infants
who lived with other childrefOR =1.51, 95% CI = @8¢ 2.11), infants who did not
share a bedroonfOR =1.73, 95% CI = 21 ¢ 2.49), andmales(OR =1.71, 95%
Cl=121-241).

Rattly chess were morelikelyamongstinfantswith a cemorbidity OR =2.42, 95%

Cl = 137¢ 4.28), andCaucasian infant®©R =2.29 95% CI = 17 ¢ 4.49) Rattly chests
were alsomore likelyamongstinfantswith school or vocationallgducated mothers,
compared to those with degreeducated mothersréspectivelyOR = 25, 95%
Cl=132¢2.89andOR = 164, 95%CI| = 1.8-2.47).
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SOB was morikelyamongst infants who: had a goorbidity (OR =4.24, 95% CI =
2.28¢ 7.87) were not breastfedOR =1.72 95% CIl =@9¢ 2.70) or did not share a
bedroom(OR =1.77, 95% CI =12 ¢ 2.80) It was also more prevalent amongst males
(OR =1.60, 95% CI =@2¢ 2.51). SOB was alswore likely amongstinfantswith
schooteducated mothers, compared to those wilacationally(OR = 1.9, 95%

Cl =1.8-3.67) or degree-educated mothers (OR = 5,85% CI = 1.1:23.07) Infants
with SOBwere more likely to be deprived tapsinceinfantsbecame 114 times less
likely tohave SOBor every increase in IMD decil®R = 1.4, 95% CI = 120 1.28).

Snoring was morékelyamongst maleg¢OR =1.64, 95% CIl =20¢ 2.25) and
CaucasianfOR =2.00, 95% CI =19¢ 3.35). Snoring was also more likely amongst
infants who were breastfed fdt-4 months, compared to those who were breastfed
for more than4 months(OR =2.31, 95% CI = 24 - 3.98).

Tachypnoea was moiikely amongstinfants with a cemorbidity (OR =2.35, 95%

Cl = 130¢ 4.25),Caucasiamfants (OR =2.54, 95% CI = 14 ¢ 5.68) andpremature
infants OR =1.86, 95% CI = @9- 3.15). Tachypnoea was also more likely amongst
infantswho were breastfed fof.-4 months, compared to those who were breastfed

for more than4 months(OR =2.06, 95% CI =17 - 3.63).

Wheezing was morkkely amongstinfants who were not breastfe(©OR = B1,

95% CI = 143¢ 2.71), andCaucasiamfants (OR = B5, 95% CI = 10X; 3.80.
Wheezing was alsmore likely amongsinfantswho were born tamothersaged less
than 25to 34-yearsold, compared to thoséorn to mothers aged more than
35yearsold (OR = 1.5, 95% CI = 12 2.66) Infantswho wheezed were more likely
to be deprived toq sinceinfantsbecame 112times less likely tavheezefor every

increase in IMD decil©OR = 1.12, 95% CIl =4.-0.22).
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At 4monthsold, 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 = B9J tMsce,

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 thesanisfvisited 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 tim&sgure29 presents GP and hospital attendance rates

graphically

Number of Attendances to a Healthcare Service at 4-Months-Old
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Figure29: GP andospital attendance rates at-fhonthsold

Visits to a GP for a respiratory problem wenere likelyamongst infants wholived
with other children(OR = 2.53, 95% CI = 1-@&832), infants whoattended nursery
(OR =2.67, 95% CI =7-:5.13) andinfants who shared a bedroof®R = 1.8, 95%
Cl = 1.08 2.84) They were alsmore likely amongstnfants who were not breastfed
(OR =1.98, 95% CI = 1-2199), infants witha cemorbidity (OR = 2.25, 95%

Cl = 12 - 4.23), and infantswhose mother was exposed to ETS during pregnancy
(OR =1.8, 95% CI = 1.263.09).

GP visg weremore likely amongsinfantswith school or vocatioally-educated

mothers, compared to those witlegreeeducated mothergrespectivelyOR = 2.3,
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95% CI = 1.463.84 andOR = 1.92, 95% CI = 1-:1%21). Infants born to mothers aged
25 to 34yearsold were also more likely to visa GR compared to those born to
mothers aged more than 3gearsold (OR = 2.0, 95% CI = 1.083.71) Infantswho
visited a GP, were more likely to be deprived toginceinfantsbecame 112 times

less likely to visit a GP for every increase in IMD decile (OR 903%ZC| = 12- 1.24).

Hospital visitations for a respiratory problem wermre likelyamongst males

(OR = 2.09, 95% CI =2-B.91) twins (OR = 3.57, 95% CI = 1:08.82) and
premature infantOR = 2.8, 95% CI = 1.45%.10) Visits to a hospital weralsomore
likely amongst: infants who wermot breastfed(OR = 3.32, 95% CI =1-&.10),
infants who lived with other childre(OR = 81, 95% CI = 2.0Z.17) andinfants
with a co-morbidity (OR = 3.5, 95% CI = 1.3/6.77) Infants born to mothers agezb
to 34-yearsold were more likely to visit a hospitedo, compared to those born to
mothers aged more than 3gearsold (OR = 2.8, 95% CI = 1.03.69).

At 4-months-old, there was a moderate correlation between total LRSQ score and GP
attendance rate @=0.463, p = <0.001). There was a weak correlation between total
LRSQ score armbspital attendance rate {= 0.300, p = <0.001). These results suggest
the infantswith the most severe respiratory disease, are not necessarily the ones who
are more likely to seek medical assistarfégures30and31 show the correlations

graphically.

Total LRSQ Score vs GP Attendance at 4-Months-Old Total LRSQ Score vs Hospital Attendance at 4-Months-Old

t 4-Months-Old
t 4-Months-Old

Total LRSQ St
Total LRSQ Score a

Number of GP Attendances at 4-Months-Old Number of Hospital Attendances at 4-Months-Old

Figure30: correlation between total LRSQ score andatééhdance rate at 4nonthsold
Figure31: correlationbetween total LRSQ score and hospital attendance ratenabdthsold
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4.5.2 Questionnaire 2: 1:Months-Old

At 10-monthsold, 27.2% (n = 101) of infants attended nursery.

43.0% (n = 160) of infants lived with at least one other dtiltiO-monthsold. 75.6%
(n = 121) lived with only one other, 21.3% (n = 34) lived with two othés%p 20 = 4)

lived with three othersand 0.6% (n = 1) lived with four others.

At 10months-old, 38.7%% (n =144) of infants shared a bedroon79.2% (n = 114)
shared with their parent(s), 16.7% (n = 24) shared with one other child, (b.492)

shared with more than one other child, and 2.8% (n = 4) shared with someone else.

17.5% (n = 65) of infants were exposed to ETS-atdithsold. 4.6% (n = 3) were
exposed to ETS from inside theme,95.4% (n = 62) were exposed EX'S from
outside of the home3.1% (n = 2) were exposed to ETS from inside the &g (n = 1)
were exposed to ETS from within another location (e.g. work) 3aith (n = 2) were

exposed to ETS from elsewhere.

At 10-monthsold, the prevalence of ETS @gure amongsinfantsin the LBBS was not
significantly different to the prevalence of smoking in England in 2014/150.004,

p =0.95 df = 1). Howevert waslower thanprevalence of smoking in Liverpanl
2014/1562=16.31, p = 0.01, df = 1).
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Maternal
(n=55)

Paternal >1 Sibling

(n=54) {n=11)

Eczema Hayfever

(n=37)

(n=31)

At 10-monthsold, 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) Figure32 shows how

familial atopy was interelated at

10-months-old.

Figure32: infants with a family history of atopy, by relative(s) and disease(s),-atdrthsold

8.3% (n = 31) ohfantshada comorbid disease at Hnonthsold. The gastrointestinal

system was the most common-toorbid system at this age, whilst eczema was the

most common cemorbidity overall.Table 19howsthe comorbidities seen at

10-monthsold ¢ as reportal by parents, and grouped according to organ system.

Respiratory
(n=7)

Cardiac
(n=2)

Asthma 3
Bronchomalacia 1

G/ KNBYAO [ dzy3 1
G/ 2yaidlyid 2KS! 1
Laryngomalacia 1

G{ OF NNX ¥ A 52 HzSE « 1
2

Congenital Heart Disease

Type of CeMorbidity Underlying Condition
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Renal Hydronephrosis 1
Vesicoureteral Reflux 1
, . GastreOesophageal Reflux 2
GaSt(r:th)s et Imperforate Anus 1

- Umbilical Hernia 1

Eczema 10

Food Allergy 3

Blood Clotting Disorder 2

Developmental Dysplasia of Hips 1

Tablel9: comorbidities of the LBBS cohort at-anthsold

Measures of central tendency and dispersion for thial LRSQ score, and LRSQ
domain scores, at Xthonthsold are show in Table 20 The distribution of scores are

shown graphically ifigure 3.

e L o T e o
Total Score 4 9 19 114
Domain 1 15
Domain 2 18
Domain 3 20
Domain 4 iV 069 | 155 |
Domain 5 15
Domain 6 9
Domain 7 13
Domain 8 0 0 0 2 14

Table20: descriptive statistics of the total and domain LRSQ scoresmabhéhsold
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Distribution of Total LRSQ Scores at 10-Months-Old Distribution of Domain 1 Scores at 10-Months-Old Distribution of Domain 2 Scores at 10-Months-Old
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Figure33: distribution of total and domain LRSQ scores atnbhithsold

Total LRSQ scores were higher amongst infants who attended nursery (U = 16447,
p = <0.001) or had a aunorbidity (U = 6569, p = 0.004). They were also higher amongst
males (U = 24289, p s002) 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).
Posthoc analysis revealed that infantvith schocleducated mothers scored higher,

compared to those with degree (p = 0.045) or vocatioratlycated mothers

6L T nodnnyovd LG Ffaz2 NBGSI f $darsofdikdoréd Ay T Iy (2
lower, than those born to mothrs under 25yearsold (p = 0.002) or aged 25 to

34-yearsold (p = 0.002).
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Domain 1 scores were higher amongst Caucasian infants (U = 5946, p = 0.035), and
thosewith a comorbidity (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) andemmeal age (H = 15.40, p = <0.001,

df = 2). Poshoc analysis revealed that infants with scheducated mothers scored

higher, compared to those with degree (p = 0.036) or vocatiowmallycated mothers

(p = 0.001). ltalso revealed thst F | yia 02N}y 0 2yeafdldsc@8adB | ISR Xo |
lower than those born to mothers under 3&arsold (p = 0.008), or aged 25 to

34-yearsold (p = <0.001).

Domain 2 scores were higher amongst infants who: attended nurserni{i069,
p = <0.001), lived with other children (U = 25380, p = 0.037), or hagredudity
(U =6662, p =0.005). They were also higher amongst males (U = 23471, p = <0.001).

Domain 3 scores were higher amongdgaints with a family history of atopy
(U = 25425, p = 0.034) or a-cwrbidity (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 differencein 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).
Posthoc analysis revealed that infants with scheducated mothers scored higher

than those with vocationally-educated mothers (p = 0.014). It also revealed that
AYTFlLyGa o02NY G-peardor sckr&Naver,lcanPdred tg thpse born to
mothers under 25/earsold (p = 0.001) or aged 25 to-yéarsold (p = 0.004).

Domain 4 scores werddher amongst infants who: had a-caorbidity (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 ammgst 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).
Posthoc analysis revealed that infants wigbhooteducated mothers scored higher,

compared to those with degree (p = 0.002) or vocatioratlycated mothers

GLI T fsndanam0O® LG Ffaz2 NBJISI fybdsoldisdredl Ay Tl yi
lower than those born to mothers agetb to 34yearsold (p = 0.005).

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).

There were differences in domain 5 score between the different levels of maternal
education (H = 17.04, p = <0.001, df = 2). fhostanalysis revealed that infants with
degreeeducated mothers scored lower, compared to those with school (p = <0dd01)

vocationallyeducated mothers (p = <0.001).

Domain 6 scores were higher amongst infants who attended nursery (U = 19879,

p = 0.012) or had a emorbidity (U = 5190, p = <0.001).

Domain 7 scores were higher amonggants who: attended nursery (U = 18379,
p = <0.001), had a emorbidity (U = 6666, p = 0.002), or lived with other children
(U =24718, p = 0.006). They were also higher amongst Caucasians (U = 5652,
p = 0.00) 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).
Posthoc analysis revealed that infants with sciteducated mothers scored higher

than those with vocationally (p = <0.00dr)degreeeducated mothergp = 0.002). It
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to infants born to mothers under 2gearsold (p =0.039) or aged 25 to 3yearsold
(p = 0.018).

Domain 8 scores were higher amongst infants who were: Caucasian (U = 5313,

LI I ndannudX YIFHES 6! I' HppHcX LI T ndamn0I 02N
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 hadraarbidity (U = 7218,

p = 0.019).

There were differences in domain 8 score between the different lesfetsaternal
education(H = 16.19, p = <0.001, df = 2). Post analysis revealed that infants with
degreeeducated mothers scored lower, compared to those with school (p = 0.002) or

vocationallyeducated mothers (p = <0.001).
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total QoL score §= 0.835, p = <0.001Figure34 shows the correlation graphically. A

higher total LRSQ score is more strongly correlated with a Qoarfor parents, than

with a poor QoL for infants{# 0.817, p = <0.001 vs+0.796, p = <0.001nfants

who regularly suffer with respiratory symptoms, and their parents, therefore

experience a worse QoL.

Total LRSQ Score vs Total QoL Score at 10-Months-Old
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Figure34: correlation between total LRSQ score and total QoL scorermbhéhsold
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93.0% (n = 346) of infants experienced at least one type of respiratory symptom at
10-monthsold. A cold was the most common symptpas it was experienced by

ypoy: oy I ompy 2F AyFlLyliaT y2rae oNBFIKAY
least common symptom, as it was experienced by 16.4% (n = 61) of irffaquise35

demonstrates the prevalence of individual symptoms.

Prevalence of Respiratory Symptoms at 10-Months-Old

Tachypnoea 16.9% (n = 63)
Snoring 64.0% (n = 238)

Shortness of Breath 18.5% (n = 69)

Rattly Chest 42.2% (n = 157)

Noisy Breathing Not From Chest 16.4% (n = 61)

18.8% (n = 70)

Noisy Breathing From Throat

7.0% (n=26)

No Symptoms

78.8% (n = 293)

Cough

85.8% (n = 319)

Cold
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Figure35: prevalence of respiratory symptoms ath@nthsold

Colds were mordikelyamongst infants who attended nurse(@R =2.36, 95%
Cl1=1.09¢5.12), or had a family history of atogpR =2.08 95% CI = 17- 3.71).
Colds were alsmore likely amongsinfantswho were born to mothers age?bsto
34-yearsold, compared to those born to mothers aged more thary@arsold

(OR =.03 95% CI = 8- 3.81).

Coughing was morkelyamongst male$OR =1.76, 95% CI = @7 ¢ 2.90), and infants
who attended nurseryOR =1.93 95% CI = @4 ¢ 3.58).
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There were no risk factors that affected the prevalence of asymptomatic infants, at

10-months-old.

Noisy breathing from the throat was moligely amongst males(OR =1.73 95%

Cl =102 ¢ 2.93, infantswith a comorbidity (OR =.37, 95% CI 2.07¢ 9.25), and
infants whoattended nurseryOR =22.57, 95% CI = 30 ¢ 4.40). Noisy breathing from
the throatwas also more likely amongst infanthio were breastfed folessthan 1
month, compared to those who were breastfed forddmonths(OR = &0, 95%
Cl=1.0811.27)

Noisy breathing that did not come from the chest was mideely amongstinfantswith

a camorbidity (OR 2.57,95% CI = 16- 5.64).

Rattly chests were more likehmongst infants who attended nursef@R =2.39, 95%
Cl = 104 ¢ 3.83), andCaucasiaimfants (OR =3.03 95% CI = 14 ¢ 8.08). Rattly chests
were more likely amongsinfantswith schooleducated motherscompared to those
with degree(OR =1.82, 95% CI = 12 - 2.96) or vocationallyeducatedmothers

(OR =3.08, 95% CI = @6- 5.72). Infants born to mothers agddss than 25/ears-old
were also more likely to snoyeompared to those born to mothers aged more than

35yearsold (OR =2.64, 95%CI = 107 - 6.52).

SOB was morikelyamongst infants who were not breastféd®R =1.81, 95%

Cl = 106 ¢ 3.09), and infants witha comorbidity (OR =2.62 95% Cl =21¢ 5.65. SOB
wasmore likely amongsinfantswith schooleducated mothersgcompared to those
with degee-educatedmothers(OR = 243, 95% CI = 18- 3.78). Infants born to
mothers aged®5 to 34yearsold were also more likely to snareompared to those
born to mothers aged more than 3fearsold (OR =2.23 95%CI = 111-4.47).SOB
was more likely amongst infantgho were breastfed for -4 months compared to

those who were breastfed fdessthan 1 month (OR = 25 95% CI = 1.016.22).
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Snoring was morikelyamongst male$OR =1.75 95% CIl = 15¢ 2.68), andinfants
with a comorbidity (OR =3.22 95%CI = 124 ¢ 8.37).

Tachypnoea was moiikely amongst infants with a emnorbidity (OR .08 95%
Cl=191¢8.7)).

Wheezing was morkkely amongst infantsvith a comorbidity (OR =22.67,

95% CI = 28¢ 5.55), andCaucasiamfants (OR =3.53 95% CI = 121- 11.15).
Wheezing wasnore likely amongsinfantswith schooleducated motherscompared
to those with vocationdy (OR = 2.16, 95% CI = 1-:4700)or degreeeducated
mothers(OR = 2.06, 95% CI = 1-:340) Infants born to mothers agddss than
25-yearsold or 25 to 34yearsold werealsomore likely to wheezecompared to those
born to mothers aged more than 3fearsold (respectivelyOR = 4.8, 95%
Cl=1.2-11.06andOR = 2.15, 95% CI =3:3.76).

At 10months-old, 29.3% (n = 109) of infants werd&ém 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 fimees. 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. Figure36 presents GP and hospitaltendance rates graphically
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Number of Attendances to a Healthcare Service at 10-Months-Old
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Figure36: GP and hospital attendance rates ath@nthsold

Visits to a GP for a respiratory problem wenere likelyamongst prematureinfants

(OR = 2.84, 95% CI = 1-B9), infants with a family history of atog{PR = 1.74, 95%
Cl=1.102.76F Wt 24 0 A NJ(RRS28PR% € = M/4L), yhtadtswho
attended nursery(OR = 2.15, 95% CI =31-3.49), and infants whavere not
breastfed(OR = 1.73, 95% CI = 1-@779. GP visitation was more likely amongst
infantswith schooteducated mothers, compared to those wilegree (OR = 1.85, 95%
Cl=1.1-3.09) or vocationallyeducated mothers (OR 2.13, 95% CI = 1.12.06).
Infantsborn to mothers aged less than 3&arsold (OR = 2.63, 95% CI = 1-@278) or
25 to 34yearsold (OR = 1.87, 95% CI =61.3.32) were also more likely to visit a GP,

compared to those born to mothers aged moteh 35yearsold.

Hospital visitations for a respiratory problem werere likelyamongst infants with a
co-morbidity (OR = 2.Z, 95% CI = 140 7.12), premature infantOR = 2.84, 95%
Cl=1.166.%), andWf 2 g EANKNIOK FHF 3.190,05% Cl = 1-B210) Visits
to a hospital were alsmore likely amongsinfantswith schooteducated mothers,
compared to those with vocationally (OR = 2.89% CI = 1.038.10)or
degreeeducatedmothers(OR = 2.98, 95% CI = 1-3559)
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At 10-monthsold, there was a strong correlation between total LRSQ score and GP
attendance rate @= 0.615, p = <0.00IJhere was a moderate correlation between
total LRSQ score and hospital attendance rate (.401, p = <0.001). These results
suggest thenfantswith the most severe respiratory disease, are slightly more likely to
seek medical assistance from a GP,imttnecessarily from the hospitdfigures37

and 38 show the correlations graphically.

Total LRSQ Score vs GP Attendance at 10-Months-Old Total LRSQ Score vs Hospital A d at 10- -Old

t 10-Months-Old
t 10-Months-Old

Total LRSQ Score a
Total LRSQ Score a

Number of GP Attendances at 10-Months-Old Number of Hospital Attendances at 10-Months-Old

Figure37: correlation between total LRSQ score and GP attendance raterapdthsold
Figure38: correlationbetween total LRSQ score and hospital attendance rate -sndthsold

4.5.3 Questionnaire 3: 1&lonths-Old

At 16monthsold, 51.8% (n = 141) of infants attended nursery.

45.6% (n = 142) of infants lived with at least one other chiéd 16-monthsold. A
technical error with the online questionnaires meant that the number of other

K2dzaSK2f R OKAf RNBY 02dzf RyQi 6S NBLEZ2NISR

At 16monthsold, 33.1% (n = 90) of infants shdra bedroom.71.1% (n = 64) shared
with their parent(s), 23%(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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13.6% (n = 37) of infants were exposedEfdS at 1:6nonthsold. 5.4% (n = 2) were

exposed to ETS from inside the home, 83(8% 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 locatiorg(evork), and 10.8% (n = 4) were

exposed to ETS from elsewhere.

At 16months-old, the prevalence of ETS exposure amoigfaintsin the LBBS was not

significantlydifferent to the prevalence of smoking in England in2a5 6 %= 2.66,

p = 010,df = 1). Howevert waslower thanthe prevalence of smoking in Liverpaol

2014/1562.= 13.43, p = <0.001, df = 1).

Maternal

(n=45)

(n=30)
Paternal 21 Sibling

(n=5)

(n=28) (n=28)

Asthma

(n=15)

(n=15) ’
/ (ﬁ =18)

Eczema Hayfever

(n=11)

(n=33) (n=29)

At 16monthsold, 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 = 8) 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)Figure39 shows how
familial atopy was interelated at
16-months-old.

Figure39: infants with a family history of atopy, by relative(s) atisease(s), at tfonthsold

7.4% (n = 20) ohfantshad a cemorbid disease at éhonths-old. The espiratory

system was the most common-ctoorbid system at this age, whilst eczema was the
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most common cemorbidity overall.Table 21shows the cemorbidities £en at

16-monthsold ¢ as reported by parents, and grouped according to organ system.

Type of CeMorbidity Underlying Condition

Asthma 1

Respiratory

(n=2) d/KN\Ey’)\() [ dzy'3 1

a/ 2yadalya 2KS: 1

Congenital Heart Disease 4
(n=4)

Vesicoureteral Reflux 1

Eczema 9

Food Allergy 2

Club Foot (Talipes Equinovarus) 1

Developmental Dysplasia of Hips 1

Table21: comorbidities of the LBBS cohort-monthsold

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at tfhonthsold are shown ifTable 22 The distribution of scores are

shown graphically ifigure40.

Total Score SN 4 10 21 92
Domain 1 3 12
Domain 2 16
Domain 3 19
Domain 4 12
Domain 5 12
Domain 6 10
Domain 7 12
Domain 8 0 0 0 3 13

Table22: descriptive statistics of the total and domain LRSQ scoresmabhéhsold
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Distribution of Total LRSQ Scores at 16-Months-Old Distribution of Domain 1 Scores at 16-Months-Old Distribution of Domain 2 Scores at 16-Months-Old
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Figure40: distribution of total and domain LRSQores at 18nonthsold

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 nusery (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 analysis revealed that infants living in the
secondmost deprived IMD quintile scored loweammpared to those living in the
most-deprived (p = 0.036), thirchost deprived (p = 0.005), leadéprived (p = 0.005),

and secondeast deprived (p = 0.005) quintiles. Infants living in the roegirived IMD
quintile scored lower than those living in theastdeprived quintile (p = 0.038).
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Domain 1 scores were higher amongst infants who attended nursery (U = 10558,
p = <0.001) and who were not exposed to ETS (U = 5818, p3).0Tbey 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). Rst analysis revealed that infants living in the
secondmost deprivedMD quintile scored lower, compared to those living in the
most-deprived (p = 0.006), thirchost deprived (p = 0.001), leadéprived (p = 0.002),
and secondeast deprived (p = 0.001) quintiles. Infants living in the ruegirived IMD
quintile scored lower than those living in the leasteprived quintile (p = 0.031).

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).

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 nmbsed 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). Pest analysis revealed that infants living in the
secondmost deprived IMD quintile scored lowempmpared to those living in the
third-most deprived (p = 0.001), leagéprived (p = 0.021), and secotehst deprived

(p = 0.001) quintiles. Infants living in the maletprived IMD quintile scored lower than
those living in the thiremost deprived (p = 007) and secontkast deprived quintiles

(p = 0.007).

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
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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 nmatd age (H = 7.08, p = 0.029, df = 2). host

analysis revealed that infants living in the ledsprived IMD quintile scored higher,

compared to those living in the moedeprived (p = 0.005), secosmdost deprived

(p = 0.002), thiredmog deprived (p = 0.016) and secotfehst deprived (p = 0.007)
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lower than infants born to mothers aged 25 to-gdarsold (p = 0.020).

Domain 5 scores were highamongst infants who: had a family history of atopy

(U =12744, p = 0.028), had armorbidity (U = 3220, p = 0.041yere not breastfed

(U =8569, p = 0.020), or lived with other children (U = 12760, p = 0.014). They were
also higher amorgf 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,@4= 2). Poshoc 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).

Domain 6 scores were higher amongst infants who wore born prematusety4301,

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). Rst analysis revealed that infants living in the
leastdeprived IMD quintile scored higher, compared to those living in the
most-deprived (p = 0.039), secowmdost deprived (p = 0.027), and secdedst

deprived (p = 0.019) quintiles. Infants living in the thindst deprived IMD quintile
scoredlower than those living in the secoféast 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).-Rostanalysis 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 fdrrhonths (p = 0.045).

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).

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 = 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).

There was a strong positveNANB f  GA 2y 0S06SSy |y AyFlLyldQa
total QoL score = 0.858, p = <0.001Figure41 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 irdnts (= 0.832, p = <0.001 vs70.818, p = <0.001nfants

who regularly suffer with respiratory symptoms, and their parents, therefore

experience a worse QoL.
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Total LRSQ Score vs Total QoL Score at 16-Months-Old
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Figure4l: correlation between total LRSQ score and tQtal score at t&onthsold

95.6% (n = 256) of infants experienced at least one type of respiratory symptom at
16-monthsold. A cold was the most common symptom, as it was experienced by
91.2% (n = 248) of infants; noisy breathingirthe throat was the least common
symptom, as it was experienced by 16.5% (n = 45) of infeigsre42 demonstrates

the prevalence of individual symptoms.

Prevalence of Respiratory Symptoms at 16-Months-Old

Wheeze 32.4% (n = 88)

Tachypnoea 17.3% (n = 47)
Snoring 56.6% (n = 154)
Shortness of Breath 22.1% (n = 60)
Rattly Chest 43.4% (n = 118)

17.3% (n = 47)

Noisy Breathing Not From Chest

Noisy Breathing From Throat 16.5% (n = 45)

No Symptoms 4.4% (n=12)

Cough 79.4% (n = 216)
Cold 91.2% (n = 248)
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Figure42: prevalence of respiratory symptoms atrhénthsold
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Colds were more likely amongsfants without a cemorbidity (OR =3.21, 95%
Cl=1.1-9.27). Colds were more likely amongst infantho were born to mothers
aged more than 3%eas-old, compared to those born to mothers agedt®334-years
old (OR 3.59 95% CI = 15I- 11.23). Infantswith colds werelesslikely to be deprived
too ¢ sinceinfantsbecame 136times less likely taoughfor every increase in IMD
decile (OR = 36, 95% CI = 19- 1.76).

Coughing was morkely amongst infants who attended nursef@R =3.83 95%
Cl =2.01¢ 7.33. Infantswho coughed werelesslikely to be deprived; sinceinfants
became 119times less likely t@oughfor every increase in IMD decile (OR =9195%

Cl=1.2-136).

Being asymptomatic was more likelgnongst those who had a auoorbidity
(OR=5.1695% CI = 28- 20.92).

Noisy breathing from the throat was moli&ely amongstinfants who attended
nursery(OR 2251, 95% CI = 25¢ 5.05), andprematureinfants (OR =3.27, 95%

ClI = 137 ¢ 7.81). Noisy breathing from the throatas also more likely amongst infants
who were breastfed folessthan 1 month, compared to those who were breastfed for
1-4 months(OR = 4.10, 95% CI =@.-14.52) or for more than 4 months (OR = 2.69,
95% CI = 18- 6.15).

Noisy breathing that did not come from the chest was mideely amongst infants who
attended nursery(OR 22.75, 95% CI = 38¢ 5.51), and prematue infants
(OR =22.57, 95% CI = @6- 6.21).

Rattly chests were more likehmongst male¢OR =1.78, 95% CI = 10- 2.90), and
those who attended nurserfOR = 213, 95% CI = 49- 3.97). Rattly chests weralso
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more likely amongst infant@ho were born to mothers age25to 34-yearsold,
compared to those born to mothers aged more thanygarsold (OR 2.10, 95%
Cl=1.6-379).

There were no risk factors that affiedd the prevalence of SOB, at-honthsold.

Snoring was morgkelyamongst infants who were exposed to HOR 2.88 95%
Cl = 133¢ 6.20), premature infantOR = 27, 95% CI = 28¢ 8.39), infantswhose
mother smoked during pregnan¢®R =4.49 95% CI = 114¢ 14.34), andinfants who
attended nursery(OR =1.81, 95% Cl =11¢ 2.95).

Tachypnoea was moiikely amongstinfantswho attended nurseryOR =2.02, 95%
Cl=1.8¢3.78).

Wheezing wasnore likely amongsinfantswith schooteducated mothers, compared
to those with degredOR = 1.95, 95% CI = 1-:(B/56)or vocationallyeducated
mothers(OR = 3.8 95% CI = 1.487.51). Infantswho were breastfed foless thanl
month were also more likely twheeze compared to those who were breastfed for

more than 4 months (OR = Z,205% CI = 181- 4.36)

At 16months-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 infan@s w
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.Figure43 presents GP and hospital attendance rates graphically
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Number of Attendances to a Healthcare Service at 16-Months-Old
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Figure43: GP and hospital attendance rates atmh@nthsold

Visits to a GP for a respiratory problem wenere likelyamongst infants with a family
history of atopy(OR = 1.80, 95% CI = 1-:(B/04) infants who attended nursery

(OR = 2.7, 95% CI = 1.614.56), and maleOR = 2.29, 95% CI = 1-3784) GP
visitation was also more likely amongst infants with schexhicated mothes,
compared to those witllegree (OR = 2.47, 95% CIl = 1.853) or
vocationallyeducatedmothers(OR = 2.81, 95% CI = 1-3007).

Hospital visitations for a respiratory problem were more likaatyongstinfantswith
schooteducated mothers, compared to those with degregucated mothers

(OR = 3.37, 95% CI = 1.2231)

At 16monthsold, there was a strong correlation between total LRSQ scoreskhd
attendance raters=0.700, p = <0.001). There was a weak correlation between total
LRSQ score and hospital attendance rage 0.326, p = <0.001). These results suggest
the infantswith the most severe respiratory disease, are slightly more likely to seek
medical assistance from a GP, but not necessarily from the hodgpgakes44 and45

show the correlations graphically.
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Total LRSQ Score vs GP Attendance at 16-Months-Old Total LRSQ Score vs Hospital A d at 16-Months-Old

t 16-Months-Old
t 16-Months-Old

Total LRSQ S
Total LRSQ S

Number of GP Attendances at 16-Months-Old Number of Hospital Attendances at 16-Months-Old

Figure44: correlation between total LRSQ score and GP attendance raterabfthsold
Figure45: correlationbetween total LRSQ score and hospital attendance rate-atdiéthsold

4.5.4 Questionnaire 4. 2Months-Old

At 22-months-old, 56.9% (n = 144) of toddlers attended nursery.

48.6% (n = 123)f toddlers lived with at least one other chid 22-months-old. A
technical error with the online questionnaires meant that the number of other

K2dzaSK2f R OKAf RNBY O2dzZ RyQil o6S NBLIZ2NISR

At 22-monthsold, 27.7% (n = 70) of toddlers shared a bedro6t3% (n = 45) shared
with their parent(s), 37.1% (n26) 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.

15.4% (n = 39) of toddlers were exposed to ETS-at@#hsold.5.1% (n = 2) were
exposed to ETS from insitee 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 cafh512p
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were exposed to ETS from within another location (e.g. work), and G E2) 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
02=0.11, p = 0.74, df = 1). Howeviemvaslower thanthe prevalence of smokinig

Liverpoolin 2015/1606 %= 4.73, p = 0.03, df = 1).

At 22-monthsold, 53.0% (n = 134)

of toddlershad a family history of

Maternal y y
(n=46) atopy.

From those with a family history of

atopy: 60.4% (n = 81) had an

atopic mother, 44.8% (n = 60) had

(n=23)

Paternal 21 Sibling

(n=6)

(n=24) (n=23)

an atopic father, and 30.6%
(n = 41) had at least one atopic

sibling.There was a family history

Asthma

(n=21)

(=100 ’
(n=16)

Eczema Hayfever

of: asthma in 50.7% (n = 68) of
these toddlers, hay fever in 51.5%
(n=69), and eczema in 53.7%

(n = 72)Figure46 shows how

familial atopy was interelated at

(n=12)

(n=34) (n=20)

22-months-old.

Figure46: toddlers with a family history of atopy, by relative(s) and disease(s)aio22hsold

13.8% (n = 8) of the toddlers had a emorbid disease at 2thonths-old. The
respiratorysystem was the most common-eoorbid system at this age, whilst eczema
was the most common emorbidity overall.Table23 shows the cemorbidities seen at

22-months-old ¢ as reported by parents, and grouped according to organ system.
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Type of CeMorbidity Underlying Condition

Asthma 6

Respiratory Viratinduced Wheeze 2

(n = 10) Bronchomalacia 1

Laryngomalacia 1

Car_dlac Congenital Heart Disease 3
(n=3)

(Ee:nzil) Vesicoureteral Reflux 1

Nel(Jr:O:IOf)' g Hypotonia 1

Eczema 17

Allergies 3

Club Foot (Talipesquinovarus) 1

Developmental Delay 1

Developmental Dysplasia of Hips 1

Tuberous Sclerosis 1

Table23: comorbidities of the LBBS cohort at-2@nthsold

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at 2thonthsold are shown ifTable24. The distribution of scores are

shown graphically ifigure47.

Total Score SN0 4 8 20 86
Domain 1 3 11
Domain 2 4 13
Domain 3 6 21
Domain 4 1 11
Domain 5 0.5 10
Domain 6 0 9
Domain 7 2 16
Domain 8 0 0 0 3 16

Table24: descriptive statistics of the total and domain LRSQ scoresmabthsold
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Distribution of Total LRSQ Scores at 22-Months-Old Distribution of Domain 1 Scores at 22-Months-Old Distribution of Domain 2 Scores at 22-Months-Old
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Figure47: distribution of total and domain LRSQores at 22nonthsold

Total LRSQ scores were higher amongst toddlers who had: no family history of atopy
(U = 10366, p = 0.020), or no-cwrbidities (U = 5149, p = 0.021). They were also
higher amongt 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). P&t analysis revealed that toddlers with
degreeeducated mothers sged higher, compared to those with vocationally

(p = 0.006) or scho@ducated mothers (p = 0.004).
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Domain 1 scores were higher amongst those toddlers 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 wee differences in domain 1 score between the different levels of maternal
education (H=11.11, p = 0.004, df = 2). Pwst analysis revealed that toddlers with
degreeeducated mothers scored higher, compared to those with vocationally

(p = 0.030) or scho@ducated mothers (p = 0.003).

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 2se between the different levels of maternal
education (H =12.97, p = 0.002, df = 2). st analysis revealed that toddlers with
degreeeducated mothers scored higher, compared to those with vocationally

(p = 0.040) or scho@ducatd mothers (p = 0.001).

Domain 3 scores were higher amongst the toddlers who had no family history of atopy
(U =10478, p = 0.028), or no-cwrbidities (U = 5018, p = 0.011). They were also
higher amongst toddlers who attended nursery (U0487, 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). fast analysis revealed that toddlers with
degreeeducated mothers scored higher, compared to those with vocetily

(p = 0.012) or scho@ducated mothers (p = 0.006).

Domain 4 scores were higher amongst fidaucasian 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). Puat analysis revealed that toddlers with
degreeeducated mothers scored higher than those witlcatonallyeducated
mothers (p = 0.012).

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 noi€aucasian 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). P&t analysis revealed that toddlers with
degreeeducated mothers scored higher, compdrto those with vocationally

(p = 0.012) or scho@ducated mothers (p = 0.002).

At22months2 f R GKSNB 6SNB y2 NRA]l FrFrOli2NB GKI

There were differences in domain 7 sedetween the different levels of maternal
education (H = 13.75, p = 0.001, df = 2). st analysis revealed that toddlers with
degreeeducated mothers scored higher, compared to those with vocationally

(p = 0.001) or scho@ducaed mothers (p = 0.018).

There were differences in domain 8 score between the different levels of maternal
education (H = 10.34, p = 0.006, df = 2). st analysis revealed that toddlers with
degreeeducated mothers scored higher than thoséh vocationallyeducated

mothers (p = 0.002).

CKSNE gFa I adNRy3a LRAAGADBS O2NNBf I GA2Y 0 ¢
total QoL score {= 0.847, p = <0.001Figure48 shows thecorrelation graphically. A

higher total LRSQ score is more strongly correlated with a poor QoL for toddlers, than

with a poor QoL for parentss(* 0.812, p = <0.001 vs70.833, p = <0.00I)oddlers
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who regularly suffer with respiratory symptoms, arekir parents, therefore

experience a worse QoL.

Total LRSQ Score vs Total QoL Score at 22-Months-Old
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|

Total QoL Score at 22-Months-Old
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Total LRSQ Score at 22-Months-Old

Figure48: correlation between total LRSQ score and total QoL scorermbthsold

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

ypodm: oy I HmMcO 2F (2RRfSNBRT y2Aae oOoONBlFIGKAY3
least comma symptom, as it was experienced by 9.0% (n = 23) of toddH&nsre49

demonstrates the prevalence of individual symptoms.
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Prevalence of Respiratory Symptoms at 22-Months-Old

Wheeze 30.6% (n=78)

Tachypnoea 14.1% (n = 36)

Snoring 62.4% (n = 159)

Shortness of Breath 20.8% (n = 53)

38.4% (n = 98)

Rattly Chest

9.0% (n=23)

Noisy Breathing Not From Chest

Noisy Breathing From Throat 15.3% (n = 39)

6.3% (n=16)

No Symptoms

Cough 80.4% (n = 205)

Cold 85.4% (n = 216)
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Figure49: prevalence of respiratory symptoms at2®nthsold

Colds were mordikelyamongst females(OR =2.10 95% CI = @6 ¢ 4.15), singletons
(OR =6.54, 95% CI = 23 ¢ 34.96), toddlerswho attended nurseryOR =2.63 95%

Cl = 129¢ 5.35), andtoddlerswithout a comorbidity (OR =22.36, 95% CI = @9 ¢ 5.11).
Colds were also more likely amongst toddietso were born to mothers aged more
than 35yearsold, compared to those born to mothers agedt®534-yearsold

(OR =2.60, 95% CI = 131 6.03).

Coughing was morgkelyamongst toddlers who attended nursef@R = &9, 95%
Cl =242-5.11), and toddlers without damily history of atopyfOR =1.96, 95%

A = 103- 3.74). Coughing wasore likely amongstoddlerswith degreeeducated
motherstoo, compared to those witlschooleducated mothers (OR =%, 95%
Cl = 148-5.96).

There were differences in the prevalencecolughing amongst the different levels of
YIEGSNY It B=RA&R)p 00023y df ©2). Toddlers with deegdacated

mothers were more likely to cough than those with vocationally or sckdacated
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mothers. Toddlers with vocationalgducated mothersvere more likely to cough than

those withschooleducated mothers too.

Being asymptomatic was more likeynongst toddlers whalid notattend nursery
(OR =3.80,95% CI = 28- 11.33).

There were no risk factors that affected the prevalence of noisy breathing from the

throat, at 22months-old.

There were no risk factors that affected the prevalence of noisy breathing that did not

come from the chestat 22-months-old.

Rattly chests werenore likely amongstioddlerswith degreeeducated mothers,
compared to those witlvocationally(OR =22.31, 95% CI = @7 - 5.01) or
schooteducatedmothers(OR 2.41, 95%CI = 117 - 4.96). Toddlerswho were
breastfed for 34 months were also more likely taave rattly chests;ompared to

those who were breastfed fdessthan 1 month (OR = 2.46, 95% CI = 1.6756).

SOB was morikelyamongst taldlers who attended nurserfOR = &2, 95%
Cl = 128-4.44). SOB was alsmore likely amongstoddlerswith degreeeducated
mothers, compared to those witbchooleducated mothers (OR = 2.495%

Cl=1.175.07).

Snoring was morbékelyamongsttoddlers who attended nurser§OR =1.81, 95%

Cl = 108 ¢ 3.02).

Tachypnoea was molilkelyamongst toddlers who were breastfd®R =3.17, 95%

Cl =1.0¢ 10.0D).
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Wheezing was morkkelyamongst male$OR =1.83, 95% CI = 14Xx; 3.22. Wheezing
was alsanore likely amongstoddlerswith degreeeducated mothers, compared to
those withschooleducated motherOR = 3.29, 95% Cl =2-3.22).

At 22-monthsold, 24.1% (n = 61) of toddlers were taken to their GP for a respiratory
problem. Of these toddlers: 52.5% (n 3 3&ited 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 theseddlers 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.Figure50 presents GP and hospital attendance rates graphically

Number of Attendances to a Healthcare Service at 22-Months-Old
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Figure50: GP and hospital attendance rates ati2®nthsold

Visits to a GP for a respiratory problem wenere likelyamongsttoddlerswith
degreeeducated mothers, compared to those wilshooteducated mothers

(OR =28, 95% CI = 130 5.86).

The rate of hospital attendance for a respiratory problem was not impacted by any of

the risk factors being asssed, at 2Znonths-old.
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At 22monthsold, there was a moderate correlation between total LRSQ score and GP
attendance raters = 0.546, p = <0.001). There was a weak correlation between total
LRSQ score armbspital attendance rater{= 0.291, p = <0.001). These results suggest
the toddlerswith the most severe respiratory disease, are not necessarily the ones
who are more likely to seek medical assistarkiguress1 and52 show the

correlations graphicall

Total LRSQ Score vs GP Attendance at 22-Months-Old Total LRSQ Score vs H ital A at 22- -Old
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Number of GP Attendances at 22-Months-Old Number of Hospital Attendances at 22-Months-Old

Figure51: correlation between total LRSQ score and GP attendance raterap@thsold
Figureb52: correlationbetween total LRSQ score and hospital attendance rate-at@2thsold
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4.5.5 Questionnaire 5: 281onths-Old

At 28monthsold, 67.1% (n = 151) of toddlers attended nursery.

55.1% (n = 124) of toddlers lived with at least one other d@iil2B-monthsold. 81.5%6
(n =101) lived with only one otherl3.®% (n =17) lived with two othersand 4.8%

(n =6) lived with three others

At 28 monthsold, 25.8% (n = 58) of toddlers shared a bedrob’m2% (n = 32) shared
with their parent(s), 46.6% (n = 27) shared with one other child, 1.6% (n = 1) shared

with morethan one other child, and 1.6% (n = 1) shared with someone else.

13.8% (n = 31) of toddlers were exposed to ETS-at@&hsold. 6.5% (n = 2) were
exposed to ETS from inside the home, 87.1% (n = 27) were exposed to ETS from
outside ofthe 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 monthsold, the prevalence of ETS exposure amongst toddlers in the LBBS was
not significantly different tahe prevalence of smoking in England in 2015/16
02=0.97, p = 0.32, df = 1). Howeviervaslower thanthe prevalence of smoking in

Liverpoolin 2015/166 %= 7.05, p = 0.008, df = 1).
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Paternal

(n=23)

Eczema

(n=22)

At 28-months-old, 44.4% (n =100)
of toddlershad a family history of
atopy.

From those with a family history of
atopy. 56.0% (n =56) hadan
atopic mother,44.0% (n =44) had
an atopic father, an®@9.0%

(n =39) had at least one atopic
sibling.Therewas a family history
of: asthma ind6.0% (n =46) of
these toddlers, hay fever i58.0%
(n =58), and eczema i64.0%

(n =54). Figure53 shows how
familial atopy was interelated at

28-months-old.

Figure53: toddlers with a family history of atopy, by relative(s) and disease(s)ain2ghsold

15.1% (n = 34) of the toddlers had aroorbid disease at 2&onthsold. The

respiratorysystem was the most common-eoorbid system athis age, whilst eczema

was the most common emorbidity overall. Table25 shows the cemorbidities seen at

28-monthsold ¢ as reported by parents, and grouped according to organ system.
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Type of CeMorbidity Underlying Condition

Asthma
Respiratory Viratinduced Wheeze
(n=12) Laryngomalacia

Hay Fever

((:r? r:dls)c Congenital Heart Disease

Renal Hydronephrosis
(n=2) Vesicoureteral Reflux
Cerebral Palsy
Neurological Epilepsy
(n=4) Hypotonia
Pilocytic Astrocytoma
Eczema
Allergies
Haemophilia
Autism Spectrum Disorder
Developmental Delay
Developmental Dysplasia of Hips

Tuberous Sclerosis
Table25: comorbidities of the LBBS cohort at-2®nthsold
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Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at 2&onthsold are shown ifTable26. The distribution of scores are

shown graphically ifigure54.

Total Score SN 2 9 17 111
Domain 1 2.5 14
Domain 2 18
Domain 3 21
Domain 4 13
2
Domain 6 10
Domain 7 13
Domain 8 0 1 2 4 14

Table26: descriptive statistics of the total and domain LRSQ scoz&mabnthsold
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Distribution of Total LRSQ Scores at 28-Months-Old Distribution of Domain 1 Scores at 28-Months-Old Distribution of Domain 2 Scores at 28-Months-Old
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Figure54: distribution of total and domain LRSQ scores atm2®ithsold

Total LRSQ scores were higher amongst toddlers with: a family history of atopy
(U=7896,p=0.003),a-¥02 NbARAGE 6! I' omMHMI LI T fndnnamidx
(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 differencem total LRSQ score between the different levels of deprivation
(H = 13.31, p =0.010, df = 4). Post analysis revealed that toddlers living in the
secondmost deprived IMD quintile scored lower, compared to those living in the
most-deprived (p = 0.006 third-most deprived (p = 0.004) and seceledst deprived

(p = 0.016) quintiles. Toddlers living in the ledsprived IMD quintile scored lower
than those living in the thiragnost deprived quintile (p = 0.037).
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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 anavbidity (U= 2886, p = <0.001).

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 hacharbaity
(U = 3406, p = <0.00T)hey werealso higher amongst males (U = 7773, p = 0.001).

Domain 3 scores were higher amongst toddlers who were: male (U = 7698, p = 0.001)

2NJ 02Ny G I Wy2NXIEQ O0ANLIKGSAIKG o I MM
toddlers who: had a cenorbidity (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 = 4A)damaternal age (H = 7.78, p = 0.020, df = 2).-Rost
analysis revealed that toddlers living in the secendst deprived IMD quintile scored
lower, compared to those living in the medéprived (p = 0.015), thirchost deprived

(p = 0.004) and secordag deprived (p = 0.004) quintiles. Those living in the least
deprived quintile scored lower than those in the thimbst deprived (p = 0.013) and
secondleast deprived (p = 0.034) quintiles. It also revealed that toddlers born to
mothers aged less than Aearsold scored higher, compared to toddlers born to

Y2 (i KSNA -yedssSIR(p % @006) and mothers aged 25 teygarsold

(p = 0.019).

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 amorbidity (U = 2980, p = <0.001), or were born at a

Wy 2NX¥IFEfQ 60ANIKGSAIKG 6! Tghenamongdt maldslT ndnmp (

129



(U =8739, p =0.026), and those whose mothers were not exposed to ETS during
pregnancy (U = 3487, p = 0.005)

Domain 5 scores were higher amongst toddlers who were not exposed to ETS

(U =3986p = 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 anworbidity (U = 2954, p = <0.001) was

also associad 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). Rbet analysis revealed that toddlers born to mothers
aged 25 to 34yearsold scored higher than those born toothers aged less than
25yearsold (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). Pehbc analysis rezaled that toddlers who were breastfed fordl
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).

52YFAY ¢ a02NBad ¢SNBE KA IRBNSIs(O=1g68,4 0 Wy 2N¥YI f Q
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 cemorbidity (U = 3893, p = 0.001).

Domain 7 scores were higher amongst those toddlers who: attended nursery
(U =7060, p =0.002), had amorbidity (U = 3080, p = <0.001), or were born at a
Wy 2NXYFfQ 0ANIKESAIKG o! I MHomMXE LI T nodnnmod

There were differencem domain 7 score between the different levels of deprivation
(H =9.54, p =0.049, df = 4). Rbet 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 secentbst deprived (p = 0.009) quintiles.
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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 arawrbidity (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 =RdcPost
andysis revealed that toddlers living in the secemadst deprived IMD quintile scored
lower, compared to those living in the medéprived (p = 0.012), thirchost deprived

(p = 0.016) and secordast deprived (p = 0.033) quintiles. Those living in the
leastdeprived quintile scored lower than those in the thimbst deprived (p = 0.012)
and seconedeast deprived (p = 0.015) quintiles. It also revealed that toddlers born to
mothers aged less than Afearsold scored higher, compared to toddteborn to

Y2 i KSNAE -yedsSI®R(p »x@014) and mothers aged 25 teyazharsold

(p = 0.044).

¢CKSNBE g61Fa I adNRy3a LRaAaAGADS O2NNBf I GA2Y 0 ¢
total QoLscore (5= 0.934, p = <0.001Figure55shows 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{¥ 0.846, p = <0.001 vs+0.801, p = <0.001)oddlers

who regularly suffer with respiratory symptoms, and their parents, therefore

experience a worse QoL.
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Total LRSQ Score vs Total QoL Score at 28-Months-Old

Total QoL Score at 28-Months-Old

T T T T T T T
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Total LRSQ Score at 28-Months-Old

Figure55: correlation between total LRSQ score and total QoL scorerabgésold

89.3% (n = 201) of tallers experienced at least one type of respiratory symptom at
28-monthsold. 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 tagldl Figure56 demonstrates the prevalence of
individual symptoms.

Prevalence of Respiratory Symptoms at 28-Months-Old

Wheeze _ 22.7% (n=51)
Tachypnoea - 12.9% (n=29)
Shortness of Breath - 16.0% (n = 36)
Rattly Chest _ 30.7% (n = 69)
Noisy Breathing Not From Chest - 13.8% (n=31)
Noisy Breathing From Throat - 17.3% (n = 39)
No Symptoms - 10.7% (n = 24)
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Figure56: prevalence of respiratory symptoms at@®nthsold
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Colds were mordikelyamongst toddlers who attended nursef@R =32.23 95% CI =
1.62¢ 6.45). Colds were also more likely amongst toddimsre likely amongst
toddlerswho were born to nothers aged 2%0 34-yearsold, compared to those born

to mothers aged more than 3gearsold (OR = 2.27, 95% CIl 4- 4.70)

Coughing was morkelyamongst males(OR =2.77, 95% CI = 44 ¢ 5.35), toddlers
who attended nursery(OR =2.32, 95% CI = 23 ¢ 4.40), toddlers witha family history

of atopy(OR =3.09, 95% CI = 35¢ 6.15), and toddlers whose mother was exposed to
ETS during pregnan¢®R -8.55 95% Cl =28¢ 57.18.

Being asymptomiic was more likelamongst toddlers who did not attend nursery
(OR =3.89, 95% CI = 54 ¢ 9.86), females(OR 3.52 95% CI = 28¢ 9.68), and twins
(OR = 3.12,95% CI = 12 168.34). Being asymptomatic was alsaore likely amongst
toddlerswho were born to mothers aged more than-§&arsold, compared to those
born to mothers aged 2& 34-yearsold (OR 3.11, 95% CI =17 - 8.28).

Noisy breathing from the throat was moligely amongst toddlers who shared a
bedroom(OR =2.43, 95% CI = 20¢ 4.94), and toddlers witha ceamorbidity
(OR .45 95% Cl 2.01¢ 9.85).

Noisy breathing that did not come from the chest was mideely amongst toddlers
who shared a bedroonfOR 22.32, 95% CI = @8- 5.02), toddlers whose mothers
smoked during pregnand®R =3.40, 95% CI = @9- 10.67), and toddlers with a
co-morbidity (OR =4.34, 95% CI = &7 - 10.06).

Rattly chests were more likehmongst toddlers who attended nursef@R =2.66,
95% CI = 36¢ 5.19), and toddlers witha family history of atopyOR 2.62, 95%

Cl = 146 ¢ 4.70). Rattly chests were alsoore likely amongstoddlerswho were born
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to mothers aged less than 3karsold, compared to those born to mothers ag28
to 34-yearsold (OR = 9.87, 95% CI = 2.23.30) or more than 3%earsold
(OR =11.D 95% CI = 2.4(61.03)

SOB was morikelyamongst toddlers with a family history of ato®R =2.57, 95%
Cl = 122 ¢ 5.45), and toddlers witha camorbidity (OR =3.57, 95% CI = %7 ¢ 8.10).

Snoring wa morelikelyamongst male$OR =1.87, 95% CI = 10¢ 3.18). Snoring was
more likely amongsioddlerswho were born to mothers aged less than-g®arsold,
compared to those born to mothers aged more thanygarsold (OR = 7.5, 95%

Cl =1.1651.65) Toddlers who were breastfed for less than 1 month or for more than
4 monthswere also more kely to snorecompared to those who were breastfed for

1-4 months (respectivelyOR = 4.17, 95% CI = 1:8%.66and OR 2.67, 95%

Cl =118¢6.03

Tachypnoea was moiikely amongsttoddlerswith a comorbidity (OR 22.87, 95%

Cl = 122¢ 6.73. Tachypnoea was also more likely amongst toddlers who were
breastfed forless than 1 month or more than 4 months, compared to those who were
breastfed for 14 months(respectivelyOR = 18.44, 95% CI =11-281.40and

OR =18.53, 95% CI = 1:28%5.9).

Wheezing was morkkely amongst toddlers with a family history of atoflR =2.10,
95% CI = 12¢ 3.91) or aco-morbidity (OR = 33, 95% CI = 85- 8.326)

At 28monthsold, 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 ted)fisi

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 timesFigure57 presents GP and hospital attendance rageaphically
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Number of Attendances to a Healthcare Service at 28-Months-Old

6+ = GP
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Figure57: GP and hospital attendance rates ati2®nthsold

Visits to a GP for a respiratory problem wenere likelyamongst toddlers wh a
co-morbidity (OR = 3.80, 95% CI =4.-B.33), toddlers with a family history of atopy
(OR = 2.15, 95% CI = 1-@827) and toddlers wio did not live with other chdren
(OR =.00 95% CI = 13 8.28)

Hospital visitations for a respiratory problem wermre likely amongstoddlerswith a
co-morbidity (OR = 8.49, 95% CIl =2-32.69) andtoddlerswho shared a bedroom
(OR =8.05, 95% CI = 18- 36.42).

At 28 monthsold, there was a moderate correlation between total LRSQ score and GP
attendance raters= 0.470, p = <0.001). There was a weak correlation between total
LRSQ scerand hospital attendance ratesE 0.285, p = <0.001). These results suggest
the toddlerswith the most severe respiratory disease, are not necessarily the ones
who are more likely to seek medical assistarkiguress8 and59 show the

correlations grapleally.
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Total LRSQ Score vs GP Attendance at 28-Months-Old Total LRSQ Score vs Hospital A d at 28-Months-Old

Total LRSQ Score at 28-Months-Old
Total LRSQ Score at 28-Months-Old

Number of GP Attendances at 28-Months-Old Number of Hospital Attendances at 28-Months-Old

Figure58: correlation between total LRSQ score and GP attendance raterab@sold
Figure59: correlationbetween total LRSQ score and hospital attendance rate-at@&hsold

4.5.6 Questionnaire 6: 3Months-Old

At 34monthsold, 74.3% (n = 171) of toddlers attended nursery.

53.0% (n = 122) of toddlers lived with at least one other d@itilBd-monthsold. 78.7%%6
(n =96) lived with only one otherl6.4% (n =20) lived with two others4.1% (n =5)

lived with three others, and 8% (n = 1) lived witfour others.

At 34monthsold, 27.8% (n = 64) of toddlers shared a bedrobin6% (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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16.1% (n = 37) of toddlers were exposed to ETS-at@4thsold. 9.5% (n = 4) were
exposed to ETS from inside the home, 91(8% 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) wee exposed to ETS from within another location (e.g. work).

At 34monthsold, the prevalence of ETS exposure amongst toddlers in the LBBS was
y20 aA3AYyAFAOIyGfe RAFFSNBY(G (2 28aKI8, LINBOI f ¢
p=0.71, df = 1) oAL@ S NJ2}2 @20, p & 0.66, df = 1) in 2016/17.

At 34monthsold, 46.5% (n = 107)

f lersh family hi f
Maternal of toddlershad a family history o

(n=23) atopy.
From those with a family history of

atopy: 50.5% (n = 54) had an

(n=17)
(“ ='M \

Paternal 21 Sibling atopic mother, 52.3% (n = 56) had

(n=4)

(n=31) (n=18)

an atopic father, and 33.6%

(n = 36) had at least one atopic
sibling. There was a family history
of: asthma in 4@% (n = 43) of
(=) these toddlers, hay fever in 69.2%
(n=74), and eczema in 52.3%

(n=2)

(n = 56) Figure60 shows how

Eczema familial atopy was interelated at

(n=20) fo=a} (n=25)

34-months-old.

Figure60: toddlers with a family history of atopy, by relative(s) and disease(s) ktoddhsold

12.6% (n = 29) of the toddlers had aroorbid disease at 34nonths-old. The

respiratorysystem was the most common-coorbid system at this age, whilst eczema
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was the most common emorbidity overall.Table27 shows the cemorbidities seen at

34-monthsold ¢ as reported by parents, and groupadcording to organ system.

Type of CeMorbidity Underlying Condition

: Asthma 6

Resp_lratory Viratinduced Wheeze 2
(n=10)

Hay Fever 1

C(:r?r:dlg)c Congenital Heart Disease 2

Renal Hydronephrosis 1

(n=2) Vesicoureteral Reflux 1

Nel(Jr:O:IOf)' g Cerebral Palsy 1

Eczema 10

Allergies 6

Club Foot (Talipes Equinovarus) 1

526y Qa {@YRNRYS 1

Metatarsus Varus 1

Pes Planus 1

Tuberous Sclerosis 1

Table27: comorbidities of the LBBS cohort at-8¥nthsold

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at 3thonthsold are shown ifTable28. The distribution of scores are

shown graphically ifigure61.
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Table28: descriptive statistics of the total and domain LRSQ scoi&érabnthsold

Total Score
Domain 1
Domain 2
Domain 3
Domain 4

Domain 5
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Distribution of Total LRSQ Scores at 34-Months-Old Distribution of Domain 1 Scores at 34-Months-Old Distribution of Domain 2 Scores at 34-Months-Old
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Figure61: distribution of total and domain LRSQ scores at®hthsold

Total LRSQ scores were higher amongst toddlers who wereCaanasian (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-anoobidity (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 =R@cPost
analyss revealed that toddlers living in the medéprived IMD quintile scored higher,
compared to those living in the leadeprived (p = 0.013) and secombst deprived

(p = 0.005) quintiles. Those living in the thmst deprived IMD quintile scored higher

139



than those in the mostleprived (p = 0.027) quintile. It also revealed that toddlers born
to mothers aged less than 3arsold scored higher, compared to toddlers born to
Y2 i KSNRE -yedsSIR(p % @004) and mothers aged 25 teyazharsold

(p = 0.010).

Domain 1 scores were higher amongst toddlers whose mothers did not smoke during
pregnancy (U = 2502, p = 0.023), as well as@amncasians (U = 1830, 0.620). They
were also higher amongst toddlers who: attended nursery (U = 5997, p = <0.001), had
a comorbidity (U = 3289, p = 0.009), or did not live with other children (U = 8829,

p = 0.002).

There were differences in domain 1 score betwebe different levels of deprivation
(H = 10.90, p = 0.028, df = 4). Post analysis revealed that toddlers living in the
leastdeprived IMD quintile scored lower, compared to those living in the
leastdeprived (p = 0.014) and ¢hthird-most deprived (p = 0.040) quintiles. Toddlers
living in the seconanost deprived IMD quintile scored lower than those living in the

most-deprived quintile (p = 0.017).

Domain 2 scores were higher amongst foaucasian toddlers (U = 1176 = 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 betweka tlifferent levels of maternal age
(H =12.16, p = 0.002, df = 2). Rlst analysis revealed that toddlers born to mothers
aged less than 2gearsold scored higher, compared to toddlers born to mothers aged

X o-yearsold (p = <0.001) and mothers agedt@334-yearsold (p = 0.003).

Domain 3 scores were higher amongst toddlers who were: male (U = 8761, p = 0.002),
02Ny 4 | Wy2NXIEQ O0ANIKSGgSAIKG o! ' dnpx LI
p = 0.038). They were albigher amongst those who: attended nursery (U = 5951,
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p = <0.001), or had a enorbidity (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 diffeences 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 =-Bhd°ost

analysis revealed that toddlers living in the secandst deprived IMD quintile scored

lower, compaed to those living in the mosdeprived (p = 0.026) and thihost

deprived (p = 0.022) quintiles. Those living in the lelegirived IMD quintile scored

lower than those living in the mosteprived (p = 0.044) and thichost deprived

(p =0.032) quintiles. It also revealed that toddlers born to mothers aged less than

25years2 f R 4 02NBR KAIKSNE O2VYLI NBR -yéagsoldi 2 RRt SN
(p = 0.003) and mothers aged 25 toBdarsold (p = 0.007).

Domain4 scores were higher amongst toddlers who: attended nursery (U = 6407,
p = <0.001), had a emorbidity (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 werdlifferences in domain 4 score between the different levels of deprivation

(H =11.34, p = 0.023, df = 4). Rst analysis revealed that toddlers living in the
most-deprived IMD quintile scored higher, compared to those living in the
leastdeprived (p = 0.035) and the secentbst 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):-Heasanalysis
revealedthat toddlers who were breastfed for-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).

Domain 5 scores were higher amongst breastfed toddlers (U = 6278.,004), and
toddlers who: had a cenorbidity (U = 3430, p = 0.006), attended nursery (U = 7087,
p = 0.003)pr did not live with other children (U = 9357, p = 0.004).

There were differences in domain 5 score amongst breastfed toddlers, depeodi

how long they were breastfed for (H = 22.35, p = <0.001, df = 2}hBosinalysis
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revealed that toddlers who were breastfed fo4dlmonths 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.

Domain 6 scores were higher amongst toddlers who: had@madbidity (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.@47% 2). Poshoc 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).

Domain 7 scores were higher amongst toddlers who: hadmadbidity (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).

Domain 8 scores were higher amongst toddlels: 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 male@J = 9028, p = 0.006), n@aucasians (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 =Rhsthoc analysis revealed that toddlers born to

mothers aged less than Afearsold scored higher, compared to toddlers born to

Y2 0KSNE -yedsSI®(p % <0®01) and mothers aged 25 tey@éarsold

(p = <0.001).

CKSNE glFa | adNRy3a LRaAaAGADS O2NNBfFGAZ2Y
total QoL score = 0.912, p = <0.001Figure62 shows the correlation graphically. A
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higher total LRSQ score is more strongly correlatet eipoor QoL for parents, than
with a poor QoL for toddlersg¥ 0.833, p = <0.001 vsr0.764, p = <0.001)oddlers
who regularly suffer with respiratory symptoms, and their parents, therefore

experience a worse QoL.

Total LRSQ Score vs Total QoL Score at 34-Months-Old

Total QoL Score at 34-Months-Old
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Figure62: correlation between total LRSQ score and total QoL scorerab8thsold
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93.0% (n = 214) of toddlers experienced at least one type of respiratory symptom at

34-monthsold. A cold was the most comma@ymptom, as it was experienced by

yoodp: oy I MdpHU 2F (2RRfSNBRT y2Aaeée oOoNBIFGKAY3
least common symptom, as it was experienced by 10.4% (n = 24) of todedtprse63

demonstrates the prevalence of individual symptoms.

Prevalence of Respiratory Symptoms at 34-Months-Old

Wheeze 25.2% (n = 58)
Tachypnoea 13.0% (n = 30)
Snoring 60.4% (n = 139)
Shortness of Breath - 19.1% (n = 44)
Rattly Chest 36.5% (n = 84)

Noisy Breathing Not From Chest 10.4% (n = 24)

Noisy Breathing From Throat 15.2% (n = 35)

No Symptoms 7.0% (n=16)

Cough 81.3% (n=187)

Cold 83.5% (n = 192)
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Figure63: prevalence of respiratory symptoms ati@nthsold

Colds were moréikelyamongst¥y 2 N | £ otaddI&rs{QRSH\13 85860
Cl = 118¢ 22.34), and toddlers whose mother did not smoke during pregnancy
(OR =5.31, 95% CI 2.04¢ 13.78.

Coughing was morikely amongst toddlers whattended nursery(OR =2.67, 95%
Cl = 133¢ 5.35), or did not live with other childre(OR =2.18 95% CI = Q9 ¢ 4.39).

Being asymptomatic was more likélyy 2 y 344 oNBFaG§FSR G2RRf SNBR oL

Exact Test).

144



Asymptomatic toddlerswerelesslikely to be deprived; sincetoddlersbecame 123
timesmore likely tobe asymptomatidor every increase in IMD decile (OR 23195%

Cl = 102- 1.50).

Noisy breathing from the throat was moli&ely amongst toddlers who had not been
exposed to ET®R 5.28 95% CI = @8¢ 25.95. Noisy breathing from the throawvas
also more likely amongsbddlerswho were breastfed fofl-4 months compared to

those who were breastfed fdessthan 1 month (OR =6.02, 95% CI = 1&- 28.29)

Noisy breathing that did not come from the chest was migeely amongst toddlers
with a comorbidity (OR =2.46, 95% CI = @2-5.93), and toddlers whalid not live
with other children(OR =2.95, 95% CI = @8- 8.06).

Rattly chests were more likehmongst toddlers who attended nursef@R = 3.8,
95% CI = 88-7.75).

SOB was morikelyamongst toddlers whalid not live with other childrefOR =3.77,
95% CI = 86- 7.66), and toddlers whattended nursery(OR =2.75 95%

Cl = 115-6.52). SOB was alsmore likely amongstoddlerswho were born to mothers
aged less than 2gearsold, compared to those born to mothers agef to
34-yearsold (OR = 3.28, 95% CIl =2-D.64)or more than 35yearsold (OR = 4.73,
95% CI = 1.3816.22)

Snorhg was mordikelyamongst toddlers who attended nursef@R =2.01, 95%

Cl = 112 ¢ 3.60) ortoddlers whodid not live with other childreffOR =1.82, 95%

Cl = 106- 3.11). Snoring was alsmore likely amongsioddlerswho were born to
mothers aged less than Afearsold, compared to those born to mothers aged more
than 35yearsold (OR = 4.0, 95% CI = 170 15.03)
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Tachypnoea was moiikely amongsttoddlers with a cemorbidity (OR =3.82, 95%
Cl = 155-9.43), andtoddlers who did not live with other childref©OR =2.78 95%
Cl = 126-6.15).

Wheezing was morkkely amongst males(OR =1.89 95% CI = 150 3.41), toddlers
who shared a bedroonfOR =1.99 95% CI = 170 3.68), toddlers whoattended
nursery(OR =3.47, 95% CI = 84 - 7.82), toddlers with aco-morbidity (OR = 24, 95%
Cl = 1.2 ¢ 5.36), andtoddlers who did not live with other childref®R = 23, 95%

Cl = 122- 4.08). Wheezing was alsmore likely amongstoddlerswho were born to
mothers aged less than Afearsold, compared to those born to mothers aged more
than 35yearsold (OR .448, 95% CIl = 1.4273.865)

At 34months-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) visitedtice, 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) vided four times.Figure64 presents GP and hospital attendance rates

graphically
Number of Attendances to a Healthcare Service at 34-Months-Old
6+ = GP
8 Hospital
e °m
©
g 4l
=
= 5>
o
5 2
g —
E 1 e
pd
. ]
[ I I I I 1
0 20 40 60 80 100

% of Children

Figure64: GP and hospital attendance rates ati@nthsold
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Visits to a GP for a respiratory problem wenere likelyamongst toddlers whohad a
family history of atopy{OR = 2.8, 95% CI = 1.098.80), toddlers whodid not live with
other children(OR = 2.93, 95% CI = 1-%264) and toddlers whavere not breastfed
(OR = 2.3, 95% CI = 1.1:84.55) GP visitation was more likely amongstidlerswith
vocationallyeducated mothers, compared to those widlegreeeduated mothers
(OR =25, 95% CI = 13> 5.29) Toddlersborn to mothers aged less than 3&arsold
were also more likely to visit a GP, compared to those born to mothers aged 25 to
34-yearsold (OR = 2.3, 95% CI = 170 8.22)or more than 35yearsold (OR = 4.8,
95% CI = 1%- 15.43)

Hospital visitations for a respiratory problem wermre likelyamongst toddlers who
shared a bedroonfOR = 2.96, 95% CI =2-®.65), and toddlers whalid not live with
other children(OR = 3.77, 95% CI = 1:(063.34)

At 34monthsold, there was a strong correlation between total LRSQ score and GP
attendance raters= 0.601, p = <0.001). There was a weak correlation betweah tot
LRSQ score and hospital attendance rage 0.357, p = <0.001). These results suggest
the toddlerswith the most severe respiratory disease, are slightly more likely to seek
medical assistance from a GP, but not necessarily from the hodggakess5and 66

show the correlations graphically.

Total LRSQ Score vs GP Attendance at 34-Months-Old Total LRSQ Score vs Hospital Attendance at 34-Months-Old

it 34-Months-Old
it 34-Months-Old

Total LRSQ S
Total LRSQ S

Number of GP Attendances at 34-Months-Old Number of Hospital Attendances at 34-Months-Old

Figure65: correlation between total LRSQ score and GP attendance raterab8thsold
Figure66: correlationbetween total LRSQ score and hospital atteneéanate at 34monthsold
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4.5.7 Questionnaire 7: 4Months-Old

At 40-monthsold, 89.8% (n = 193) of children attended nursery.

64.2% (n = 138) of children lived with at least otteer childat 40months-old. 78.8%
(n = DY) lived with only one otherl6.8% (n =23) lived with two others2.9% (n =)
lived with three others, @% (n = 1) lived with four otherand 07% (n = 1) lived with

five others.

At 40months-old, 26.5% (n = 57f children shared a bedroor26.3% (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.

13.0% (n = 28) of children were exposedElS at 4nonthsold. 7.1% (n = 2) were
exposed to ETS from inside the home, 96(A% 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 anothertioca(e.g. work).

At 40-months-old, the prevalence of ETS exposure amongst children in the LBBS was

y2i ar3yAFTAOrydte RAFFSENBy( (2 26K®S, LINBOSHE SyC
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At 40monthsold, 52.6% (n = 113)
of childrenhad a family history of
atopy.

From those with a family history of

atopy: 49.6% (n = 56) had an

Paternal atopic mother, 45.1% (n = 51) had
o= an atopic father, and 38.9%

(n = 44) had at least one atopic
sibling. There was a family history
of: asthmain 48.7% (n = 55) of
these children, hay fever in 56.6%
(n =64), and eczema in 53.1%

(n = 60) Figure67 shows how

Eczema familial atopy was interelated at

(n=24)

40-months-old.

Figure67: children with a family history of atopy, by relative(s) and disease(s)@ofthsold

16.7% (n = 36) of the children had aroorbid disease a#t0-months-old. The
respiratorysystem was the most common-goorbid system at this age, whilst eczema
was the most common emorbidity overall. Table29 shows the cemorbidities seen at

40-months-old ¢ as reported by parents, and grouped aatiog to organ system.
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Type of CeMorbidity Underlying Condition Frequency
Asthma
Hay Fever
Laryngomalacia
Sleep Apnoea
Virakinduced Wheeze

%r?r:d'gl)c Congenital Heart Disease

Cerebral Palsy
Neurological Epilepsy

(n=4) Hypotonia
Spinal Muscular Atrophy

GaSt{r‘]"zti)S“”a' ¢2RRE SNRA 5AL |

Eczema
Allergies
Haemophilia
Autism Spectrum Disorder
Developmental Dysplasia of Hips
5 2 ¢ ysyhdrome (Trisomy 21)
Tuberous Sclerosis
+2y 2 Aff S0NF YRS
Table29: comorbidities of the LBBS cohort at-A®nthsold

\'

Respiratory
(n=12)
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Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at 4honthsold are shown ifTable30. The distribution of scores are

shown graphically iFigure68.

Total Score SN0 3 7 14 67
Domain 1 12
Domain 2 13
Domain 3 18
Domain 4 12
T oss |15
Domain 6 10
Domain 7 12
Domain 8 0 1 2 4 11

Table30: descriptive statistics of the total and domain LRSQ scoresmab#thsold
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Distribution of Total LRSQ Scores at 40-Months-Old Distribution of Domain 1 Scores at 40-Months-Old Distribution of Domain 2 Scores at 40-Months-Old
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Figure68: distribution of total and domain LRSQores at 4dnonthsold

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 histaiypyf

(U =4689, p =<0.001), or had amorbidity (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 6.012, df = 4) and maternal age (H = 12.81, p = 0.002, df = 2hdost
analysis revealed that children living in the seconadst deprived IMD quintile scored
lower, compared to those living in the medéprived (p = 0.005) and secciehst

deprived (p #0.017) quintiles. Children living in the thindost deprived quintile scored

lower than those in the secongast deprived (p = 0.050) quintile. It also revealed that
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OKAf RNBY 02Ny dyearsdidsioked Ider, dcoBarRd tokobildren born
to mothers aged less than Afearsold (p = 0.013) or aged 25 to-§éarsold
(p = 0.001).

Domain 1 scores were higher amongst males (U = 5486, p = 0.024), and thage who
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), hadnadndity

(U =2962, p =<0.001), or had a family history of atopy (U = 5037.00%).

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):-Heasanalysis

revealed that children who were breastfed for less than 1 month scored lower,
compaed to those who were breastfed ford months (p = 0.011) or for more than 4

months (p = 0.007).

Domain 2 scores were higher amongst children who: were exposed to ETS (U = 2740,
p = 0.008), had a family history of atopy (U = 4§¥2 <0.001), attended nursery (U =
1316, p = 0.001), or had a-cworbidity (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). Rhet analysis revealed that chiér born to mothers
| 3 S R-yesmrsoftl scored lower, compared to children born to mothers aged less than

25-yearsold (p = 0.043) or aged 25 to-§éarsold (p = 0.026).

Domain 3 scores were higher amongst males (U = 4785, p = <0.001). Thelswer
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 dejonivat
(H=12.29, p =0.015, df = 4) and maternal age (H = 16.74, p = <0.001, df =l&)cPost

analysis revealed thathilldrenliving in the mostdeprived IMD quintile scored higher
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than those living in the seconaiost deprived quintile (p = 0.004). It alsevealed that
childrend 2 Ny (2 Y 2 (-ye&dol scbreti3oRer,xampared to children born
to mothers aged less than 3arsold (p = 0.019) or aged 25 to-$éarsold

(p = <0.001).

Domain 4 scores were highamongst the children with: a family history of atopy
(U = 5225, p =0.001), or a-owrbidity (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). Rhet analysis revealed that children born to mothers
I 3 S R-yesmrsofnl scored lower, compared tchildrenborn to mothers aged less than

25-yearsold (p = 0.008) or aged 25 to-§éarsold (p = 0.035).

Domain 5 scores were higher amongstditgh who: had a family history of atopy
(U =5130, p =0.001), had amorbidity (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). P¢sic analysis revealed that children born to mothers
I 3 S R-yesmrsofd scored lower than children born to mothers aged less than

25-yearsold (p = 0.007).

Domain 6 scores were higher amonghktldren who: shared a bedroom (U = 4648,
p = 0.010), had a emorbidity (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).

Domain 7 scores were higher amongst children who: attended nursery (U = 1660,

p = 0.015), or had a emorbidity (U = 2974, p = <0.001).

There were differences in domain 7 score between the different levels of maternal age

(H = 1046, p = 0.005, df = 2). Pasbc analysis revealed that children born to mothers
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I 3 S R-yesrsofnl scored lower, compared tchildrenborn to mothers aged less than
25-yearsold (p = 0.031) or aged 25 to-§éarsold (p = <0.001).

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 smokedluring 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 cemorbidity (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 =RycPost
analysis revealed thathildrenliving in the mostdeprived IMD quintile scored higher
than those living in the secontiost deprived quintile (p = 0.002). It also revealed that
childrend 2 Ny (2 Y 2 (-ye&dol scbrel3oRer,xampared to children born
to mothers aged lesthan 25yearsold (p = 0.031) or aged 25 to-$éarsold

(p = <0.001).

CKSNBE gla | adNRy3a LRaAaAGADGS O2NNBf I GA2Yy 0S8
total QoL score §= 0.907, p = <0.001Figure69 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 childrengx 0.805, p = <0.001 vs=0.745, p = <0.001). Children

who regulaly suffer with respiratory symptoms, and their parents, therefore

experience a worse QoL.
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Total LRSQ Score vs Total QoL Score at 40-Months-Old

Total QoL Score at 40-Months-Old

T T T T T T T
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Total LRSQ Score at 40-Months-Old

Figure69: correlation between total LRSQ score and total QoL scorerab#dthsold

92.6% (n = 199) of children expnced at least one type of respiratory symptom at

40-monthsold. A cold was the most common symptom, as it was experienced by

ymMmodz oy ' MTcO 2F OKAfRNBYT Gl OKeLlyz2St

chest were the least common symptoms, bey were both experienced by 7.4%

(n = 16) of childrerigure70 demonstrates the prevalence of individual symptoms.
Prevalence of Respiratory Symptoms at 40-Months-Old

Wheeze 25.6% (n = 55)

7.4% (n= 16)

Tachypnoea

Snoring 56.3% (n = 121)

Shortness of Breath 21.4% (n = 46)

Rattly Chest 27.0% (n=58)

7.4% (n= 16)

Noisy Breathing Not From Chest

10.7% (n = 23)

Noisy Breathing From Throat

No Symptoms 7.4% (n=16)
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Figure70: prevalence of respiratory symptoms atd@nthsold
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Colds were mordikelyamongst children whose mother was exposed to ETS during
pregnancy(OR =8.24, 95% CI = 12 ¢ 60.55, males (OR =2.35 95% Cl =@4 ¢ 5.27),
singletong OR =15.74 95% CI = 87 ¢ 132.26, and childrerborn at term(OR =4.33
95% CI = 49¢ 12.59. Colds weramore likely amongst children who were born to
mothers aged 2%0 35yearsold, compared to those born to mothers aged more than
35yearsold (OR #4.68, 95% CI = 98 11.63) Childrerwho were breastfed fomore
than 4 months were also more likely taave coldscompared to those who were

breastfed forlessthan 1 month (OR = 3.15, 95% CI =2:38.14)

Coughing was morkelyamongs: males(OR =3.69, 95% CI = @2 ¢ 8.41), children
born at term(OR =2.98 95% CI = @2 ¢ 8.70), andchildren whoattended nursery

(OR =3.38 95% CI =26 ¢ 9.05. Coughing was alsmore likely amongst children who
were born to mothers aged 26 34-yearsold, compared to those born to mothers

aged more than 3%earsold (OR =2.30 95% Cl =Q7¢ 4.92).

Being asymptomatic was more likelgnongst Wt 2 ¢ 0 A NHidea(OR 3.86]1 Q
95% CI = 31 ¢ 21.07), andtwins (OR =16.84 95% CI 2.33¢ 121.77. Being
asymptomatic was more likely amongstildren who were born to mothers aged &b
34-yearsold, compared to those born to mothers aged more thary@arsold

(OR =.68 95% CI = 89¢ 11.63. Childrenwho were breastfed foltess thanl month
were also more likely tbe asymptomaticcompared to those who were breastfed for
more than 4 months (OR = 8,205% CI| = 1.2122.37)

Noisy breathing from the throat veamorelikelyamongst children who shared a
bedroom(OR 22.89, 95% CI = 12X; 6.82), and children whavere not breastfed
(OR =22.63 95%Cl = 111 ¢ 6.27).
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Noisy breathing that did not come from the chest was mideely amongst children
who had a cemorbidity (OR =6.39, 95% CI 2.45- 16.69), and children whavere not
breastfed(OR =2.95, 95% CI = 16- 7.54).

Rattly chests were morigkely amongst males(OR =2.26, 95% CI = 25-4.07),
childrenwith a family history of atopyOR 22.43, 95% CI = 33- 4.45), children who
attended nurseryOR =5.99, 95% CI = 141- 31.57), and children witha comorbidity
(OR = 36, 95% CIl =84 - 7.28).

SOB was morikelyamongst childrenwho were not breastfeqOR =2.28 95%

Cl =1.17¢ 4.44), and children witla comorbidity (OR =.41, 95% CI 2.17¢ 8.94).
SOB wasore likely amongst children whaeere born to mothers aged 26
34-yearsold, compared to those born to mothers aged more thary@arsold

(OR = 3.05, 95% CI = 1-2641) Childrerwho were breastfed for -4 months were
also more likely td(have SOBcompared to those who were breastfed flssthan 1
month (OR = 4.45, 95% CIl =61.25.75).

Snoring was morgkelyamongst childrewhose mothers were exposed to ETS during
pregnancy(OR =3.20, 95% CI £.42¢ 7.23), and childremho were exposed to ETS
(OR =.64, 95% CI £.80¢ 11.96)

Tachypnoea was moiiékelyamongst children whavere not breastfedOR =3.76, 95%
CI =1.40¢ 10.07), and children witha comorbidity (OR =4.33 95% CI £.60¢ 11.73).
Tachypnoea was alsoore likely amongst children witbchooteducated mothers,

compared to those with degreeducated mothers (OR = 5.48, 95% CI = 11879)

Wheezing was morkkelyamongst children with a family history of atofR =2.29,
95% CI = 26¢ 4.17), and children witha comorbidity (OR 5.47, 95%

Cl1 =2.70¢ 11.10. Wheezing wasnore likely amongst children who were born to
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mothers aged 2%0 34-yearsold, compared to thoséorn to mothers aged more than
35yearsold (OR = 2.8, 95% CI = 1.36.33) Childrenwho were breastfed for 4
months were also more likely twheeze compared to those who were breastfed for
lessthan 1 month (OR = 2.82, 95% CI =2:7.85) or for nore than 4 months

(OR = 2.55, 95% CI =3.:%.22) Childrenwho wheezed were more likely to be
deprived toog sincechildrenbecame 115times less likely tavheezefor every

increase in IMD decil@®©OR = 1.5, 95% CI = 1.01.33).

At 40monthsold, 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) visitedifives. 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 tRigere71 presents GP

and hospital attendance rates graphically

Number of Attendances to a Healthcare Service at 40-Months-Old
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Figure71: GP and hospital attendance rates at#@nthsold

Visits to a GP for a respiratory problem wenere likelyamongst children with a
co-morbidity (OR = 3.61, 95% CI = 1:8729) GP visitation was more likely amongst
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children who were born to mothers aged less thany2arsold, compared to those
born to mothers aged 25 to 3fearsold (OR = 4.49, 95% CI = 1-aB.79). Children
who were breastfed for -4 months were also more likely to visit a GP, compared to
those who were breastfed fdess than 1 month (OR = 16,85% CI = 2.54106.40)

or more than 4 monthgOR = 3.8, 95% CI = 1.35.9%4).

Hospital visitations for a respiratory problem wermre likelyamongstfemales
(OR =.19 95% CI = 16> 16.61), and childrenwith a comorbidity (OR = 6.3, 95%
Cl =2.0919.39)

At 40monthsold, there was a moderate correlation between total LRSQ score and GP
attendance raters= 0.526, p = <0.001). There was a weak correlation between total
LRSQ score and hospiglendance raters= 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 assistarkigures72 and 73 show the

correlations graphically.

Total LRSQ Score vs GP Attendance at 40-Months-Old Total LRSQ Score vs Hospital Attendance at 40-Months-Old

t 40-Months-Old
t 40-Months-Old

Total LRSQ S
Total LRSQ S

Number of GP Attendances at 40-Months-Old Number of Hospital Attendances at 40-Months-Old

Figue 72: correlation between total LRSQ score and GP attendance raterapAthsold
Figure73: correlationbetween total LRSQ score and hospital attendance rate-at@iithsold
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4.5.8 Questionnaire 8: 481onths-Old

At 46monthsold, 98.4% (n = 246) of children attended nursery.

68.8% (n = 155) of children lived with at least one other d@tidb-monthsold. 73.8%
(n = 27) lived with only one other21.5% (n = 3) lived with two others4.1% (n =7)

lived with three others, and 0.6% (n = 1) lived with four others.

At 46months-old, 32.4% (n = 81) of children shared a bedro8&13% (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.

16.4% (n = 41) of children were exposed to ETS-ate@i@hsold. 2.4% (n = 1) were
exposed to ETS from inside the home, 97(6% 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 46months-old, the prevalence of ETS exposure amongst chilaofréme LBBS was

y20 aA3IYyAFAOIy(Gfte RAFFSNBYG (2 2a®e8, LINBGI t Sy O
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At 46months-old, 50.0% (n = 125)
of childrenhad a family history of
atopy.

From those with a family history of
atopy: 53.6% (n = 67) haah

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)Figure74 shows how
familial atopy was interelated at

46-months-old.

Eczema

(n=27)

Figure74: children with a family history of atopy, by relative(s) and disease(s);uwohéhsold

15.6% (n = 39) of the children had aroorbid disease at 46honths-old. The
respiratorysystem was the most common-toorbid system at this age, whilst asthma
and eczema were the most common-owrbidities overallTable31 shows the
co-morbidities seen at 46nonths-old ¢ as reported by parents, and grouped according

to organ systm.

161



Type of CeMorbidity Underlying Condition

Respiratory Asthma 9

G/ 2YLX AOI GAz2ya ¥
Tuberous Sclerosis
Table31: comorbidities of the LBBS cohort at-dfbnthsold

(n=14) Virakinduced Wheeze 3

C(:r?r:dlf)c Congenital Heart Disease 1

Re_nal Vesicoureteral Reflux 1
(n=1)

34 Nerve Palsy 1

: BrainTumour 1

Nel(Jr:o_IoSg)lcaI Hydrocephalus 1

- af{ SAT dzNB & ¢ 1

Spinal Muscular Atrophy 1

Eczema 9

Allergies 6

Autism Spectrum Disorder 2

Developmental Dysplasia of Hips 1

526y Qa {@YRNRYS 1

Glue Ear 1

Haemophilia 1

1

1

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at 46onthsold are shown iTable32. The distribution of scores are

shown graphically ifigure75.

o 4 8 16 o
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16
Domain 6 10
Domain 7 VI 096 | 175 |
Domain 8 [N 1 3 4 13

Table32: descriptive statistics of the total and domain LRSQ scoresmab#éhsold

Total Score
Domain 1
Domain 2
Domain 3
Domain 4

Domain 5
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Distribution of Total LRSQ Scores at 46-Months-Old Distribution of Domain 1 Scores at 46-Months-Old Distribution of Domain 2 Scores at 46-Months-Old
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Figure75: distribution of total and domain LRSQores at 46nonthsold

Total LRSQ scores were higher amongst children who were born prematurely

(U = 2375, p = 0.006), or had amorbidity (U = 2958, p = <0.001).

Domain 1 scores were higher amongst children who: hadraadidity (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).
Posthoc analysis revealed that children with a degezkicated mother scored lower,

compared to those with a school (p = 0.036) or vocatioradlycated mother
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(p = 0.014). It also revealed that children living in the t#mraist deprived IMD quintile
scored lower, compared to those living in the mdstprived (p = 0.046)

leastdeprived (p = 0.038) and the secoladst deprived (p = 0.003) quintiles. Children
living in the secondeast deprived IMD quintile scored higher than those living in the

secondmost deprived quintile (p = 0.030).

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 sedretween the different levels of maternal age
(H =13.25, p = 0.001, df = 2). Rst analysis revealed that children born to mothers
aged less than 2gearsold scored higher, compared to children born to mothers aged

X o-yearsold (p = <0.001) and moghs aged 25 to 34earsold (p = 0.001).

Domain 3 scores were higher amongst children who were born prematurely (U = 2468,
p =0.011), omale (U = 11127, p = 0.029). They were also higher amongst those who:
attended nursery (U = 385, p = 0@)4or had a cenorbidity (U = 3865, p = <0.001).

Domain 4 scores were higher amongst children with a family history of atopy

(U =11574, p = 0.047), or acwrbidity (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), andhildren whose mothers did not smoke during pregnancy (U = 9270,

p = 0.009).

Domain 5 scores were higher amongst childwémo were: male (U = 10324,

p = <0.001), a twin (U = 780, p = 0.029), or suffering fromraarbidity (U = 3122,

p = <0.001). They were also higher amongst children with a family history of atopy

(U = 1304, 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). Rt analysis revealed that children bornnmthers

aged less than 2gearsold scored higher, compared to children born to mothers aged
X o-yearsold (p = 0.001) and mothers aged 25 tey&hrsold (p = 0.022).

Domain 6 scores were higher amongst children with-ancobidity (U = 4560
p =<0.001).

Domain 7 scores were higher amongst children who were born: prematurely

6! I' wnmnX LIT nonnuOX Fa | G6Ay 0! T T1dy:
p = 0.035). Theyere also higher amongst those who: did not share a bedroom

(U =10119, p = 0.020), or had amorbidity (U = 4528, p = <0.001).

There were differences in domain 7 score between the different levels of deprivation
(H=12.77, p = 0.@1df = 4). Poghoc 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), secosmdost deprived (p = 0.028), leageprived

(p = 0.012) and the secosédast deprived (p = 0.010) quintiles.

Domain 8 scores were higher amongst children who: had a family history of atopy

(U =11145, p = 0.029), had amorbidity (U = 4167, p = <0.001), or wérarn

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). Rbet analysis rezaled that children born to mothers

aged less than 2gearsold scored higher, compared to children born to mothers aged
X o-yearsold (p = 0.003) and mothers aged 25 toygarsold (p = 0.013).

Therewas astrong@oA G A S O2NNBf I GA2y 0S0sSSYy || OKAf
total QoL score {= 0.889, p = <0.001Figure76 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 Qolfor children (k= 0.802, p = <0.001 vs=0.745, p = <0.001). Children
who regularly suffer with respiratory symptoms, and their parents, therefore

experience a worse QoL.

Total LRSQ Score vs Total QoL Score at 46-Months-Old
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Figure76: correlation between total LRSQ score and total QoL scdi@rabnthsold

93.2% (n = 233) of children experienced at least one type of respiratory symptom at
46-monthsold. A cold was the most common symptom, as it was experienced by
84.0% (n = 210) of children; tachypnoea was the least comsymptom, as it was
experienced by 9.6% (n = 24) of childrEigure77 demonstrates the prevalence of

individual symptoms.
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Prevalence of Respiratory Symptoms at 46-Months-Old

Wheeze 24.0% (n = 60)

Tachypnoea 9.6% (n=24)

Snoring 61.6% (n = 154)

Shortness of Breath 18.8% (n = 47)

Rattly Chest 28.8% (n=72)

10.4% (n = 26)

Noisy Breathing Not From Chest

Noisy Breathing From Throat 15.6% (n = 39)

6.8% (n=17)

No Symptoms

Cough 81.6% (n = 204)

Cold 84.0% (n = 210)
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Figure77: prevalence of respiratory symptoms atd@@nthsold

Colds were mordikelyamongst male$OR =2.08 95% CI = @7 ¢ 4.04). Colds were
more likely amongsthildren withschooteducated mothers, compared to those with
degreeeducated mothers (OR = 4.00, 95% CI = 112480). Children who were born
to a mother aged more than 3pgearsold were also more likely to have colds,
compared to those born to mothers aged less thary2arsold (OR =3.57, 95%

Cl = 117¢ 10.94)

Coughing was morkely amongst malegOR =2.26, 95% CI = 19¢ 4.28), and
children with a cemorbidity (OR =12.42 95% CI = 35¢ 99.55.

Being asymptomatic was more likelgnongst malegOR =3.09, 95% Cl = Q@4 ¢ 9.21).

Noisy breathing from the throat was moli&ely amongst children with a emorbidity

(OR 5.22 95% CI 2.44- 11.19). Noisy breathing from the throat was alswore likely
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amongst children who were born to mothers agedd than 25/earsold, compared to
those born to mothers aged more thab-yearsold (OR = 4.8, 95% CI = 1.2118.01).

Noisy breathing that did not come from the chest was mideely amongst children

with a camorbidity (OR =6.02 95% CI 2.50¢ 14.49. Noisy breathing that did not
come from the chest was alsonore likely amongst children who were born to mothers
aged less than 2gearsold, compared to those born to mothers aged radhan

35yearsold (OR = 5.9, 95% CI = 1.2628.40)

Rattly chests were more likehmongst non-Caucasiacchildren(OR = &6, 95%

Cl = 104-12.20), premature childredfOR = 37, 95% CI = 21 - 8.33), children witha
co-morbidity (OR = 38, 95% CI = %3- 6.20), and children who were not breastfed
(OR =1.96, 95% CI = @4 - 3.69).

SOB was morikelyamongst males (OR =3.19, 95% CI £.63¢ 6.23), premature
children (OR =3.93 95% CI £.49¢ 10.39, children with aco-morbidity (OR =13.4Q
95% Cl 6.15¢ 29.22), and children witha family history of atopyOR =2.33 95%

Cl =1.26¢ 4.42). SOB was algoore likely amongst children who were born to
mothers aged less than Afearsold or 25 to 34yearsold, compared to those born to
mothers agedr more than 35yearsold (OR = 8.70, 95% CI| =2:80.47 andOR =
3.22, 95% CI = 1.28.49)

Snoringvasmore likelyamongstprematurechildren(OR=6.32 95%CI=1.30¢ 30.68)

Tachypnoea was moiikely amongstchildren with a cemorbidity (OR =7.22, 95%
Cl1 =3.06¢ 17.00, premature childrefOR =3.97, 95% CIl £.33¢ 11.89, and children
with a family history of atopyOR =2.98 95%Cl =1.21¢ 7.34).

Wheezing wasnore likelyamongst childrenvho did not share a bedroofOR =1.96,
95% Cl 4.02¢ 3.74), and childrerwith a cemorbidity (OR = &1, 95%
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A =3.18-13.73). Childrenborn to mothers aged less than 3&arsold were also
more likely to wheeze, compared to those born to mothers aged 25 ipe2dsold
(OR = 3.1, 95% CI = 1.18.38) or more than 35yearsold (OR = 4.63, 95%

Cl =1.5313.99)

At 46monthsold, 18.8% (n = 47) of children were taken to their GP for a respiratory
problem. Of these children: 74.5% (n = 35) visited once, 18%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 7.184dljrvisited four timegrigure

78 presents GP and hospital attendance rates graphically

Number of Attendances to a Healthcare Service at 46-Months-Old
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Figure78: GP and hospital attendance rates at@®nthsold

Visits to a GP for a respiratory problem wenere likelyamongst children with a
co-morbidity (OR = 4.01, 95% CI = 1-®143). GP visitation was more likely amongst
childrenwith vocationallyeducated mothers, compared to tke with

degreeeducated mothergOR = 2.3, 95% CI = 170 5.08). Childrerborn to mothers

aged less than 2gearsold were also more likely to visit a GP, compared to those born

to mothers aged more than 3gearsold (OR = 8.25, 95% Cl =3.:55.56)
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Hospital visitations for a respiratory problem wermre likelyamongst children with a

co-morbidity (OR = 6.55, 95% CI = 2:3(.67).

At 46monthsold, there was a moderate correlation between total LRSQ score and GP
attendance raters = 0.558, p = <0.001). There was a weak correlation between total
LRSQ score and hospital attendance fate 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 assistarkigures79 and 80 show the

correlations graphically.

Total LRSQ Score vs GP Attendance at 46-Months-Old Total LRSQ Score vs Hospital A at 46-| -Old

Total LRSQ Score at 46-Months-Old
Total LRSQ Score at 46-Months-Old
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Figure79: correlation between total LRSQ score and GP attendance raterapAthsold
Figure80: correlationbetween total LRSQ score and hospital attendance rate-at@ithsold
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4.5.9 Questionnaire 952-Months-Old

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.

72.8% (n = 155) ahildren lived with at least one other chidd 52-months-old. 74.0%
(n = 114) lived with only one othg22.7% (n = 35) lived with two others, 2.6% (n = 4)

lived with three others, and 0.6% (n = 1) lived with four others.

At 52months-old, 31.5% (n = 67) of children shared a bedro®®4% (n = 13) shared
with their parent(s), 83.6% (n = 56) shared with one other child, and 1.5% (n = 1)

shared withsomeone else

13.1% (n = 28) of children were exposed to ETS-at&#hs-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 anstrafpildren in the LBBS was
y20 aA3AYyAFAOIyGfe RAFFSNBYyG (2 284&38, LINSOI f ¢
LJ ' ndpnX RT 2£0.68,(p =048 df A1PS20IAL f 6 .
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At 52-months-old, 48.4% (n = 103)

of childrenhad a family history of

atopy.

From those with a family history of

atopy: 54.4% (n = 56) had an
Paternal atopic mother, 49.5% (n = 51) had

(n=22)

sibling. There was a family history

of: asthma in 45.6% (n = 47) of

these childrenhay fever in 60.2%

(n =62), and eczema in 46.6%

(n = 48)Figure81 shows how

an atopic father, and 36.9%

(n = 38) had at least one atopic

familial atopy was interelated at
Eczema

52-months-old.

(n=20)

Figure81: children with a family history of atopy, by relative(s) and disease(s)@ob2hsold

16.0% (n = 34) of the children had aroorbid disease at 5thonths-old. The
respiratorysystem was the most common-goorbid system at this age, whilst asthma
was the most common emorbidity overall. Table33 shows the ceamorbidities seen at

52-monthsold ¢ as reported by parents, and grouped according to organ system.
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Typeof CeMorbidity Underlying Condition

Respiratory Asthma 14

(n =15) Hay Fever 1

C(:r?r:dlf)c Congenital Heart Disease 1

Re_nal Vesicoureteral Reflux 1
(h=1)

Neurological - NBoyQa {eyRN !

(n=23) _ Cerebral Palsy 1

SpinalMuscular Atrophy 1

Allergies 6

Eczema 5

Autism Spectrum Disorder 2

Haemophilia 2

Developmental Dysplasia of Hips 1

526y Qa {@YRNRYS 1

Glue Ear 1

GLYFoAfAle (2 1

Pectus Carinatum 1

Sensory Processing Disorder 1

Table33: comorbidities of the LBBS cohort at-6®nthsold

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at 5&honthsold are shown ifTable34. The distribution of scores are

shown graphically iFigure82.

0 2 7 14.5 101
2 1
1
1
1
1
Domain 6 9
Domain 7 11
Domain 8 0 1 2 4 11

Table34: descriptive statistics of the total and domain LRSQ scoresmabithsold

Total Score
Domain 1
Domain 2
Domain 3
Domain 4
Domain 5

O 0O oo oo o
OO0 o0 o r r o
O 000 WN P
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173



Distribution of Domain 2 Scores at 52-Months-Old
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Figure82: distribution of total and domain LRSQores at 52nonthsold
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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

6! I' nTcHE LT noanamdI 2N 062Ny G | Wy2N¥YIEf O
with a comorbidity (U = 1476, p = <0.001), or a familstdry 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
Posthoc analysis revealed that children with a degeskicated mother scored lower

than those with a schoe#ducated mother (p = 0.002). It also revealed that children
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born to mothers aged less than 3®arsold scored higher than those born to mothers
I 3 S R-yesrsofd (p = 0.007).

Domain 1 scores were higher amongst children who were: exposed to ETS (U = 2930,

LI T ndanugos 02Ny i F  YWwo@BNadingledn bithNI Ko SA I K (
(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 withraadidity

(U = 1527, p = <0.001).

Therewere differences in domain 1 score between the different levels of maternal age
(H=6.67, p=0.036, df = 2). Rbet analysis revealed that children born to mothers
aged less than 2gearsold scored higher than children born to mothers aged

X o-yearsold (p = 0.015).

Domain 2 scores were higher amongst males (U = 5202, p = 0.015), as well as those
with a comorbidity (U = 1599, p = <0.001) or a family history of atopy (U = 5395,

p = 0.046). Thewere 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 differemels of maternal
education (H = 7.69, p = 0.021, df = 2) and maternal age (H = 7.16, p = 0.028, df = 2).
Posthoc analysis revealed that children with degieducated mother scored lower

than those with a schoedducated mother (p = 0.006). It also revezhthat children

born to mothers aged less than 3®arsold scored higher than children born to

Y2 (0 KSNA -yeddsSIR(p % @008).

Domain 3 scores were higher amongst children who had been exposed to ETS
(U =224, 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 amorbidity (U = 1734, p = <0.001), weralmm
6! I nTtynX LIT nonamOX 2N 6SNB 02Ny +id I Wy?2

There were differences in domain 3 score between the different levels of maternal age
(H =6.63, p = 0.036, df = 2). Rbet analysis reveatethat children born to mothers
aged less than 2gearsold scored higher than children born to mothers aged

X o-yearsold (p = 0.012).

Domain 4 scores were higher amongst children with-ancobidity (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). Rbet analysis revealed that children born to mothers
aged lesshan 25yearsold scored higher than children born to mothers aged

X o-yearsold (p = 0.010).

Domain 5 scores were higher amongst children who were: male (U = 5266, p = 0.009),
Caucasian (U = 832, p = 0.005), or exposétlts (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 nmaite

education (H = 9.54, p = 0.008, df = 2) and maternal age (H = 7.34, p = 0.025, df = 2).

Posthoc analysis revealed that children with a scheducated mother scored higher,

compared to those with a vocationally (p = 0.027) or degrdecated mother

6L T ndanmHLO® LG Ffaz2z NBGSH f SyRarsol&dcaied OKA f RNBY
lower, compared to children born to mothers aged less thary@arsold (p = 0.011)

or aged 25 to 34/earsold (p = 0.011).

Domain 6 scorewere higher amongst children wigad 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 emorbidity (U = 1793, p = <0.001).
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Domain 7 scores were highemangst children who: were born at a normal
WOoANIKGSAIKGIQ ¢! morbidity U =80T, p :1<0.004)pob Had &K | R
family history of atopy (U = 5082, p = 0.003). They were also higher amongst males

(U =5462, p = 0.031).

52YFAYy y a02NBa ¢gSNBE KAIKSNI I Y2y3ad OKAf R

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
childrenwho had: a family history of atopy (U = 4884, p = 0.002);aadidity

(U =1842, p =<0.001), or a mother who smoked during pregnancy (U = 1768,

p = 0.014).

There were differences in domain 8 score betwélea different levels of maternal

education (H = 17.83, p = <0.001, df = 2) and maternal age (H = 6.68, p = 0.036, df = 2).
Posthoc analysis revealed that children with a degeshicated mother scored lower

than those with a schoedducated mother (p = <001). It also revealed that children

born to mothers aged less than 3®arsold scored higher than children born to

Y2 (0 KSNA -yeddsBIR(p % ®Q18).

CKSNE gl a | adNRy3a LR aA (caAKRSQs2oeNIBd theii A 2
total QoL score = 0.926, p = <0.001Figure83 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 childreng¥ 0.861, p = <0.001 vs=+0.802, p = <0.001). Children

who regularly suffer with respiratory symptoms, and their parents, therefore

experience a worse QoL.
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Total LRSQ Score vs Total QoL Score at 52-Months-Old

Total QoL Score at 52-Months-Old
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Figure83: correlation between total LRSQ score and total §@olre at 52monthsold

91.5% (n = 195) of children experienced at least one type of respiratory symptom at

52-monthsold. A cough was the most common symptom, as it was experienced by

78.9% (n = 168) of children; noisy breathing thaty Qi 02 YS FTNRY G(GKS

least common symptom, as it was experienced by 10.3% (n = 22) of chHiyare84

demonstrates the prevalence of individual symptoms.

Prevalence of Respiratory Symptoms at 52-Months-Old

Wheeze 21.6% (n = 46)

11.3% (n = 24)

Tachypnoea

Snoring 57.3% (n = 122)

Shortness of Breath 20.2% (n = 43)

Rattly Chest 25.8% (n = 55)

10.3% (n = 22)

Noisy Breathing Not From Chest

12.2% (n = 26)

Noisy Breathing From Throat
No Symptoms 8.5% (n=18)

Cough 78.9% (n = 168)

Cold 77.5% (n = 165)
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Figure84: prevalence of respiratory symptoms at®dnthsold
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Colds were mordikelyamongst males(OR =2.71, 95% CI = 36 ¢ 5.40), children who
shared a bedroonfOR =2.42, 95% CI = @9 ¢ 5.35), and premature children
(OR =2.86, 95% CI = 38¢ 5.95).

Coughing was morikely amongst children who were exposed to ETGR =8.71, 95%
Cl =139¢ 54.74), males(OR =2.86, 95% CI = 38¢ 5.95), children witha family
history of atopy(OR =3.03 95% CI =47 ¢ 6.26), and children witha comorbidity
(OR =6.95 95% CI =29¢ 37.56.

Being asymptomatic was more likelgnongst male¢OR =3.71, 95% Cl =Q@6¢ 12.37).

Noisy breathing from the throat was moli&ely amongstchildrenwith a

co-morbidity (OR =10.72 95% CI 4.49- 25.61).

Noisy breathing that did not confeom the chest was morkkelyamongstwithout a
co-morbidity (OR =6.29, 95%CI| =2.46 ¢ 16.05, and children who lived with other
children OR =2.05 95% CI = @7 - 3.95).

Rattly chests were more likehmongst childrenvith a comorbidity (OR =9.65, 95%
Cl =4.31¢ 21.63).

SOB was morikelyamongst males(OR 2.12, 95% CI = 190; 4.15), childrenwith a
co-morbidity (OR = 0.14, 95% CI 4.58- 22.46), and children whalid not attend
nursery(OR =2.40, 95% CI = 12X 5.68).

Snoring was morékelyamongst children whose mothersvere exposed to ETduring

pregnancy(OR =2.59 95%CI =1.12¢ 5.99), children witha camorbidity (OR =3.50
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95%CI =1.43¢ 8.60), and children whalid not live with other childrefOR =2.05
95%CI =1.07¢ 3.95. Childrenwho snored were more likely to be deprived tap
sincechildrenbecame 113times less likely tanorefor every increase in IMD decile
(OR =13, 95% CI = 10 1.27).

Tachypnoea was moikelyamongst childrerwithout a comorbidity (OR =15.94
95% CI 6.24¢ 40.73, and children whalid not live with any otheruldren
(OR =3.12 95%CI =1.34¢ 7.25).

Wheezing was morkkelyamongst children with a family history of atofR =2.63
95% CI = 35¢ 5.10), and children with a&o-morbidity (OR =10.19 95%

Cl =4.59¢ 22.60. Childrenborn to mothers aged less than 3®arsold were also
more likely to wheeze, compared to those born to mothers aged 25 ipe?4sold
(OR =6.33, 95%I1 = 1.18 33.98) or more than 35yearsold (OR = 10.67, 95%
Cl=1.7265.99)

At 52months-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 Eiges85

presents GP and hospital attendance rates graphically
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Number of Attendances to a Healthcare Service at 52-Months-Old
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Figure85: GP and hospital attendance rates at®@nthsold

Visits to a GP for a respimaty problem weremore likelyamongst children who had a
co-morbidity (OR = 4.42, 95% CI = 1:88.37) and children whavere exposed to ETS
(OR =29, 95% CIl = 1.18.67) GP visitation was more likely amongst children who
were born to nothers aged less than 2fearsold, compared to those born to mothers
aged more than 3%earsold (OR = 8.25, 95% CI =3.-55.56) Children who were
breastfed for 24 months were also more likely to visit a GP, compared to thdse

were breastfed for rore than 4 monthgOR = 3.24, 95% CI = 1-(8.18).

Hospital visitations for a respiratory problem wermre likelyamongst children with a
co-morbidity (OR = 4.8, 95% CI = 19 14.72) and children who were not breastfed
(OR =3.48, 95% CIl = 1:09..10)

At 52-monthsold, there was a moderate correlation between total LRSQ score and GP
attendance rate @= 0.478, p = <0.001). There waweak correlation between total
LRSQ score and hospital attendance rate (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 assistartogures86 and 87 show the

correlations graphically.
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Total LRSQ Score vs GP Attendance at 52-Months-Old Total LRSQ Score vs Hospital A d at 52-Months-Old

t 52-Months-Old
t 52-Months-Old

Total LRSQ S
'
Total LRSQ Score a

Number of GP Attendances at 52-Months-Old Number of Hospital Attendances at 52-Months-Old

Figure86: correlation between total LRSQ score and GP attendance raterapsthsold
Figure87: correlationbetween total LRSQ score and hospita¢attance rate at 52nonthsold

4.5.10 Questionnaire 10: 581onths-Old

At 58 months-old, 58.9% (n = 129) of children attended nursery. It is worth noting, that

several children were in school at thisiepoint.

74.9% (n = 164) of children lived with at least one other d@tisiB-monthsold. 71.2%
(n = 116) lived with only one othg23.9% (n = 39) lived with two others, 4.3% (n = 7)
lived with three others, and 0.6% (nL¥ lived with four others.

At 58monthsold, 31.5% (n = 69f children shared a bedroom8.8% (n = 13) shared
with their parent(s), and 85.5% (n = 59) shared with one other child.

12.3% (n = 27) of children were exeal to ETS at 5®onthsold. 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 anotbeation (e.g. work).

At 58 months-old, the prevalence of ETS exposure amongst children in the LBBS was
y20 aA3dYyAFAOIyGfe RAFTFSNBYG (2 26KeB, LINSOI f ¢
LJ T nédénnX RT 2£0.76,(p=0.38] dfEAi2dM8ML 2 0.

At 58 monthsold, 48.4% (n = 106)

of childrenhad a family history of

Maternal
(n=26) atopy.
Fromthose with a family history of
(n=10) <
(nzg, atopy: 53.8% (n = 57) had an
Paternal 21 Sibling atopic mother, 48.1% (n = 51) had
n=23 ) n=17
e o 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
Asthma
(n=17) children, hay fevein 58.5%

(n = 62), and eczema in 56.6%

(n=5)

(n = 60) Figure88 shows how

familial atopy was interelated at

(n=11)

58months-old.

Figure88: children with a family history of atopy, by relative(s) and disease(s);mobéhsold

18.3% (n = 40) of the children had aroorbid disease at 5&onths-old. The
respiratorysystem was the most common-gnorbid system at this age, whilst asthma
was the most common emorbidity overall.Table35 shows the cemorbidities seen at

58monthsold ¢ as reported by parents, and grouped according to orgatesy.
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Type of CeMorbidity Underlying Condition

Respiratory Asthma 13
(n =16) Virakinduced Wheeze 1
((Sr?r:dls)c Congenital Heart Disease 2
(F:le:neil) Haematuria 1

.NRosyQa {&yRN 1

Neurological Cerebral Palsy 1

(n=4) Hypotonia 1
Spinal Muscular Atrophy 1

Gastrointestinal Imperforate Anus 1
(n=2) Gb20G { LISOATA: 1
Eczema 7

Allergies 6

Autism Spectrum Disorder 3

Haemophilia 2

Astigmatism 1

G/ 2YLX AOFGAz2ya ¥ 1

5 2 ¢ ySyhdrome (Trisomy 21) 1

Glue Ear 1

GLYFoATAGE (2 1

Psoriasis 1

Tuberous Sclerosis 1

Table35: comorbidities of the LBBS cohort at-6®nthsold

Measures of central tendency and dispersion for the total LRSQ score, and LRSQ
domain scores, at 581onthsold are shown ifTable36. The distribution of scores are

shown graphically iFigure89.

184



Total Score 0 2 6 17 81
Domain 1 10
Domain 2 11
Domain 3 21
:
1
Domain 6 8
Domain 7 9
Domain 8 0 1 2 4 12

Table36: descriptive statistics of the total and domain LRSQ scoresrabiésold
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Figure89: distribution of total and domain LRSQores at 58nonthsold
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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). fhostanalysis revealed that children with
a degreeeducated mother scored lower, comparedttiose with a school (p = 0.010)

or vocationallyeducated mother (p = <0.001).

Domain 1 scores were higher amongst children who were born prematurely (U = 1841,
p = 0.009), or a twin (B 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). Pmst analysis revealed thahildren with a
degreeeducated mother scored lower, compared to those with a school (p = 0.039) or

vocationallyeducated mother (p = 0.012).

Domain 2 scores were higher amongst children with-ancobidity (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). ast analysis revealed that children with a
degreeeducated mother scored lower, compared to those with a school (p = 0.022) or
vocationallyeducated mother (p = <0.001). There were also differences in domain 2
score amongst breastfed children, depending on Homg they were breastfed for

(H =6.49, p = 0.039, df = 2). Rbet analysis revealed that children who were
breastfed for 34 months scored higher than those who were breastfed for more than
4 months (p = 0.011).
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Domain 3 scorewere higher amongst twins (U = 94, p = 0.004). They were also higher
amongst children who: had a enorbidity (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 leviaisabernal
education (H = 11.29, p = 0.004, df = 2). st analysis revealed that children with a
degreeeducated mother scored lower than those with a vocationalliyicated

mother (p = 0.001).

Domain 4 scores were higher amongst childnath a comorbidity (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). Pmsat analysis revealed that children with a
degreeeducated motheiscored lower, compared to those with a school (p = 0.035) or
a vocationallyeducated mother (p = 0.010)here were also differences in domain 4
score amongst breastfed children, depending on how long they were breastfed for
(H=7.88, p = 01®, df = 2). Pogtoc analysis revealed that children who were
breastfed for 34 months scored higher than those who were breastfed for more than

4 months (p = 0.006).

Domain 5 scores were higher amongst children with a family history ofyatop

(U =7924, p = 0.026), or a-owrbidity (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). Pmst analysis revealed that childrentiva
degreeeducated mother scored lower, compared to those with a school (p = 0.011) or

a vocationallyeducated mother (p = 0.002).

Domain 6 scores were higher amongst the children who born prematurely (U = 2196,
p = 0.028), and childremith 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). st analysis revealed that children with a
degreeeducated mother scored lower tinathose with a vocationalgducated

mother (p = 0.002).

Domainvisits 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 witha cemorbidity (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). fhostanalysis revealed that children with

a degreeeducated mother scored lowecompared to those with a school (p = 0.001)

or vocationallyeducated 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).sRhoc analysis revealed that children who were

breastfed for 34 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).

Domain 8 scores were higher amongst childndro had a cemorbidity (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). hast analysis revealed that children with
a degreeeducated mother scored lower, compared to those with a school (p = 0.029)

or vocationallyeducated mother (p = <0.001).

CKSNE g1Fa | adNRy3a LRaAaAGADS O2NNBfFGAZ2Y
total QoL score §= 0.950, p = <0.001Figure90 shows the correlation graphically. A
higher total LRSQ score is more strongly correlated with a poor Qplarfents, than

with a poor QoL for childrengx 0.890, p = <0.001 vs=0.791, p = <0.001). Children

who regularly suffer with respiratory symptoms, and their parents, therefore
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experience a worse QoL.

Total LRSQ Score vs Total QoL Score at 58-Months-Old

Total QoL Score at 58-Months-Old
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Figure90: correlation letween total LRSQ score and total QoL score am&8thsold

84.9% (n = 286) of children experienced at least one type of respiratory symptom at
58monthsold. A cold was the most common symptom, as it was experienced by

763% (N=160 2F OKAfRNBYT y2Aaé& oNBIFIGKAYy3a GKI G
least common symptom, as it was experienced by 9.1% (n = 20) of chiiyene91
demonstrates the prevalence of individual symptoms.

Prevalence of Respiratory Symptoms at 58-Months-Old

Wheeze 16.4% (n = 36)
Tachypnoea 10.0% (n = 22)
Snoring 55.3% (n = 121)

16.4% (n = 36)

Shortness of Breath

Rattly Chest 26.5% (n = 58)

Noisy Breathing Not From Chest 9.1% (n=20)

Noisy Breathing From Throat 13.2% (n = 29)

No Symptoms 15.1% (n = 33)

Cough 74.4% (n = 163)

Cold 76.3% (n = 167)
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Figure9l: prevalence of respiratory symptoms ats®nthsold

Colds were mordékelyamongst children with a family history of atof®R =2.29 95%
Cl =1.20- 4.36). Cdds were alsanore likely amongst children with vocationally
educated mothers, compared to those with school (OR18, 95% CI = 11- 15.06) or
degreeeducatedmothers(OR = 36, 95% CI £.17 - 13.46).

Coughing was morikely amongstchildren with a family history of atopfOR =2.00,
95% CI = 06 ¢ 3.77), andchildren with a cemorbidity (OR =2.82 95%

Cl = 110¢ 7.23. Coughing was alsoore likely amongst children withocationally
educated mothers, compared to those with school (OR = 9.03, 95% @-61.83) or
degreeeducatedmothers(OR = 13.17, 95% CI =@-34.49).

Being asymptomatic was more likelgnongst children who did not live with othre
children(OR =22.23 95% CI = @1 ¢ 4.94), children who were breastfe(OR =3.34,
95% CI = 02¢ 10.94), and children who were exposed to HOR =2.94, 95%

Cl = 118¢ 7.32.

There were differences in the prevalenceasfymptomatic children amongst the
RAFFSNBYy(d tS@Sta 2F RSLINAGIGA2Yy oL T noannz
leastdeprived IMD quintile were more likely to be asymptomatic than those living in

the four greater deprived quintiles.

Noisy breathing from the throat was moli&ely amongst childrernwith a comorbidity
(OR 5.97, 95% CI 2.69- 13.23), and premature childrefOR = 43, 95%

Cl = 135- 12.07). Noisy breathing fronthe throat was alsanore likely amongst
children withschool androcationallyeducated mothers, compared to those with
degreeeducated mothergrespectivelyOR = 2.8, 95% CI = 1.1:6.88andOR = 4.23,
95% CI = 1.6310.9).
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Noisy breathing that did not come from the chest was mideely amongst children
with a comorbidity (OR =7.99, 95% CI 3.16 - 20.24). Noisy breathing that did not
come from the chest was alsnore likely amongst dliren with school and
vocationallyeducated mothers, compared to those with degreducated mothers
(respectivelyOR =5.37, 95% CI = 17- 16.26 andOR =5.61, 95% CI = &9- 18.62).

Rattly chests were more likehmongst children who attended nurser§fOR =2.13,

95% CI = 13- 4.03), children witha comorbidity (OR = 31, 95% CI = @9 ¢ 6.48),
andprematurechildren(OR .50, 95% CI = 85- 13.04). Rattly chests were also
more likely amongst children withocationallyeducated mothers, compared to those
with degreeeducated mothergOR = 3.08, 95% CI = 1-4362)

SOB was morkkelyamongst children with a family history of atofR =3.68 95%

Cl1 =1.66¢ 8.17), and children with a comorbidity (OR =8.63 95%CI| =3.98¢ 18.68.
SOB was alsmore likely amongst children who were born to mothers aged less than
25-yearsold, compared to those born to mothers aged 25 tey&éarsold (OR = 4.67,
95% CI = 1.2916.94)or more than 35yearsold (OR = 9.16, 95% CI| = 2:39.3)

Snoring was morékelyamongst children with a emorbidity (OR .43 95%

Cl =1.06¢ 18.48, andprematurechildren(OR =3.21, 95%CI =1.49¢ 6.90). Snorirg
wasmore likely amongst children witbchool orvocationallyeducated mothers,
compared to those withlegreeeducated mothersréspectivelyOR = 214, 95% CI =
1.09-4.20 andOR = 210, 95% CI = 183 5.33).

Tachypnoea was moiikelyamongst children with a emorbidity (OR =7.57, 95%
Cl =3.11¢ 18.41).

Wheezing was morkkely amongst children witha comorbidity (OR =6.47, 95%
Cl =3.02¢ 13.89, prematurechildren(OR =.99, 95% CI = 13¢ 14.42, and children
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whose mother was exposed to ETS during pregné@@&y=2.32 95% CI = @3¢ 5.20.
Wheezing wasnore likely amongst children witkchool orvocationallyeducated
mothers, compared to those witlegreeeducated mothersréspectivelyOR = 2.8,
95% CI = 1.246.39 andOR = 2.67, 95% CI =@.:%.78). Childrerwho were breastfed
for 1-4 monthsor more than 4 months were also more likelywdheeze compared to
those who were breastfed fdess than 1 month (respectivel@R = 9.4, 95%

Cl =1.8947.08andOR = 4.89, 95% Cl =12-22.4]).

At 58 months-old, 16.4% (n = 36) of children were taken to their GP for a respiratory
problem. Of tlese 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 thRimpere92

presents GP and hospital attendance rates graphically
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Figure92: GP and hospital attendance rates ats®nthsold

Visits to a GP for a respiratory problem wemere likelyamongst children who had a
co-morbidity (OR = 3.12, 95% CI =@.:4.69) and childrenwere born prematurely
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(OR =5.30, 95% CI = 1.835.34). GP visitation was also more likely amongst children
with schooteducated motherscompared to those witklegreeeducated mothers

(OR = 3.8, 95% CI = 173 6.80).

Hospital visitations for a respiratory problem wermre likelyamongst children with a

co-morbidity (OR = 12.17, 95% CI = 2-39.67)

At 58monthsold, there was anoderate correlation between total LRSQ score and GP
attendance rate @= 0.541, p = <0.001). There was a weak correlation between total
LRSQ score and hospital attendance rate (0.303, p = <0.001). These results suggest
the children with the most sere respiratory disease, are not necessarily the ones
who are more likely to seek medical assistarkigures93 and 94 show the

correlations graphically.

Total LRSQ Score vs GP Attendance at 58-Months-Old Total LRSQ Score vs Hospital A d at 58-Months-Old

Total LRSQ Score at 58-Months-Old
Total LRSQ Score at 58-Months-Old
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Number of GP Attendances at 58-Months-Old Number of Hospital Attendances at 58-Months-Old

Figure93: correlation between total LRSQ score and GP attendance r&&raonthsold
Figure94: correlationbetween total LRSQ score and hospital attendance rate-at&@&hsold
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4.5.11 Summary Table

Table# outlineshow the four most clinicallyelevant outcome®f the LBBS were
affected by thevarious risk factors being assessed, &g age irthe study The risk
factors thatinfluencedtotal LRSQ and domain 7 scores are summadaetause it is
important to understandvhat cause®verall respiratory wellbeingnd QoLto worsen,
respectively The risk factors thampactedGP and hospital attendance are also
summarised; sinceit is important to understand what makes healthcare visitation

more likely.

Hospital

Total LRSQ Scorl Domain 7 Score| GP Attendance
Attendance

o 2
> E
<E

Antenatal ETS Exposur

Attended Nursery CO'\:AOJIZ'd'ty
FamiIcoll\i/ilgtr;mdI(tnslC Ato CoMorbidity Begjciﬁg:bisc;gnng Household Children
’ Malr;r\y P Family History of Atopy Household Children 1B [ETEE e
No Bedroom Sharing No Bedroom Sharing More Deprived Pr?rrcv?r:ure

Not Breastfed

Younger Mother Younger Mother

Attended Nursery Attended Nursery
Caucasian Family History of Atopy
CoMorbidity Less Educated Mother
Household Children Low Birthweight HEES (STt e

Less Educated Mother Not Breastfed Lo e
Male Premature

Younger Mother stz Premature
’ Younger Mother Younger Mother

—
I Attended Nursery Attended Nursery Attended Nursery
©
—
N
0

Attended Nursery
Caucasian
CoMorbidity
Less Educated Mother

CoMorbidity

Male Household Children  Family History of Atopy
More Deprived Male Less Educated Mother Less Educated Mother
P No Antenatal ETS Male
Premature
Exposure Premature

Attended Nursery
More Educated Mother
No CeMorbidity More Educated Mother More Educated Mother
No Family History of
Atopy

Attended Nursery
CoMorbidity Attended Nursery CoMorbidity
Family History of Atopy CoMorbidity Family History of Atopy
Male Normal Birthweight ~ No Household Childrer
Normal Birthweight

Bedroom Sharing
CoMorbidity



Attended Nursery
Breastfed
CoMorbidity
Family History of Atopy

Family History of Atopy

AN ISR No Household Children

More Deprived Breasn_‘e_d Less Educated Mother
: CoMorbidity
No Household Childrer . Not Breastfed
. No Household Childrer
Non-Caucasian Younger Mother
Singleton
Younger Mother
Attended Nursery
Born at '_I'grm Attended Nursery Breastfed for 14
CoMorbidity L Months
Ao (LI CoMorbidity L
Family History of Atopy Younaer Mother CoMorbidity
Male g Younger Mother

Younger Mother

CoMorbidity
- Low Birthweight CoMorbidity
CTliEly No Bedroom Sharing Less Educated Mother
Premature
Premature Younger Mother
Twin

Antenatal ET&xposure
CoMorbidity

Family History of Atopy CoMorbidity Brea'arfettjhfor “
Exposed to ETS Family History of Atopy CoM%nrbiZit
Less Educated Mother Male Exposed to )IéTS

Male Normal Birthweight

Normal Birthweight VEUTEEr v BlluEr

Younger Mother

Breastfed for 14
CoMorbidity Months

Less Educated Mother CoMorbidity S iloigtliy
Less Educated Mother
Premature Less Educated Mother
. Premature
Twin Premature
Twin

Table37: summary table of risk factor impact on select outcomes

CoMorbidity
Female

CoMorbidity

CoMorbidity
Not Breastfed

CoMorbidity

Bedroom Sharing
No Household Childrer
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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 thatcb SOU A @St & | FFSOG SR
total/domain LRSQ score the masthroughout the entire preschool period; have

been identified.

4.6.1 TotalLRSGscore
Throughout the preschool period, total LRSQ score increased when a child: had a

co-morbidity, attendednursery, had a family history of atopy and was breastfed for 1

02 n Y2yiKad ¢KS a02NB5 RSONBildu&iRd. 6 KSy | OKAf
Risk Factor [;:créc;ft;rt] Coefficient 95% ClI p-value
CoMorbidity Increase 9.93 8.37¢11.49 <0.001
Nursery Attendance Increase 3.22 2.20¢4.23 | <0.001
Family History of Atopy Increase 2.05 1.03¢ 3.06 0.001
1-4 Months of Breastfeeding| Increase 1.88 0.15¢ 3.60 0.033
DegreeEducated Mother Decrease -1.72 -3.31¢-0.14  0.033

Table38: the mulilevel mixed effects model for total LRSQ score
4.6.2 Domain 1Daytime Symptoms
Throughout the preschool period, domain 1 score increased when a child: had a

co-morbidity, attended nursery and had a family histaf atopy. The score decreased

GKSY | OKAfRQ&a-edigniekKSNJ ¢l a RSINBS
Risk Factor 2:{;?;? Coefficient 95% ClI p-value
CoMorbidity Increase 1.33 1.10¢1.57 @ <0.001
Nursery Attendance Increase 0.43 0.28¢ 0.58 <0.001
Family History ofAtopy Increase 0.24 0.09¢ 0.40 0.002
DegreeEducated Mother Decrease -0.25 -2.73¢-0.13 = 0.012

Table39; the mulilevel mixed effects model for domain 1 of the LRSQ

4.6.3 Domain 2NightTime Symptoms
Throughout thepre-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.



Direction

Risk Factor Coefficient 95% ClI p-value
of Effect
CoMorbidity Increase 1.50 1.18¢1.83 | <0.001
Nursery Attendance Increase 0.60 0.39¢0.82 <0.001
Singleton Birth Decrease -0.82 -1.53¢-0.10 @ 0.025
Family History of Atopy Increase 0.23 0.02¢0.44 0.030
1-4 Months of Breastfeeding Increase 0.32 0.01¢ 0.64 0.042

Table40: the mulilevel mixed effects model for domain 2 of the LRSQ

4.6.4 Domain 3: Symptoms with Colds

Throughout the preschool period, domain 3 scomecreased when a child: had a

co-morbidity, attended nursery and had a family history of atopy. The score decreased

gKSY I OKAfRY gl & 02Ny I W26 O0OANIKGSA:

Risk Factor Direction Coefficient 95% ClI p-value
of Effect

CoMorbidity Increase 1.86 1.46¢2.26 @ <0.001
Nursery Attendance Increase 1.23 0.97¢ 1.50 <0.001
Family History of Atopy Increase 0.55 0.30¢0.81  <0.001
Low Birthweight Decrease -0.67 -1.14¢-0.19 = 0.006
Sharing a Bedroom Decrease -0.36 -0.61¢-0.06 @ 0.015

Table4l: the mulilevel mixed effects model for domain 3 of the LRSQ

4.6.5 Domain 4: Symptoms without Colds

Throughout the preschool period, domain 4 score increased when a child: had a

co-morbidity and attemled nursery, and their mother was exposed to ETS during

pregnancyThed O2 NB RSONXBI aSR ¢ KS yyedrsold& hdtm@a Y2 (K
of their birth.

Direction

Risk Factor Coefficient 95% ClI p-value
of Effect
CoMorbidity Increase 1.03 0.85¢1.21  <0.001
Maternal Age of Decrease, -0.39 = -0.65¢-0.13 = 0.003
X o-YearsOld
Antenatal ETS Exposure @ Increase 0.24 0.08¢ 0.39 0.003
Nursery Attendance Increase 0.12 0.01¢0.24 0.039

Table42: the mulilevel mixeceffects model for domain 4 of the LRSQ

4.6.6 Domain 5: Symptoms with Increased Activity

Throughout the preschool 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.Thed O2 NE RS ONBI 4 SR ¢ K S yyedrsold#& thd RQ &

time of their birth.

Direction

Risk Factor Coefficient 95% ClI p-value
of Effect
CoMorbidity Increase 1.31 1.09¢1.52 @ <0.001
Nursery Attendance Increase 0.27 0.12¢0.41 <0.001
1-4 Months of Breastfeeding Increase 0.29 0.08¢ 0.50 0.008
M)Kaig‘:;ggj dOf Decrease 040 | -0.72¢-0.08  0.015
Family History of Atopy Increase 0.17 0.02¢0.31 0.021

Table43: the mulilevel mixeceffects model for domain 5 of the LRSQ

4.6.7 Domain 6: Other Respiratory Symptoms

Throughout the preschool period, domain 6 score increased when a child: had a

co-morbidity and shared a bedroom. The score decreased when aatteldded

nursery.
. Direction -
0, S
Risk Fator of Effect Coefficient 95% ClI p-value
CoMorbidity Increase 0.81 0.64¢0.99 <0.001
Nursery Attendance Decrease -0.14 -0.25¢-0.02 = 0.025
Sharing a Bedroom Increase 0.12 0.0004¢ 0.24 0.049

Table44: the mulilevel mixed effects model for domain 6 of the LRSQ

4.6.8 Domain 7: QoL of the Child

Throughout the preschool period, domain 7 score increased when a child: had a
co-morbidity, attended nursery and had a family histofyatopy. The score decreased
when a child shared a bedroom.

Direction

Risk Factor Coefficient 95% ClI p-value
of Effect
CoMorbidity Increase 0.92 0.71¢1.14  <0.001
Nursery Attendance Increase 0.37 0.23¢ 0.52 <0.001
Sharing a Bedroom Decrease -0.23 -0.38¢-0.08 0.002
Family History of Atopy Increase 0.16 0.02¢0.30 0.028

Table45: the mulilevel mixed effects model for domain 7 of the LRSQ

4.6.9 Domain 8: QoL of the Parent

Throughout the preschool period, domain 8core 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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Direction

Risk Factor Coefficient 95% ClI p-value
of Effect
CoMorbidity Increase 1.67 1.40¢1.95 @ <0.001
Nursery Attendance Increase 1.24 1.06¢1.42 <0.001
Living With Other Children = Increase 0.36 0.18¢0.54  <0.001
Family History of Atopy Increase 0.26 0.07¢0.44 0.005
Singleton Birth Decrease -0.70 -1.29¢-0.10 0.021

Table46: the mulilevel mixed effects model for domain 8 of the LRSQ

4.7 Validation of the LRSQ

¢tKA&a aSOdAz2zy 2F GKS NBadzZ 6a RSAONROSa GKS

been calculatd 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. Excellatgrnal consistencyg meaning

'y h ¢was ab®atved in four of the domains: domain 3 (symptoms with colds),
domain 5 (symptoms with increased activitggmain 7 (QoL of the child) and domain

8 (QoL of the parent). Good internal consistegegeaning y° h ¢ was ab®eyved

in the other four domains: domain 1 (daytime symptoms), domain 2 (rtigie
symptoms)domain 4 (symptoms without colds) and domain 6 (other respiratory

symptoms).Table47 describes the internal consistency of eatdmain.

Domain /| NEyol OKQa ! f L. 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

Table47: internalconsistency 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 ackowledged, 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

¢KS LINAYFNE 2062S00A 3 paeéntalirépbrted respirtary ¢ & a G2 R
symptomswithin a populationbasedbirth cohort, asthey arefollowedf 2 y 3A (1 dzZRAY | f & ¢
Not only has the study successfully achieved this objective, but it is the first UK birth

cohort study to do so via a predominantly ord platform. The secondary objective of

GKS [..{ 61 & aiG2 SEIFYAYS lyé aaz20ArliGdA2ya 68
YR SELIZadaNB (2 RATTSNSsuécessigathiedet isiaaNA ¢ & ! I |
through crosssectional and longitudinal ahgses of its cohort. The crosgctional

analysis of the LBBS produced many results, but how exposure to different risk factors

F FFSOGa | OKAf RQa (2aorthntga$thiishovatededfatoryh & G KS Y
wellbeing of preschootaged childrercan be assessed in clinical practice. Mean and

median total LRSQ scores increased untiiridhths-old, then had a general decline

thereafter ¢ suggesting that respiratory wellbeing improves with age. Total LRSQ

scores were most significantly increased hgving a family history of atopy, being

male, having a younger mother, attending nursery, and havingraabidity. Higher

total LRSQ scores were consistently correlated with a worse QoL for children in the

LBBS, and with an even worse QoL for their p&relhe longitudinal analysis revealed

that throughout the entire preschool period, nearhall total/domain LRSQ scores

were significantly increased by having aroorbidity, attending nursery, and having a

family history of atopy. Being born to a degreducated mother, or a mother aged

X o-yearsold, resulted in lower LRSQ scores for certain domaassdid 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 wae validate the LRSQ for use in longitudinal studies. This has
0SSy | O02YLX AaKSRX 0SOldzaS GKS ljdzZSadAz2yyl )

internal consistency when used throughout the first five years of childhood.

5.2 Strengths and Weaknesses

5.2.1 Recrutment 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 studyg accounting for 5.5% of the eligible births at LWH. With greater resources,
recruitment and enrolment could have been higltegspecially if additional locations

KFR 0SSy dzaSR (2 Waz2dz2NOSQ LI NIHIAOALIYyGad ClI
RAGUGNROGA Ay (GKS adaddzRéQa AyOfdzarazy 12ySs (
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
2013.399

¢CKS [..{Qa NBONHZAGYSY:d NIXaGdS gl a t26SNI 0KI
ALSPAC, MAAS and BiB all began their recruitment processes antenatally, and were
able to recruit 72%, 63% and 54% of their eligible populations respecti{et{f 281

Like the LBBS, TCRS recruited immediately after birth, and achieved a recruitment rate
of 78%278If 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?’1274275These studies utilised midwives, paediatricians,
research nurses and/or dedicated recruitment teams to manage their recruitment
drives.?72274.278.287The 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 stud$22°BiBtranslated

its study materials into Urdu and Mirpuri, which increased participation amongst
non-Englishspeaking parents. If the LBBS had also been accessible in languages other
than English, then more parents could have been recruited. In Liverpaayitl have

been useful to have study materials available in Chinese, Polish, Arabic and Gasnali
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these are the most widelgpoken foreign languages. The LRSQ would have to be
validated in these languages first thougt.Both ALSPAC and BiB advedisheir
studies in public places, especially those popular with pregnant wofef*A wider
dzaS 2F I ROSNIUAAAY 3T YI & (KSNBrecuNdEntKlI S 6SSy o
strategy.

A strength of the recruitment process was that it was conducteazentinuously for
almost two years, thereby mitigating seasonal variations in respiratory symptoms.
With yearround recruitment and biannual assessments, even if a child was first
followed-up in Winter (when respiratory symptoms are typically more fregfliethey
would next be followeelp in Summer (when respiratory symptoms are typically less
common) and vice versathus controlling for seasonal effects across the cohort.
Previous birth cohort studies in the UK have recruited for just a week, thus ghakin

them susceptible to seasonal variaticfg 311312

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 BiB and TCRS were older, than their respective eligible study

populations. TCRS had more educated parents than expected#56%2%'These

findings mirror what was seen in the LBBS. Like the LBBS, ALSPAC and TCRS also

contained more Caucasian tthien than was to be expected*278BiB did not have

this problem, because it translated its study materials into Urdu/MirgiifiHad the

LBBS translated its study materials into different languages too, then the

representativeness of ethnic minigies 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 childg¢eas well as less mothers who smoked

during pregnancy. The significantly higher@re t Sy OS 2 F LINBYIl (dz2NB | yR
OANIKGgSAIKIQ AYyTFlrylda yY2y3ad GKS [..{ O2K2NI
respectively, may be explained by the recruitment location. LWH is a tetéaey

maternity centre, so can be expected to witness a highan-average number of

LINBYIl G§dzNBE YR Wi2g 0ANIKGSAIKIinGhe hegriltaly G & ©  { dzO

unit ¢ where the LBBS was advertised. The increased exposure to advertising material,
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from parents who were regularly visiting the neonatal unit, rtfagrefore have

prompted greater enrolment into the LBBS; parental experiences of neonatal research

may also have increasedth@irA t f Ay3ySaa (G2 LI NIGAOALI S t
OANIKGgSAIKIQ AYTFrylda INBE Y2NB frihnfogsod (2 0
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. Questioen@spondents are known to be

f Saa T2NIKO2YAY Haitd, io @dixiito réfldeytie@selvaddn a fositiRe
light. 313 The prevalence of antenatal tobacco smoking and antenatal ETS exposure
(undesirable traits) within the LBBS cohort may #fere be undefreported, and the
prevalence of breastfeeding (a desirable trait) may be @eported. However, there

is also a chance that antenatal tobacco smoking and ETS exposure were pvéed

in the LBBS cohort. In the first questionnaire, iteabsut smoking did not specifically
refer totobacco smokingso parents may have answered these questions with regards
to vaping or cannabis smokiggespecially since the use of vapes was rapidly

increasing throughout the recruitment periodt?

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 capacggquire

about more antenatal and postnatal risk factors, which have previously been

associated with poor paediatric respiratory health. Questionnaires could have easily

a1 SR LI NBydGa | o02dzi 0KSA;Me @Kduéstonae f A Ay I (
couldalsohave asked parents about their own diet, as well as drug use, during
pregnancyAll these risk factors are known to influence respiratory wellbeing during

childhood 59997114118 QKA f RQa SELRad:NB G2 F AN LR dzi
estimated, based on their postcodesimilar to how IMD deciles were calculatéan

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 tahe 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 twinsg due to them sharing the same environment. This makes their data
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less independset, which subsequently makes the cressctional 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 technigiies.

5.2.3 Attrition

AttritionfromG KS [ . . { &1 & 2 eakhes’es. Alirifob was gretziest il &
the third questionnaire at 16nonths-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.?74277.278The rate of attrition was therefore much higher in the LBBS, than in
previousregional birth cohort studies. To keep their participants engaged, the previous
studies utilised: websites, newsletters, social media updates, birthday cards, press
briefings and local meeting¥'1:2722810f these, the LBBS had birthdagards, a

website and a newsletter. Due to the evehanging research team, the latter two

became neglected which may have resulted in disengagement, and then attrition,

from some parents. A consistent research team has previously been proven to aid
participant retertion, as has: sending phone call reminders, offering alternative
methods of datacolldcA 2 Yy X | YR A & & dzA yHAlthotigh Be LBBRSNIAR 2 O dzY Sy
not issue telephone reminders, it did use email reminders to prevent attrition. The
effectiveness ofeminders is contradictory however: one systematic review found

them to be the most useful tool for reducing attrition, yet another found them
detrimental to response rate$?*35The LBBS did not offer a monetary incentive

either, which is known to increase questionnaire response rfe.

TheseOl f f SR WRAIAGIf RADGARSQ Yl é KI @S

towards attrition. 22% of parents indicated a desio receive postal questionnaires

(@]

(0p))

(0p))
<

during the pilot recruitment study, even though 97% of households with children in
the UK had internet access in 208%.This may have been an indication that the study
was not accessible to the entire eligible stymbpulation, so when the LBBS stopped
using postal questionnaires, those without internet access would have toeeadto
drop-out. That attrition was particularly high amongst deprived and less educated

individuals in the LBBS, may therefore be explamalyl poorer internet access rates
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amongst these groups!®329Given that deprivation and a lower level of maternal

education are known risk factors for poor paediatric respiratory health (see Section
HPoVX GKS WRAIAGFf RAABBDQInt6duding b sedelty KI S ¢
bias. If the children who were most exposed to harmful risk factors, were also being

forcedto drop-out, then only the healthiest children would remain in the LRBS

average LRSQ scores would become lower.

Despitethef . . { Qa T GONRGA2Y NI GS o0SAYy3rididdBSl G SNI
of those who do dropout 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?3Mothers with the same characteristics were lost from the LBBS at a greater
ratetoocSaLISOALFff& (K2aS tAGAYy3a Ay GKS Y2ald R
strengths therefore, was that in order to mitigate for imbalances in IMD decile

representaton 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, Kcsttgl. found that

attrition was makedly increased amongst children whose parents smoked during
pregnancy3?! 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 @maturely, no?/ I dzOl &AF Yy~ 2NJ 02Ny Fa |

Anotherofi KS [ .. { Q& aGNBy30Kaz ¢glta GKIFIG AG KIR
contact participantg, which should have prevented some attrition. Previous birth

cohort studies have relied orontacting 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 uncontactalea G KS [ . . { él a o6dGK
online birth cohort studypnly 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 welaccepted by many parents. In the early PPI sessions, some parents

were disappointed that thegould not be further involved with the studs?® This

ddza3Sada GKIFIG GKS addzReQa 202S00A@0Sa 6SNS

parents may have been endeavoured to remain involved with the study.
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5.2.4 CrossSectional Analysis

The crosssectional 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 crossectional analysis, implies that the study was valid. The results
of the crosssectional 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 wemmmbinedfor the crosssectional analysis, to

create fewerg but largerc 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 crossectional 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 haveden sourced from clinical records to increase the statistical power

of its analyseg just as BiB did, and-GULL will in the future?.2281,283

The presence of type | errors in the results of the cismstional analysis, was one of
0§KS [ .. { Se& BréaSdeding Ba% associated with higher total LRSQ scores at
34-monthsold. Most literature describes breastfeeding as being protective towards
paediatric respiratory health, such an effect was seen in various domains at the other
timepoints.>%52 The type | error at 34nonthsold is therefore likely to be a chance
finding. The negative impact of smoking on respiratory health isegtdiblished, yet

at 16 and 34months-old, higher domain scores were seen amongst children whewer
not exposed to ETS, or whose mother dimt smoke antenatally?6-111.135140These are

also likely to be chance findings, but an alternative explanation is that the
crosssectional analysis was inadvertently assessing the impd€tT&indvaping. As
mentioned in Section 5.2.2 of this thesis, some parents may have reported their vaping
ai0FiddzAa NIYGKSNI 0KIFIYy GKSANI G261 002 avyz21Ay3a aidl

to cause children to wheeze, cough and experience more freigquspiratory illness,
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it may not be as harmful as ETS upon paediatric respiratory he#ililns potentially

explaining why LRSQ scores were not necessarily worse amongst children who were
exposed to ET82At 28 and 52months2 f R | Wy 2 NWwastasQociatddNIi K 6 S A 3
with higher total LRSQ scores and various domain scores. However, most research
AYRAOF(GSa GKIG | Wt 2 gpaduliaticliekpiraoky AdalihhotA & RS G 1
vice versa?® Given how marginal the-palues for this particularisk factor were, its

significance may have been owexaggerated in the crossectional analysis. Prior

research suggests that sharing a bedroom is adverse towards paediatric respiratory

health; despite the LBBS finding the opposite to be true-atohthsold, a type | error

should not automatically be assumed, because research in the field is often
contradictory.!1133That type | errors clearly exist in the cresctional results of the

LBBS, does question how valid the rest of the resultg aetey should be

interpreted with caution.

Inaccurate reporting of respiratory symptoms could have been another weakness of

the LBBS. Most parents are not medicajiyalified, so their perception of what a

symptom looks/sounds like may differ greatly from YSRA Ol f LINRFS&aairzyl
McKenzie found that 59% of parents could identify a wheeze from a video clip, and

47% could identify other respiratory noises (e.g. strid&dIf a lot of parents have
YAAAY(GSNLINEBGSR {KSA Ne@rvalénteNRliffaant res@rafdryl 2 Y a =
symptoms throughout the crossectional 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 canttoo.

The crosssectional analysis of the LBBS was also likely to have been weaketied by

use ofunivariate statisticsL y G KS NBIf @g2NI RX A0 A& KAIKTE
respiratory health will be influenced by more than one risk factor. Thesfdhbt that

the presence of coariates was not considered whilst conducting the cresstional

analysis, may potentially have confounded the results. For example, the prevalence of

RTIs is known to be higher amongst children who attend nursery, or iikeother

children; coughing is a common symptom of Ra%392.931 Therefore, if the LBBS

were to find that children who attended nurseaynd lived with other children had an

increased prevalence of coughing, then it would not be possible to codaelhether
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both risk factors were genuinely responsible for the increase 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 beeninsed,;
multivariate statistics are able to establish a relationship between various risk factors,
and an outcome. This removes the potentially confounding effects-ohaates, and

makes results more reliable.

Another strength of therosssectional analysis, was the minimal risk of it being

confounded by recall bias. Recall bias is a phenomenon whereby respondents to a

selfreport questionnaire provide incorrect responses, because of their inability to

accurately recall past event®*As aprospectivebirth cohort study, the LBBS only

NBIljdZA NBR LI NByda (2 NBOIff GKSANI OKAf RQa aey
three months prior to completing a questionnaire. Three months is a relatively short

recall period, so the inflence of recall bias should have been I8%.

The assumed linearity of correlations between total LRSQ score and total QoL score,
may be an additional weakness of the crgestional analysis. There is a possibility

that the relationship is actually malinear. Figure 63hows that at 4émonths-old,

total QoL score increases alongside total LRSQ saongl the latter reaches around

60; total QoL scores then appear to decrease, whilst total LRSQ scores continue to
increase. Such a trend is likely apgrat, 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 AlS | dz 2y OS (GKS &aS@OSNRGe 27
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 entinedar ¢ 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-dubog*® The
longitudinal analysisf the LBBS was therefore strengthened by the use of Aevgl
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 datase£®It could have been possible to complete the dataset with

AYLziF A2y 6KAOK Ay@2f @Sa adz ad@tédzi Ay3 Y
based off of previous responsed}¢-3?’However, the fact that respiratory symptoms

are proneto fluctuate @S NJ GAYSS g2dzf R KIS YIRS GKS LN
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 analydeThis 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 longitudiral analysis. le Cagt al. suggest that longitudinal studies benefit from
parentallycompleted questionnaires, because such questionnaires are better at

detecting change, compared to those completed by childf&Hf parents were able

to noticectangesA Y G KSA NJ OK A f R Q &hrodgBoat iz INBBS) théiBhe & & Y LJi
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 analysigraeg A 1 K 2 0 KSNEQ FTAYRAY3I& D
Section 2.3 of this thesis, nursery attendance, having-aaidity, being born at a

Wi 2g OANIKESAIKIQE YR KFEGAY3I  FlLYAT & KA?Z
paediatric respiratory diseasgalong 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 to#:1°4122The existing literatureontains

conflicting evidence as to how shariagpedroom, and living with other children,

impactsthe prevalence of paediatric respiratory disea®e11133¢ KS [ . . { Q&
longitudinal analysialsoproduced conflicting evidence as to how sharing a bedroom

affects the prevalence of respiratory disease in the-gpcbool periodhowever living

with other childrenwas only found to béncrease the prevalence of respiratory

disease

Not every result from the logitudinal 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 agllomain 2 and domain 5 scores during the
pre-school period®®61The 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 thietective effectq which may explain

why children who were breastfed for less time had worse sc8fé€8Also, previous
research by Wrighet al.found that breastfeedingncreasedhe risk of wheezing
amongst atopic children with atopic mothef8.Since having a emorbidity 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 | error.

5.2.6 Validation of theLRSQ

The internal consistency of the LRSQ was stronger when analysed longitudinally, than
when analysed crossectionallyg suggesting that the LRSQ is more suitable for
longitudinal use, thanforon8 T ¥ dzaS® ¢KS [w{v akK2gSR I|dzSai
6h x nodyo AYOISNYI t -ceetigrally,aviichis Smilardokhn® y dza SR

findings of when Trinickt al. used te questionnaire on prschootaged children with

O«
Z >
B

CF " Trinicket al.also found the internal consistency of domain 2 to be weakened, by
including the question about snorintf’ The LBBS does not support this finding,
because the alpha of domainw&as 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 fagitadinal use, was another

strength of the validation. 114 children were used to validate the original LRSQ, which

has drawn criticism from Strippdadt al. for being too small a sampl&:318All 687

children in the LBBS cohort were included in thedation, because tegtietest

stability was not being assessed. Fesest stability is a measure of reliability, which
NEBLINSaSyida | (22t Qa FLIWNAGAdZRS F2NJ NBLINE RdzOA y 3
delivered at different timepoints. In the LBBS, itvdak LJISOG SR G KIF G | OKAf RQ:
to the LRSQ would change between timepoinsd assessing tesetest stability was

not applicable. If testetest stability had been assessed, then children would have to
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of been excluded if they had missing dgtas hey were in the original validationso
0KS [ .. {Q &l Ydslif& sninedibwevertesefest stability could

have been assessed hog using duplicated responses from the uncleansed dataset.

The accessibility of the LRSQ was a limitaticch@fts validation. The questionnaire is
appropriately readable, because a Flesch reading ease test was conducted as part of its
original validation*3However, because the LRSQ has not been validated in a

language other than English, it cannot be dis® norEnglishspeaking parents. This

prevents it from being used in future longitudinal studies, in many locations across the
G2NI R® | y2U0KSNI 6SI{ySaa 2F GKS fofthesr Qa QI £ 7
F2dzNI K 1jdzSa G A2y Yyl AdeBainddliere/is no apparedtTogidibétnd [ w{ v ¢
this finding, so it likely to be due to chance. If the fourth questionnaire were to be

SEOf dZRSR FTNRBY / NRyol OKQ& | f LK |evetyldén@idzt | G A 2
would improveg 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 resehers.*3146.147For 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 facilitatits use outside of anglophone countries. Additionally,

if a clinically meaningful change in LRSQ s¢@aecording to both clinicians and

parentsq was calculated, then the questionnaire could be validated as not just a tool

for measuring symptom prevatee, but also for monitoring disease severity/control.
Many other paediatric respiratory symptom questionnaires have established clinically
YSFEYAYy3IFdzZ OKFy3ISa Ay GKSANI a02NBs +Fa | gt
andlor QOL are Worseniné?4,187,191,197,202,208,217,246

The LBBS has clearly identified how the respiratory health e§@reotaged children

is detrimentally impacted by: being male, having ancarbidity, attending nursery,

having a family history of atopy, and having a youngether. Therefore, future

research should now focus on how ledsarly 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, sharingesdloom, birthweight, and

multiple birth.

Data collection for the LBBS ended eighteen months before the height of the @9VID
pandemic, but the study still has access to its cohort of children and parents. If some of
the cohort was willing to get reinvegd with the LBBS, then nefuture 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 avaitable, f
external researchers to use. There is potential for this dataset to be used in systematic
reviews, metaanalyses or epidemiological studies. The dataset could even be

incorporated into a larger birth cohort studynot unlike MeDAL32°
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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 birthweightinfants, 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 ¢ mostly in the fist sixteen months of study. More deprived families and less
educated mothers were particularly likely to dropit of the LBBS, thus accentuating

any disparities between the LBBS cohort and the population of Liverpool.

From the crossectional and longitdinal 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 awaorbidity, nursery attendance, having a

family history of atopy, being m&l 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 asw@ldzi y 20 & LR22NJ a4 G§KSA
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-schootaged children, and subsequepnimprove 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-schoolaged children. Across the firste 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 preschootaged children.

213



Rderences

10.
11.

12.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.
26.
27.
28.
29.
30.
31.
32.

33.
34.

35.
36.
37.

214

Upton C, Thalange N. Respiration. In: Essentials of Paediatrics. 2nd ed. Saunders; 2Q137p. 99

Lissauer T, Carroll W. Respiratory Disorders. In: lllustrated Textbook of Paediatrics. 5th ed. Elsevier Limited; 2017. p.
294c319.

Burki TK. The economic cost of respiratory disease in the UK. The Lancet Respiratory Medicine. 2017 May;5(5):381.
Panickar JR, Dodd SR, Smyth RL, Couriel JM. Trends in deaths from respiratory illness in children in England and Wales
from 1968 to 2000Thorax. 2005 Dec 1;60(12):1@85

British Lung Foundation. Lung disease in the; Blg picture statistics [Internet]. [cited 2020 Dec 4]. Available from:
https://statistics.blf.org.uk/lungdiseaseuk-big-picture

World Health Organization. Pneumia [Internet]. 2019 [cited 2020 Nov 23]. Available from:
https://www.who.int/news-room/fact-sheets/detail/pneumonia

Marcdante KJ, Kliegman R. Allergic Rhinitis. In: Nelson Essentials of Pediatrics. 8th ed. Philadelphia: ElseviepInc.; 2018.
323c5.

Finkas LK, Katial RK. Rhinitis. In: ENT Secrets. 4th ed. Philadelphia: Elsevier Inc.; 2QT2. p. 167

British Lung Foundation. Asthma statistics [Internet]. [cited 2020 Dec 4]. Available from:
https://statistics.blf.org.uk/asthma

NinoG.BBYyOKA2f AiiAa yR 2KSSTAy3ad LyY bSiGiGSNDERX SRALF GNAOa®
Lt f W2E 5FAya W9I Cfeéyy W s {2f2Y2y . {3 {086 NI w2 /
Interprofessional Approach. 9th ed. St Louis: Elsevier Inc.; 2018. 8183

National Institute for Health and Care Excellencehist diagnosis, monitoring and chronic asthma management.

2017.

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 dbafrallergy and clinical immunology. 2009

Apr;123(4):9646.

Dargaville PA, South M, McDougall PN. Surfactant abnormalities in infants with severe viral bronchiolitis. Archives of
Disease in Childhood. 1996 Aug 1;75(2)¢B33

Jat KR, Chawla Burfactant therapy for bronchiolitis in critically ill infants. Vol. 2015, Cochrane Database of Systematic
Reviews. John Wiley and Sons Ltd; 2015.

Marcdante KJ, Kliegman RM. Croup (Laryngotracheobronchitis). In: Nelson Essentials of PediaicBhiigdelphia:

Elsevier Inc.; 2018. p. 38800.

Cystic Fibrosis Trust. Cystic fibrosis complications and symptoms [Internet]. [cited 2021 Jun 10]. Available from:
https://www.cysticfibrosis.org.uk/whats-cysticfibrosis/howdoescysticfibrosisaffect-the-body/cysticfibrosis

complications

National Institute for Health and Care Excellence. Cystic fibrosis: diagnosis and management. NICE; 2017.

Atik A, Krilis M. Epiglottitis in a vaccinated child: a lifesaving diagnosis. Hong Kong Journal of Emergency Medicine.
2012;19(2):13840.

Public Health England. The National Childhood Flu Immunisation Programme 2019/20: Information for healthcare
practitioners. 2019.

National Institute for Health and Care Excellence. Influeseasonal: How common is it? [Internet]. 2019 [cited 2020

Apr 5]. Available from: https://cks.nice.org.uk/influengaasonal#!backgroundSub:1

World Health Organizain. Influenza (Seasonal) [Internet]. 2018 [cited 2020 Apr 5]. Available from:
https://lwww.who.int/en/news-room/fact-sheets/detail/influenza(seasonal)

Public Health England. Greenbook of Immunisation: ChapteirffRienza. 2019.

Ison MG, HaydeFG. InfluenzaGoldmanCecil Medicine, , .e3. In: Goldm&ecil Medicine. Philadelphia: Elsevier; 2019.

p. 2156,62.

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):629.

Marcdante KJ, Kliegman RM. Pneumonia. In: Nelson Essentials of Pediatrics. 8th ed. Philadelphia: Elsevier Inc.; 2018. p.
4028.

Gnani S, Morton S, Ramzan F, Davison M, Ladbrooke T, Majeed A, et al. Healthcare use among preschool children
attending GHed urgent care centres: A descriptive, observational study. BMJ Open. 2016 Jun 1;6(6):e010672.

National Health Service. Resgry tract infections (RTIs) [Internet]. 2018 [cited 2020 Nov 24]. Available from:
https://www.nhs.uk/conditions/respiratorytract-infection/

Latzin P, Frey U, Roiha HL, Baldwin DM, Regamey N, Strippoli MPF, et al. Prospectively assessedeneiitynesds
determinants of respiratory symptoms in the first year of life. Pediatric Pulmonology. 2007 Jan;4XQ):41

Polverino M, Polverino F, Fasolino M, Andd F, Alfieri A, De Blasio F. Anatomy anpatkeaphysiology of the cough

reflex arcVol. 7, Multidisciplinary Respiratory Medicine. BioMed Central Ltd.; 20125p. 1

Dennis M, Bowen WT, Cho L. Respiratory Signs. In: Mechanisms of Clinical Signs. 3rd ed. Chatswood: Elsevier Australia;
2020. p. 85173.

Banzett RB, Lansing RBinks AP. Air Hunger: A Primal Sensation and a Primary Element of Dyspnea. 2021,

Scano G, Ambrosino N. Pathophysiology of Dyspnea. Lung. 2002 May 27;1848):131

University of lowa Health Care. lowa Head and Neck Protocols: The Evalu&tadafin Pediatric Patients [Internet].

2019 [cited 2020 Nov 16]. Available from: https://medicine.uiowa.edu/iowaprotocols/evaluatiodor-pediatric

patients

I FGK2NY Lo ¢KS SIENE y23aS8S yR GKNRIFIG® LYY al@i.S2RQa /fAYyAOl ¢

Scholes S, Mindell JS. Health Survey for England 2018: Asthma. 2019 Dec.
Asthma UK. Asthma facts and statistics [Internet]. [c2680 Nov 18]. Available from:
https://www.asthma.org.uk/about/media/factsandstatistics/

- v

9



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Kwong CG, Bacharier LB. Phenotypes of wheezing and asthma in preschool children. Current opinion in allergy and
clinical immunology. 2019;19(2): 1&3.

Herderson 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 ithilthood. Thorax. 2008 Nov;63(11):74

80.

Brand PLFBaraldi E, Bisgaard H, Boner AL, CeRtrdriguez JA, Custovic A, et al. Definition, assessment and treatment

of wheezing disorders in preschool children: An evidemesed approach. European Respiratory Journal. 2008
Oct;32(4):1096110.

Esposito STenconi 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.

Kurt OK, Zhang J, Pinkerton KE. Pulmonary healtht®fiéair pollution. Vol. 22, Current Opinion in Pulmonary

Medicine. Lippincott Williams and Wilkins; 2016. p. ¢&8

British Lung Foundation. The health and economic impacts of toxic air in Liverpool City Region. 2020 Jan.

adzRgl @& L{3ZX 5dzyRF& LX 222R 19X alNIAY bXI WHYlIfdRAY W. I .NBY
ljdzZ £ Ad & I y RiratrKkHedltiR dN&guenial aNdia erbssctional study. The Lancet Public Health. 2019
Jan;4(1):e2840.

Gauderman WJ, Avol E, Lurmann F, Kuenzli N, Gilliland F, Peters J, et al. Childhood Asthma and Exposure to Traffic and
Nitrogen Dioxide. Epideimlogy. 2005 Nov;16(6):7843.

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.

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¢3p122

Siddigque S, Ray MR, Lahiri T. Effects gfadiiution on the respiratory health of children: A study in the capital city of

India. Air Quality, Atmosphere and Health. 2011 Jun 13;4@®5

.NRAGAEAK [dzy3 C2dzyRIFIGA2yd 126 R2Sa FANJ LI tdctfiMajable T FSOG OKA
from: https://www.blf.org.uk/supportfor-you/risksto-childrenslungs/airpollution

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 birtleohort. European Respiratory Journal. 2007 May 1;29(5483.9

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.

Barnett AG, Williams GM, Schwartz J, Neller AH, Best TL, Petroesdklevsksl. Air pollution and child respiratory

health: A caserossover study in Australia and New Zealand. American Journal of Respiratory and Critical Care Medicine.
2005 Jun 1;171(11):1228.

Marfortt DA, Josviack D, Lozano A, Cuestas E, Agi€astreRodriguez JA. Differences between preschoolers with
FadKYlI FyR FttSNHBASE Ay daNDBlFy FYR NHNIt SYyZBANRYyYSyGao ¢KS
Care of Asthma. 2018;55(5):4/&)

Fredriksson P, Jaakkola N, Ja#kKkdK. Breastfeeding and childhood asthma:-pesik populatiorbased cohort study.

BMC Pediatrics. 2007 Nov 28;7.

Puig C, Sunyer J, Garéilgar O, Mufioz 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):140611.

Liverpool Public Health Epidemiology Team. State of Child Health Répenpool 2019. 2019.

Fisk CM, Crozi8R, Inskip HM, Godfrey KM, Cooper C, Roberts GC, et al. Breastfeeding and reported morbidity during
AyTlLyOey FTAYRAYIA FNRBY (GKS {2dziKlIYL2y 22Y8¢¥Qa {dNBSeo al i
Dogaru CM, Nyffenegger D, Pescatore AM, SpyBbe Kuehni CE. Breastfeeding and childhood asthma: systematic

review and metaanalysis. American journal of epidemiology. 2014 May 15;179(10)6¥53

CastreRodriguez JA, Forno E, Rodrigietinez CE, Celeddn JC. Risk and Proteletietors 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):111%22. Available from: /pmc/articles/PMC5107168/?report=abstract

Oddy WH, Sly PD, de Klerk,Niendau 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(83.224

Silvers KM, Frampton CM, Wickens K, Epton MJ, Pattemore PK, InghamBreetséfleeding protects against adverse
respiratory outcomes at 15 months of age. Maternal and Child Nutrition. 2009;5(85243

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)cIR2Available from:
http://www.ncbi.nlm.nih.gov/pubmed/11182011

Galton Bachrach VR, Schwarz E, Lela ;, Bachrach R. Breastfeeding and the Risk of Hospitalization for Respiratory Disease
in Infancy A Metaanalysis. Vol. 157, Arch Pediatr Adolesc Med. 2003.

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 childee8etven Northeast Cities Study. Indoor Air. 2016

Aug 1;26(4):61422.

Launes C, Garefaarcia JJ, Martindlanas A, Moraga F, Soldevila N, Astigarraga I, et al. Clinical features of influenza
disease in admitted children during the first postpandemséason and risk factors for hospitalization: A multicentre

Spanish experience. Clinical Microbiology and Infection. 2013 Mar 1;19(3)62157

Greenbaum AH, Chen J, Reed C, Beavers S, Callahan D, Christensen D, et al. Hospitalizations foerseasgieditmmy

tract infections. Pediatrics. 2014 Sep 1;134(3)d%46

Rylance J, McHugh G, Metcalfe J, Mujuru H, Nathoo K, Wilmore S, et al. Chronic lung disedaéeirteédl \¢hildren

established on antiretroviral therapy. AIDS. 2016 Nov 28;30(18)¢3035

Trinick RE, Bunni L, Thorburn K, Hackett AP, Dalzell Marivioll 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).

215



69. Skirrow H, Wincott T, Cecil E, Bottle A, Costell&a&ena S. Preschool respiratory hospital admissions following infant
bronchiolitis: a birth cohort study. Archives of Disease in Childhood. 2019 Jul;104¢BB658

70. Karevold G, Kvestad E, Nafstad P, Kvaerner KJ. Respiratory infections in school€eli@bidity and risk factors.
Archives of Disease in Childhood. 2006 May;91(5§391

71. Lee ¥S, Tsao+€, Jeng M, Soong W. 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 COVHD9 pandemic. The Lancet Respiratory Medicine. 2020 Aug 1;8(§3.762

73. Moore HC, de Klerk N, Blyth CC, GilBerFathima 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.Mag®(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)2419

75. Homaira N, Mallitt KA, Oei JL, Hilder L, Bajuk B, Lui K, et al. Risk factors associated with RSV hospitalisatio in the first
years of life, among different subgroups of children in NSW: A wifgb@pulationbased 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;83%):528

77. hQ52yyStt 5% tFNARt26 wX 5NILISNI 9 SSLINAGFGA2yS SGKyAOAGa FyR 1
Acta Paediatrica. 2010 Mar 18;99(8):1¢86.

78. Poyser MA, Nelson H, Ehrlich RI, Bateman ED, Parnell S, Puterman A, eiesloSamiic deprivation and asthma
prevalence and severity in young adolescents. European Respiratory Journal. 2002 May 1;18(5):892

79. Austin JB, Selvaraj S, Godden D, Russell G. Deprivation, smoking, and quality of life in asthma. Archivesrof Disease
Childhood. 2005 Mar 1;90(3):268

80. Pool JB, Greenough A. Ethnic variation in respiratory function in young children. Respiratory Medicine. 1989;83(2):123
5.

81. Lum S, Bountziouka V, Sonnappa S, Wade A, Cole TJ, Harding S, et al. Lunghfahitticeniin relation to ethnicity,
physique and socioeconomic factors. European Respiratory Journal. 2015 Dec 1;46¢8)1662

82. Boardman JD, Finch BK, Hummer RA. Race/ethnic differences in respiratory problems among a maficzsdiytative
cohott of young children in the United States. Population Research and Policy Review. 2001;2¢#85187

83. Ganesh B, Payton Scally C, Zhu J, Skopec L. The Relationship between Housing and Asthma arfuge Guitdrein.
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, 1:20@4. Pediatrics. 2009;124(4).

85. DNl & [9YZI t2yazzyoe !'s [AYy ¢-3 hQlSte ax [/ 2ffASNICZ wly3arkyldKly

Australian infants despite low rate of materr@djarette smoking. Journal of Paediatrics and Child Health. 2019 Dec
29;55(12):143744.

86. VeneroFernandez SJ, Suaidedina R, Moréraife EC, Garefaarcia G, Valmfante |, GomeMarrero L, et al. Risk
factors for wheezing in infants born in culaJM. 2013;106(11):1028.
87. PellegriniBelinchdn J, Lorent€oledano F, Galinddillardén P, Gonzéle2arvajal |, MartitMartin J, Mallol J, et al.

Factors associated to recurrent wheezing in infants under one year of age in the province of Sal&paincas
intervention possible? A predictive model. Allergologia et Immunopathologia. 2016 Jul 30;44¢S):393
88. BercedeSanz A, Lastilartinez L, PellegrisBelinchén J, Vicent&alindo E, Lorent&oledano F, Garcidarcos L.
Wheezing and risk faate in the first year of life in Cantabria, Spain. The EISL study. Allergologia et Immunopathologia.
2015 Nov 1;43(6):5452.
89. Nicolaou NC, Simpson A, Lowe LA, Murray CS, Woodcock A, Custovicake@étgndance, position in sibship, and
early childvood wheezing: a populatiebased birth cohort study. The Journal of allergy and clinical immunology
[Internet]. 2008 Sep [cited 2020 Oct 25];122(3):#065. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18774386

90. Goetghebuer T, Kwiatkowski D,ofhson A, Hull J. Familial susceptibility to severe respiratory infection in early life.
Pediatric pulmonology. 2004 Oct;38(4):§81
91. /T NR2&a2 aw!3 [/ 2d&ASya {bX 5SS Ds5Sa {AljdSAN}I [CXZ ! f@Sa8 CaX 5Q! y3¢
lower respiratory disease in young children? BMC Public Health. 2004 Jun 881(1):1
92. Alexandrino AS, Santos R, Melo C, Bastos 3kifditors for respiratory infections among children attending day care
centres. Family Practice. 2016 Apr 1;33(2)cB51
93. McConnochie KM, Roghmann KJ. Parental Smoking, Presence of Older Siblings, and Family History of Asthma Increase
Risk of Bronchbiitis. Archives of Pediatrics & Adolescent Medicine. 1986 Aug 1;140(8):806.
94. Strachan DP, AKhaled N, Foliaki S, Mallol J, Odhiambo J, Pearce N, et al. Siblings, asthma, rhinoconjunctivitis and

eczema: A worldwide perspective from the InternatioB&lidy of Asthma and Allergies in Childhood. Clinical and
Experimental Allergy. 2015 Jan 1;45(1) &%

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 childrerwith moderate to severe asthma. Air Quality, Atmosphere and Health. 2020 Feb 1;13¢8y.247

96. YStte {3 wSygAaOl {=Z {YINI WI 2Aift azYondTéermCanditbmslRaspifat@rsi W2 Ay G { G NI (
Disease [Internet]. 2017 Aug [cite@20 Oct 8]. Available from: www.england.nhs.uk/coffanrvalue/

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 [Inter2€].6 Dec 28 [cited 2020 Oct 28];25(8):1858.
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 birthweight at term: the PIAMA Birth Cohort. American journal of respiratory and critical care medicine [Internet].
2007 May 15;175(10):10¢85. Available from: http://www.ncbi.nim.nih.gov/pubmed/17290040

216



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.
109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

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
8SINBEY da/KAfRNBY 2F MphpTé OANIK O2K2NI P {OASYdATAO wSLRNIA
Brew BK, Marks GB. Perinatal factors and rasmiy health in children. Clinical & Experimental Allergy. 2012
Nov;42(11):16249.

Mu M, Ye S, Bai M, Liu @, Tong Y, WangFs et al. Birth Weight and Subsequent Risk of Asthma: A Systematic Review
and MetaAnalysis. Heart, Lung and Circulati#14 Jun;23(6):5XD.

Mebrahtu TF, Feltbower RG, Greenwood DC, Parslow RC. Birth weight and childhood wheezing disorders: a systematic
review and metaanalysis. Journal of Epidemiology and Community Health. 2015 May;69¢8:500

Cilla G, Sasua A, Montes M, Arostegui N, Vicente D, P&faza 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):50613.

Meisner Hvd M, Skovlund CW, Mgrch LS, Lidegaard @. Maternal age and child morbidity: A Danish national cohort
study. 2017; Available from: https://doi.org/10.1371/journal.pone.0174770

Bonellie S. Effect of maternal age, smoking and deprivation on birthwélgktiatric and Perinatal Epidemiology.
2001;15(1):1826.

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):13485.

Laerum BN, Svanes C, Wendzatsen 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(%81431

Infante-Rivard C. Young maternal age: a rigkdafor childhood asthma? Epidemiology. 1995 Mar;6(2)cB08

AlvarezAlvarez |, Niu H, Aguinagntoso |, GuilletGrima F. Prevalence and risk factors for wheezing in infants in the
region of Pamplona, Spain. Allergologia et Inmunopathologia. RG#611;44(5):41621.

de Jong BM, van der Ent CK, van Putte Katier N, van der Zalm MM, Verheij TIM, Kimpen JLL, et al. Determinants of Health
Care Utilization for Respiratory Symptoms in the First Year of Life. Medical Care [Internet]. 2007 Xidd@t5@8

Available from: http://journals.lww.com/000056520070800000008

Koch A, Mglbak K, Homge P, Sgrensen P, Hjuler T, Olesen ME, et al. Risk factors for acute respiratory tract infections in
young Greenlandic children. American journal of epid#ogy [Internet]. 2003 Aug 15;158(4):3B#. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12915503

Haberg SE, Stigum H, London SJ, Nystad W, Nafstad P. Maternal obesity in pregnancy and respiratory health in early
childhood. Paediatric and Reatal Epidemiology. 2009 Jul;23(4):862.

Ferolla FM, Hijano DR, Acosta PL, Rodriguez A, Duefias K, Sancilio A, et al. Macronutrients during pregnancy and life
threatening respiratory syncytial virus infections in children. American journal pira¢sry and critical care medicine.

2013 May 1;187(9):9830.

Bédard A, Northstone K, Henderson AJ, Shaheen SO. Mediterranean diet during pregnancy and childhood respiratory
and atopic outcomes: birth cohort study. European Respiratory Journatiet]. 2020 Mar;55(3):1901215. Available

from: http://erj.ersjournals.com/lookup/doi/10.1183/13993003.0122919

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;

Willers SM, Devereux G, Craig LCA, Mc@®eWijga AH, Abou-Elagd W, et al. Maternal food consumption during
pregnancy and asthma, respiratory and atopic symptomsyiads-old children. Thorax. 2007 Sep;62(9):293

Kloepfer KM. Maternal dietary antioxidant intake in pregnancy arildiebod respiratory and atopic outcomes: Birth

cohort study. Vol. 144, Pediatrics. American Academy of Pediatrics; 201¢9p. S8

Tromp |IM, Kieftede Jong JC, de Vries JH, Jaddoe VWV, Raat H, Hofman A, et al. Dietary patterns and respiratory
symptams in preschool children: the Generation R Study. European Respiratory Journal [Internet]. 2012 Sep;40(3):681
9. Available from: http://erj.ersjournals.com/lookup/doi/10.1183/09031936.00119111

Cepeda AM, Thawer S, Boyle RJ, Villalba S, Jalleiids, Eagt al. Diet and Respiratory Health in Children from 11 Latin
American Countries: Evidence from ISAAC Phase llI. Lung. 2017 Dec 28;189¢):683

Papamichael MM, lItsiopoulos C, Susanto NH, Erbas B. Does adherence to the Mediterraneanatietaryepuce

asthma symptoms in children? A systematic review of observational studies. Public Health Nutrition. 2017 Oct
14;20(15):272234.

Van Der Gaag E, Brandsema R, Nobbenhuis R, Van Der Palen J, Hummel T. Influence of Dietary AdviGrdraluding
Vegetables, Beef, and Whole Dairy Products on Recurrent Upper Respiratory Tract Infections in Children: A Randomized
Controlled Trial.

Ofman G, Pradarelli B, Caballero MT, Bianchi A, Grimaldi LA, Sancilio A, et al. Respiratory Failutle imndulezrable
Premature Children With Lower Respiratory Tract lliness. The Journal of infectious diseases. 2020 Sep 1;282(7):1129

[ Sé6Aa Yax wdzAl a3 D2fRoflGd t I a2NNaA2bffspvlg asttamdliskin 5% C2 NI & i
10 European cohort studies. European Journal of Epidemiology [Internet]. 2017 Sep 1 [cited 2020 Nov 1];6208):797
Available from: /pmc/articles/PMC5662657/?report=abstract

Strémberg Celind F, Wennergren G, Vasileiadéur$ B, Aberg N, Goksér E. Higher parental education was associated
with better asthma control. Acta Paediatrica. 2019;108(5)@&0

Rocha V, Soares S, Stringhini S, Fraga S. Socioeconomic circumstances and respiratory function from childiiood to earl
adulthood: A systematic review and metaalysis. Vol. 9, BMJ Open. BMJ Publishing Group; 2019.

Kotecha SJ, Lowe J, Kotecha S. Does the sex of the preterm baby affect respiratory outcomes? Breathe. 2018
Jun;14(2):1047.

Vrijlandt EJLE, Ké&jlens 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):12310.

Edwards MO, Kotecha SJ, Lowe J, Richards L, Watkins WJ, Kotechae®mBairth is a risk factor for wheezing in

childhood: A&nbsp;crossectional population study. Journal of Allergy and Clinical Immunology. 2015;13R838%®.

217



129. IslamJY, Keller RL, Aschner JL, Hartert T V, Moore PE. Understanding tharBhioohglerm Respiratory Outcomes of
Prematurity and Bronchopulmonary Dysplasia. American journal of respiratory and critical care medicine. 2015 Jul
15;192(2):13456.

130. Verheggen M, Wilson AC, Pillow JJ, Stick SM, Hall GL. Respiratory function and symptoms in young preterm children in
the contemporary era. Pediatric Puimonology. 2016 Dec 1;51(12)c5347

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 Maiaysis. Lanphear BP, editor. PLoS Medicine. 2014 Jan
28;11(1):e1001596.

132. Edwards MO, KoteehSJ, Lowe J, Richards L, Watkins WJ, Kotecha S. Management of PreAsstacigted 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
assaiated lower respiratory illnesses in the first year of life. American journal of epidemiology [Internet]. 1991 Jun
1;133(11):113851. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2035517

134. Luijk MPCM, Sonnenschemn der Voort AMM, Milev&eitzVR, Jansen PW, Verhulst FC, Hofman A, et al. Is garent
child bedsharing a risk for wheezing and asthma in early childhood? European Respiratory Journal. 2015 Mar;¢5(3):661
9.

135. Burke H, LeonardBee J, Hashim A, Piddata H, Chen Y, Cook DG, ePatnatal and passive smoke exposure and
incidence of asthma and wheeze: Systematic review and Jaeddysis [Internet]. Vol. 129, Pediatrics. American
Academy of Pediatrics; 2012 [cited 2020 Nov 1]. pc485Available from:
www.pediatrics.org/cgi/doi/101542/peds.20142196

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):91%24.

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 aneanmaieis. BMJ Open. 202€pS
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@)2.104

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 ofyriisgisatduring
the first year of life. Pediatrics [Internet]. 1985 Mar;75(3):§B4Available 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 $tekind ha
development of asthma in early childhood. Preventive Medicine. 2012 Jan 1;546L):94

142. Ahn A, Edwards KM, Grijalva CG, Self WH, Zhu Y, Chappell JD, et al. Secondhand Smoke Exposure and lliness Severity
among Children Hospitalized with Pneunie Journal of Pediatrics. 2015 Oct 1;167(4):889.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. ArchivessefBe in Childhood. 2002 Nov 1;87(5)¥.6

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;893):483

145. Usherwood TP, Scrimgeour A, Barber JH. Questionnaire to measure perceived symptoms and disability in asthma.
Archives of Disease in Childhood. 1990;65¢819

146. Trinick R, Darracott C, Southern KW, McNamara PS. Validation of the LivegmatBe 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(42859

148. Trinick R, Johnston N, Dalzell AM, McNamara PS. Reflux aspimatiuldren with neurodisability a significant
problem, but can we measure it? Journal of Pediatric Surgery. 2012 Feb 1;47¢8):291

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, Jobsis Q, Havig STP, Van Schayck CP, Rijkers GT, et al. Symptoms, bu¢iNot a Biomark
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):107683.

152. Klaassen EMM, Van De Kant KDG, Jébsis Q, Van Schayck OCP, Smolinska A, Dallinga JW, et al. Exhaled biomarkers and
gene expredsn at preschool age improve asthma prediction at 6 years of age. American Journal of Respiratory and
Critical Care Medicine. 2015 Jan 15;191(2)cZ01

153. Kairamkonda VR, Richardson J, Subhedar N, Bridge PD, Shaw NJ. Lung function measurementrielypbeamat
preschool children with and without chronic lung disease. Journal of Perinatology. 2008 Mar;28{3)4.99

154. {AYLB&A2Y {WX [23AS Yaz hQ5SIF /!X .tyid2y D[Z adz2NNlIeé& /3 2Afazy !/
childhood survives of very preterm birth. Thorax. 2017 Aug 1;72(8)cA02
155. hQs5SlE /1S [23AS YIS albA2Nlyl 'S 2Ataz2y /3 tAfttz2s WWS . lydz2y DI

during exercise in children with bronchopulmonary dysplasia. ERJ Open Research. 2018 Oct 8;4(2908048

156. Simpson SJ, Champid, 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;2%8:46

157. Lowe J, Kotecha SJ, Watkins WJ, Kotecha S. Effect of fetal and infeht@raespiratory symptoms in pretertnorn
children. Pediatric Pulmonology. 2018 Feb 1;53(2);289

218



158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Smith AM, Bernstein DI, LeMasters GK, Huey NL, Ericksen M, Villareal M, et al. Environmental Tobacco Smoke and
Interleukin 4 Polymorphism {889T) @ne: Environment Interaction Increases Risk of Wheezing in Affinsrican

Infants. The Journal of Pediatrics. 2008 May 1;152(5)72@e1.

Mattes J, Murphy VE, Powell H, Gibson PG. Prenatal origins of bronchiolitis: protective effect of optithise

management during pregnancy: TalileThorax. 2014 Apr;69(4):388

Lin B, Kennedy Bsc B, Gradcertprs JM, Luciano |, MifhsTBby |, et al. Lorterm morbidity of respiratory viral

infections during chemotherapy in children with leukaenfadiatric Pulmonology. 2019;54:1821

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¢®):307

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 Obsteics & Gynecology. 2014 May 1;43(5):490

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;1&2¢4):365
Upendran Y, Leach SThgh 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.

Turner SW, Carter J, Danielian P, Chalmers I, McConaghy L, Patidi. Rrotease concentration in amniotic fluid at

term and early childhood respiratory symptoms. Journal of MateFeahl and Neonatal Medicine. 2014 Mar

24,27(4):41620.

Juniper EF, Gruffyddbnes K, Ward S, Svensson K. Asthma control queatienin children: Validation, measurement
properties, interpretation. European Respiratory Journal. 2010 Dec 1;36(6§56410

Ducharme FM, Davis GM, Noya F, Rich H, Ernst P. The Asthma Quiz for Kidz: A validated tool to appreciate the level of
asthmacontrol in children. Canadian Respiratory Journal. 2004;11 (8641

Skinner EA, Diette GB, Alg8rgstrom PJ, Nguyen TTH, Clark RD, Markson LE, et al. The Asthma Therapy Assessment
Questionnaire (ATAQ) for Children and Adolescents. Disease ktapay 2004 Dec;7(4):3Q%3.

Ferris BG. Epidemiology standardization project Il: Recommended respiratory disease questionnaires for use with adults
and children in epidemiological research. American Journal of Respiratory and Critical Care MEQii@ridar

15;118:%53.

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 preschgel children. Pediatric Allergy and Immunology. 201§ Ma
1;27(3):30¢12.

22¢F wlZ .SNNEB /!3Z hQ/2yy2NI ¢z /22@SNI [ Il tARIGARZY 2F GKS
1):2248228S.

Jones CA, Morphew T, Clement LT, Kimia T, Dyer M, Li M, et al. ABdembCase |dentification Process for Identifyin

Inner City Children With Asthma. Chest. 2004 Mar;125(35324

Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, et al. Developmentsectioradsvalidation of the

Childhood Asthma Control Test. Journal of Allergy and Clinicalnoiogy. 2007 Apr;119(4):8%25.

PérezYarza EG, Badia 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 202@4t):5K;63. Available

from: https://pubmed.ncbi.nlm.nih.gov/19061230/

French DJ, Christie MJ, Sowden AJ. The reproducibility of the Childhood Asthma Questionnaires: measures of quality of
life for children with asthma aged¥6 years. Quality of fei Research. 1994 Jun;3(3):228.

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;1275.:63

1aYdzaaSy [ htazy [aX DNIyd 9bx CH3ly WS 2Siaa&a Y.d wStAl oA
Pediatrics. 1999 Dec 6;104(6).

Hall CB, Wakefield D, Rowe TM, Carlisle PS, Cloutier MM. Diagnosing pediatric asthma:g\thakdatsy Breathing

Survey. The Journal of Pediatrics. 2001 Aug 1;139(2)7267

Mallol J, Garcidarcos L, Aguirre V, Martindorres A, PereEernandez V, Gallardo A, et al. The international study of
wheezing in infants: Questionnaire validation. International Archives of Allergy and Immunology. 2007 Aug;1d4(1):44
50.

RosiemMJ, 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%1434

le Coq EM, Colland VT, Boeke AJP, Bezemer DRjkvdfhi1. Reproducibility, Construct Validity, and Responsiveness of
GKS al 26 | NB -Regak Qualiylof LifelQHestionndir& forEhildren with Asthma. Journal of Asthma.
2000;37(1):4858.

Bukstein DA, McGrath MM, Buchner DA, Landgr&bds TF. Evaluation of a short form for measuring heeléted

quality of life among pediatric asthma patients. Journal of Allergy and Clinical Immunology. 2000 Feb 1;105(21l1):245
Lara M, Sherbourne C, Duan N, Morales L, Gergen P, Brogk EHglish and Spanish pediatric asthma symptom scale.
Medical Care. 2000;38(3):3¢20.

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: Leicest&ough Questionnaire (LCQ). Thorax. 2003 Apr 1;58(4}339

Strippoli MPF, Silverman M, Michel G, Kuehni CE. A paxampleted respiratory questionnaire foryiearold children:
repeatability. Archives of Disease in Childhood [Internet]. 200IH26X5. Available from:

http://adc.bmj.com/supplemental

Hohmann C, Pinart M, Tischer C, Gehring U, Heinrich J, Kull |, et al. The Development of the MeDALL Core Questionnaires
for a Harmonized Followp Assessment of Eleven European Birth Cotoortasthma and Allergies. International

Archives of Allergy and Immunology [Internet]. 2014;1632¥5 Available from: www.karger.com/iaa

Okelo SO, Eakin MN, Patino CM, Teodoro AP, Bilderback AL, Thompson DA, et al. The pediatdorastherad
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.nim.nih.gov/23434285/

219



188. AndesonWl YSa {3 bSg02Y06S t ! AF Adwddd 8P, Stane DEael al. MiaDUrElcdhghificy
quality-of-life questionnaire for children: Development and validation. Journal of Allergy and Clinical Immunology. 2015
May 1;135(5):1174185.e4.

189. Zorc JJ, Pawlowski NA, Allen JL, Brgaephens 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(&0):753

190. Juniper EF, Guyatt GH, Fe@ty, Ferrie PJ, Griffith LE, Townsend M. Measuring quality of life in children with asthma.
Quiality of Life Research. 1996;5(1);36.

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):12I3Available from: www.entjournal.com

192. Newcombe PA, Sheffield JK, Juniper EF, Petsky HL, Willis C, Chang AB. Validation gfraxpagesatity of life
questionnaire for paediatric chronic cough (ROL). Thorax. 2010 Sep 1;65(9):823.

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(27D163

194. Murphy KR, &ger RS, Kosinski M, Chipps B, Mellon M, Schatz M, et al. Test for Respiratory and Asthma Control in Kids
(TRACK): A caregivasmpleted questionnaire for prescheabed children. Journal of Allergy and Clinical Immunology.
2009 Apr 1;123(4):83839.€9.

195, Wdzy ALJSNJ 9C3Z hQ. 8N¥y$S taxX Ddz2F GG DI'Z CSNNAS tWS YAy3 5wd 55@St 21
asthma control. European Respiratory Journal. 1999;14(4Q7R02

196. Voorendvan Bergen S, Vaess¥erberne AA, de Jongste JC, PijneghdW. Asthma control questionnaires in the
management of asthma in children: A review. Pediatric Puimonology. 2015 Feb 1;50{8):202

197.  Wdzy ALISNJ 9C3 . 2dzaljdzSaG ws | aO20/1i NBX f.SIRES ¥ yWHRNBE/ABSIR Sy & G A ¥R yara Ky 3
Asthma Control Questionnaire. Respiratory Medicine. 2006 Apr;100(4P616

198. Juniper EF, Svensson K, Mérk AC, Stahl E. Measurement properties and interpretation of three shortened versions of the
asthma control questionnaire. Respiratory MediciBe05 May;99(5):5538.

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. Vollmer2 aX al Nl a2y [92 hQ/2yy2NJ 93 {Fy201A [[Z CAGGSNXYIY [X .SNHS
care utilization and quality of life. American Journal of Respiratory and Critical Care Medicine. 1999;160¢5D:1647

201. Dinakar C, ChigpBE, 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)1233

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(%)7500

204. Berry CA, Quinn K, Wolf R, Mosnaim G, Shalowitz M. Validdittbe 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):5&60.

205. Kachru R, Morphew T, Kehl S, Clement LT, Haolegz J, Kwong KYet 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):7783.

206. Hepworth C, Sinha I, Saint GL, Hawcutt DB.s&sggpthe impact of breathing retraining on asthma symptoms and
dysfunctional breathing in children. Pediatric Pulmonology. 2019 Jun 1;54(§)Z.06

207. Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. Development of the Asthifres€énsurvey
for assessing asthma control. Journal of Allergy and Clinical Immunology. 2004;1%88.):59

208. Liu AH, Zeiger RS, Sorkness CA, Ostrom NK, Chipps BE, Rosa K, et al. The Childhood Asthma Control Test*: Retrospective
determination andclinical validation of a cut point to identify children with very poorly controlled asthma. Journal of
Allergy and Clinical Immunology. 2010;126(2).

209. PérezYarza EG, CastRodriguez JA, Villa Asensi JR, Garde Garde J, Hidalgo Bermejo FJ. \tdlal&ji@mish version
of the childhood asthma control test (T) for use in Spain. Anales de Pediatria (English Edition). 2015 Aug;83(2):94
103.

210. Oliveira SG, Sarria EE, Roncada C, Stein RT, Pitrez PM, Mattiello R. Validation of the Bramiliahtkiershildhood
asthma control test (ACT). Pediatric Pulmonology. 2016 Apr 1;51(4%;838

211. Sekerel BE, Soyer OU, Keskin O, Uzuner N, Yazicioglu M, Kili¢ M, et al. The reliability and validity of Turkish version of
Childhood Asthma Control Test. Quality of Life Research. 2012 May;21¢90685

212. Chen HH, Wang JY, Jan RL, Liu YH, Liu &Biligedind validity of childhood asthma control test in a population of
Chinese asthmatic children. Quality of Life Research. 2008 May;17@@%85

213. Christie MJ, French D, Sowden A. Development of-chittered diseasspecific questionnaires fdiving with asthma.
Psychosomatic Medicine. 1993;55(6):§81

214. Modi AC, Quittner AL. Validation of a Dise&pecific Measure of HeaHRelated Quality of Life for Children with Cystic
Fibrosis. Journal of Pediatric Psychology. 2003 Dec 1;28(8&%35

215. Quittner AL, Buu A, Messer MA, Modi AC, Watrous M. Development and validation of the cystic fibrosis questionnaire in
the United States: A healtelated qualityof-life measure for cystic fibrosis. Chest. 2005;128(4):2347

216. Quittner AL Sawicki GS, McMullen A, Rasouliyan L, Pasta DJ, Yegin A, et al. Psychometric evaluation of the cystic fibrosis
questionnairerevised in a national sample. Quality of Life Research. 2012 Sep;21(7)8267

217. Perrem L, Stanojevic S, Shaw M, DavistS¢iRBogart G, Ratjen F. Changes in the parent cystic fibrosis questionnaire
revised (CF@) with respiratory symptoms in preschool children with cystic fibrosis. Journal of Cystic Fibrosis. 2020 May
1;19(3):4928.

218. Schmidt A, Wenninger K, NiemannWahn U, Staab D. Healtklated quality of life in children with cystic fibrosis:
Validation of the German CHR Health and Quality of Life Outcomes. 2009 Dec 2;7.

2109. 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: Geesgional study. Quality of Life Research. 2013 Mar;22(2#09

220



220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

Rozov T, thha MT, Nascimento O, Quittner AL, Jardim JR. Linguistic validation of cystic fibrosis quality of life
questionnaires. Jornal de Pediatria. 2006;82(2)cB51

wkRSO1TA [Z htazy [aZ CNAYyGySNI at I 2 SihBurveyor AsthoeSHild | 6 A f A (&
Version. Pediatric Asthma, Allergy & Immunology. 2008 Jun 12;21¢2%89

Dela Bianca A, Wandalsen G, Miyagi K, Camargo L, Cezarin D, Mallol J, et al. International Study of Wheezing in Infants
(EISL): Validation of Wt Questionnaire for Children Aged Below 3 Years. The Journal of Investigational Allergology
and Clinical Immunology. 2009;19(1)32.

American Thoracic Society. American Thoracic Society Quality of Life Resources: Functional Severity Ineigx [Intern

1999 [cited 2020 Oct 2]. Available from: https://qol.thoracic.org/sections/instruments/fj/pages/fsi.html

McGrath MM, Bukstein DA, Buchner DA, Guzman Gl, Landgraf JM, Goss TF. Assessment of the relationship between
disease severity and generaldhdiseasespecific healtkrelated quality of life in pediatric asthma patients. Ambulatory

Child Health. 1999;5(3):2¢461.

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¢&H52):73

ISAAC Steering Committee. ISAAC Tools [Internet]. 2017 [cited 2020 Sep 24]. Available from:
http://isaac.auckland.ac.nz/resources/tools.php?menu=toolsa#t

Oliveira Rodrigues Valle S, Chigres Kuschnir F, Solé D, Andrade Vilela Silva M, lozzi da Silva R, Caetano S, & al. Prevalenc
and severity of asthma and related symptoms ito&-yearold schoolchildren of Rio de Janeiro using of the ISAAC
questionnaireby telephone survey. Journal of Asthma. 2014;51(3);327

Alzahrani YA, Becker EA. Asthma control assessment tools. Respiratory Care. 2016 Jan 1¢66(1):106

Chen €Y, Lo H. Reliability and Validity of a Chinese Version of the Pediatiitn® Symptoms Scale. Journal of Nursing
Research. 2007 Jun;15(2)496.

del Corral T, Percegona J, Lopez N, Valiente A, Garriga M, Seborga M, et al. Validity of a Spanish Version of the Leicester
Cough Questionnaire in Children With Cystic Fibrdsichivos de Bronconeumologia. 2016 Feb 1;52(€9:63

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(6889AB86

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)@®B6/

Carvalho S, Alves M, Neuparth N. Translation with cdladaptation to portuguese and assessment of the repeatability

of the Questionnaire on respiratory symptoms in preschool children. Revista Portuguesa de Imunoalergologia.
2014;22(2):98112.

Patino CM, Okelo SO, Rand CS, Riekert KA, Krishnan Jasdinémet 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):93®43.e6.

Goldberg EM, Laskowskbs U, Wu D, Gutierrez J, Bilderback A, Okelo SO, et al. The Pediatric Asthma Control and
Communication Instrument for the Emergency Department (PADEimproves physician assessment of asthma

morbidity in pediatric emergency deparent patients. Journal of Asthma. 2014 Mar 4;51(2)¢80

Sampayo EM, Chew A, Zorc JJ. Make #AKIT on Asthma. Pediatric Emergency Care. 2010 Jan;@6(1):1

Nair S, Nair S, Sundaram KR. A prospective study to assess the quality ohiifigén with asthma using the pediatric

asthma quality of life questionnaire. Indian Journal of Allergy, Asthma and Immunology. 2014;28(1):13.

Ricci G, Dondi A, Baldi E, Bendandi B, Giannetti A, Masi M. Use of the ltalian version of the PeHia&iQAaality of

Life Questionnaire in the daily practice: Results of a prospective study. BMC Pediatrics. 2009 May 7;9(1).

Badia X, Garcidernandez G, Cobos N, Léfizavid C, Nocea G, Roset M. Validity of the Spanish version of the Pediatric
Quialty of Life Questionnaire for evaluating quality of life in asthma children. Medicina Clinica. 2001 Apr 28;116¢15):565
72.

Scala CSK La, Naspitz CK, Solé D. Adaptation and validation of the Pediatric Asthma Quality of Life Questionnaire (PAQLQ)
in Biazilian asthmatic children and adolescents. Jornal de Pediatria. 2005 Feb 1;8HQ):54

Raat H, Bueving HJ, de Jongste JC, Grol MH, Juniper EF, van der Wouden JC. Responsiveness, dongitudisal

sectional construct validity of the PediatAsthma Quality of Life Questionnaire (PAQLQ) in Dutch children with asthma.
Quiality of Life Research. 2005 Feb;14(1)Z&5

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):989
95.

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%8):274

Wing A, Upton J, Svensson¥eller 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;686):643

Paul IM, Yoder KE, Crowell KR, Shaffer ML, McMilla@a#iSon 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).

Zeiger RS, Mellon M, Chipps B, Murphy KR, Schatz M, Kosinski Mgest &ir Respiratory and Asthma Control in Kids
(TRACK): Clinically meaningful changes in score. Journal of Allergy and Clinical Immunology. 2011 Nov¢B28(5):983
RodrigueaMartinez CE, Nino G, CasfRedriguez JA. Validation of the Spanish Vareiche 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):32831.e3.

Wandalsen GF, Dias RG, Chhiego HJ, Rosario N, Moraes L, Walsdn 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).
Zhang J, Zhao L, Zhao D, Chen Z, Li S, Zhang H, et al. Reliability and vadiditiyioése 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).

221



250. Choi YJ, Jang GC, Yang HJ, Kim H Bin, Yoo Y, Shin M, et al. Therkioreaf the Test for Respiratory and Asthma
Control in Kids (TRACK): Reliability and validity. Journal of Korean Medical Science. 2019 Jan 1;34(3).

251. .d2d2l] GANEBF1A .2 {FKAYSNI'!'az |l @dd {¢X /F@1F@dFNIhZ [ AfYFT 9! %
F2N) wSALIANI G2NE YR adGKYlF /2yiNRBf Ay YARA o0&/ Y0¢ ljdSaliArzyyl
252. Office for Natnal 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/gadrpop-est/editions/mid-2019-april
2020-geography/versions/1

253. Pulbic Health England. Public Health Profiles: Child and Maternal Health [Internet]. 2020 [cited 2020 Oct 7]. Available
from: https://fingertips.phe.org.uk/profile/chilehealth-profiles/data

254. Office for National Statistics. Life Expectancy (LE) andHydafe 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/datéigets/
expectancyleandhealthylifeexpectancyhleatbirthbysexformiddlelayersuperoutputareasmsoasinengland

255. Liverpool Clinical Commissioning Group. One Liverpool: Strategy22@49 2019.

256. Pooley CG, Irish S. HOUSING AND HEALTH IN LIVERP&OUQIBEMNsactions of the Historic Society of Lancashire
and Cheshire. 1994;143:16%0.

257. Public Health England. Public Health Profiles: Inhidléeractive Health Atlas of Lung conditions in England [Internet].

2020 [cited 2020 Oct 8]. Available frohitps://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/tobaccecontrol/data

259. Liverpool Clinical Commissioning Group. One Liverpool:-2028. 2018.

260. Durham AL, Adcock IM. The relationship between COPD and lung cancer. Vol. 90, Lung Cancer. Elsevier Ireland Ltd; 2015.
p. 12X7.

261. Liverpool City Council. Liverpool Hea\tlatrix 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;7Q(4.305

263. Gowers AMMiller BG, Stedman JR. Estimating Local Mortality Burdens Associated with Particulate Air Pollution. 2014
Apr.

264. 1 aKiz2zy .XI WFOljdsSa 53X ¢22Y0a {3 2KeiS 5d [APBSNLR2fQa 520143z 5dz
from: https://www.metamute.org/editorial/articles/liverpoolsiocksdust-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 HezlBpdgramme 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 HEalthA.
1998;55(3):16884.

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 fiernet]. 2006 [cited 2021 May 24];35:¢494. 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.atk/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):80

271.  Boyd A, Golding J, Macleod J, Lawlor DA, Ffager | SY RSNA 2y Wz Si |t & / 2Riemmiex LINEFAL SY ¢KS
offspring of the avon longitudinal study of parents and children. International Journal of Epidemiology [Internet]. 2013
Feb [cited 2021 May 10];42(1):1447. Available from: /pmdrticles/PMC3600618/

272. Golding G, Pembrey P, Jones J. ALSPA€Avon Longitudinal Study of Parents and Children |. Study methodology.
Paediatric and Perinatal Epidemiology. 2001;15(1B874

273. Fraser A, Macdonaldallis C, Tilling K, Boyd A,I@og 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):97110. 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)1¢13. Available from: http://www.biomedcentral.com/1472458/8/327

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, Supplefireatnet]. Blackwell Munksgaard; 2002 [cited 2021
May 15]. p. 327. Available from: https://pubmed.ncbi.nim.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):123. Available from: https://onlinelibrary.wiley.com/doi/full/10.1002/ppul.70033

278.  Taussig LM, Wright AL, Mérg/ 2 WX | I NNA&2Y | wX wlé& /Do ¢KS (dz0azy OKAf RNByQa
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):XA&19 Available from:
https://pubmed.ncbi.nim.nih.gov/2729258/

279. 2 NAR3IKG ' al NIAYyST C3 11f2ySy as DASNNIY {3 a2NHIYy 2WsS . AffKSA)
[Internet]. [cited 2021 May 18]. Available from: https://airways.uaizona.edu/research/trials/tucsoephildrens
respiratorystudy-tcrs

280. ¢lhdzaaAa3a [aX 2NARAKG !'[Z 12f0SNB /WZ 1 Ft2ySy aX a2NHIY 2WI al NI
present. Vol. 111, Journal of Allergy and Clinical Immunology. WMash 2003. p. 6&T5.

222



281.

282.

283.

284.

2865.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.
298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

Wright J, Small N, Raynor P, Tuffnell D, Bhopal R, Cameron N, et al. Cohort Profile: The Born in Braeftrdienulti

family cohort study. International Journal of Epidemiology [Internet]. 2013;4297.8Available from:
https://academic.oup.com/ije/article/42/4/978/655870

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@®IiB%tudy. Longitudinal and Life Course

Studies. 2013 May 30;4(2):143b.

Kenny L. Children Growing up in LiverpoeG(dLL) 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

Pickles R. Design, Development and Initiation of the Liverpool Respiratory Birth Cohort Study [Internet]. University of

Livermol; 2013. Available from: https://livrepository.liverpool.ac.uk/17115/

Griffith BE. The Liverpool Respiratory Birth Cohort Study: questionnaire development, recruitment and preliminary

results. University of Liverpool; 2013.

World Medical Assciation. WMA Declaration of HelsirgkEthical Principles for Medical Research Involving Human
Subjects [Internet]. 2018 [cited 2021 May 31]. Available from: https://www.wma.net/polotest/wma-declaratiorof-

helsinkiethicalprinciplesfor-medicatresearchrinvolvinghumansubjects/

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/planniagdimprovingresearch/policiesstandardslegslation/uk-
policy-frameworkhealth-socialcare-research/ukpolicy-frameworkhealth-and-sociatcareresearch/#sponsors

Zuidgeest M, Hendriks M, Koopman L, Spreeuwenberg P, Rademakers J. A comparison of a postal survey and mixed
mode survey usingaqiei A 2y Yy ANB 2y LI GASy(iaQ SELISNASYyOSa sAiliK oNBIad

Jul;13(3).
JotForm. JotForm Secure Online Forms [Internet]. [cited 2021 Jun 17]. Available from:
https://www.jotform.com/enterprise/security/

Steal J. The Liverpool Baby Breathing Stuthe Crossectional and Longitudinal Assessment of Respiratory Symptoms

and the Impact on Quality of Life in the First 22 Months of Life. University of Liverpool; 2017.

Teague S, Youssef Glicdonald JA, Sciberras E, Shatte A, Fiilfflezkiewicz M, et al. Retention strategies in
longitudinal cohort studies: A systematic review and matalysis. BMC Medical Research Methodology [Internet].

2018 Nov 26 [cited 2020 Dec 16];18(1). Available frgumc/articles/PMC6258319/?report=abstract

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

World Health Organizatiomnternational 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

Genomics Education Programme. Second degree relative [Interndg.[2@ed 2020 Sep 28]. Available from:

https://www.genomicseducation.hee.nhs.uk/glossary/secetegreerelative/

Ministry of Housing C& LG. English Indices of Deprivation 2015 [Internet]. 2015 [cited 2021 Mar 15]. Available from:

https://www.gov.uk/government/statistics/englistindicesof-deprivation2015

NHS England. Breastfeeding initiation and prevalence at 6 to 8 weeks: Quarter 4 2013/14. 2014 Sep.

NHS England. Breastfeeding initiation and prevalence at 6 to 8 weeks: Quarter 42@0%% Jul.
bl { 5A3AGlIt® {GFGA&GGAOA 2y 22YSyQa {Y21Ay3

time-of-deliveryengland

{GFddza G ¢AYS
from: https://digital.nhs.uk/dataand-information/publications/statistical/statistic®n-womens-smokingstatusat-

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=

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/Ic5104ew

Office for National Statistics. Characteristics of Birth 1, England and Wales [Internet]. 2014 [cited 2021 Jan 13]. Available

from:

https://www.ons.gov.uk/peoplepopulationandcommunityifthsdeathsandmarriages/livebirths/datasets/characteristics

ofbirthlenglandandwales

Office for National Statistics. Birth characteristics [Internet]. 2015 [cited 2021 Jan 13]. Available from:
https://www.ons.gov.uk/peoplepopulationandcommunity/birthedthsandmarriages/livebirths/datasets/birthcharacter

isticsinenglandandwales

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

ethnicitysexregionandimdquintilebyfinancialyear2007t02013

Office for National Statistics. Tables on births and infant deaths, by gestation, Englarithternet]. 2016 [cited 2021

Jan 13]. Available from:

https://lwww.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/adhocs/005290tableson

birthsandinfantdeathsbygestationenglandonly

Dinno A. Nonparametric pairwise mllif S O2 YLI NA a2y a Ay AYyRSLISYRSy(d 3INRdzZJIA daAAY

Journal. 2015.
t SNYyS3ISNI ¢ +d 2KIGQa NBY3I gAGK . 2YFSNNRBYA
p. 123&8.

I ReadzadGySyidao

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; 20456239

223

2



308. Garcia TP, Marder K. Statistical Approache®t¢/I3A G dzZRAY £ 5 GF 'yl f@aAd Ay bSdz2NPBRSISYySNI |
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

3009. 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/charéstics
ofbirth2/2014-11-17

310. Nomis: Official Labour Market Statistics. WD2048\din 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 Lohort profile: 1958 British birth cohort (National Child Development Study). International Journal of
Epidemiology. 2006 Feb;35(1)34.

312. Elliott J, Shepherd P. Cohort profile: 1970 British Birth Cohort (BCS70). International Journal of Egigle?0io&®
Aug;35(4):83643.

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.; 201llaBR5fréwai
http://methods.sagepub.com/reference/encyclopedd@-surveyresearchmethods/n537.xml

314. Action on Smoking and Health. Use dfigarettes (vapes) among adults in Great Britain. 2020 Oct.

315. Carlin JB, Gurrin LC, Sterne JA, Morlé&wWer T. Regression models for twin studies: a critical review. International
Journal of Epidemiology [Internet]. 2005 Oct 1 [cited 2021 Jul 27];34(5)2088vailable from:
https://academic.oup.com/ije/article/34/5/1089/645923

316. Booker CL, Harding Benzeval M. A systematic review of the effect of retention methods in poputatsad cohort
studies [Internet]. Vol. 11, BMC Public Health. BioMed Central; 2011 [cited 2021 May 28R pAtailable from:
http://www.biomedcentral.com/14712458/11/249

317. Deutskens E, de Ruyter K, Wetzels M, Oosterveld P. Response rate and response quality cbagedstrveys: An
experimental study. Marketing Letters [Internet]. 2004 Feb [cited 2020 Dec 18];153§2Available from:
https://link.springer.conarticle/10.1023/B:MARK.0000021968.86465.00

318. Office for National Statistics. Internet acce$museholds and individuals [Internet]. 2020 [cited 2020 Dec 18]. Available
from:
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacterstimmeinternetandsocialmediausage
/datasets/internetaccesshouseholdsandindividualsreferencetables

319 hTFAOS F2NI bl GAaz2ytt {dFrdAaGA0ad 9ELI 2NAYy3d GKS ! YQ&d RAIAGEE RAC
https://www.ons.gov.uk/peoplepoplationandcommunity/householdcharacteristics/homeinternetandsocialmediausage
[articles/exploringtheuksdigitaldivide/20103-04#whatis-the-pattern-of-digitalexclusioracrossthe-uk

320. Taylor WJ, Zhu GX, Dekkers J, Marshall S.-Booimmic Factors Affelag 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 compliare emerging problem in Liverpool communéhild health surveys 1994006.

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://lwww.parents.com/kids/health/thedangersof-vapingaroundyour-kids/

323. /lyS w{z aOl1S8yiAS {1 9tATI6SiK v aOlSyiAS 50 tINByiaQ AyidSNl
[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]. VVol. 9, Journal
of Multidisciplinary Healthcare. Dove Medical Press Ltd.; 2016 [cited 2021 May 30]g@. Available from:
/pmc/articles/PMC4862344/

325. Coudnlin SS. Recall bias in epidemiologic studies. Journal of Clinical Epidemiology. 1990 Jan £813(1):87

326. Engels JM, Diehr P. Imputation of missing longitudinal data: A comparison of methods. Journal of Clinical Epidemiology.
2003 Oct 1;56(10):96g6.

327. Glas CAW. Missing data. In: International Encyclopedia of Education. 3rd ed. Elsevier Ltd; 20£8. p. 283

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 athma: The children themselves or their parents? Comparing the psychometric properties of actitd
parentreport scale. Quality of Life Research [Internet]. 2000 [cited 2020 Oct 20];9(§3®25vailable from:
https://link.springer.com/article/10.103/A:1008977200176

329. Anto JM, Bousquet J, Akdis M, Auffray C, Keil T, Momas |, et al. Mechanisms of the Development of Allergy (MeDALL):
Introducing novel concepts in allergy phenotypes [Internet]. Vol. 139, Journal of Allergy and Clinical Immunasbyy. M
Inc.; 2017 [cited 2021 May 25]. p. 3@®. Available from: https://pubmed.ncbi.nim.nih.gov/28183433/

224



Appendix
Appendix 1: Study Protocol

Study Protocol

The Liverpool Respiratory Birth
Cohort Study

A Prospective, Longitudinal Birth Cohort study using the Liverpool
Respi Q ire to a
P y Symp
of the resp 'y symp of p. hool born in Liverp
from birth until the age of five years.

Miss Rosanna Pickles
Miss Bethan Griffith
Dr Calum Semple

Dr Paul McNamara
Dr Kevin Southern
Professor Ben Shaw

Abstract

Objective: To describe respiratory symptoms of preschool children using the
Liverpool Respiratory Symptom Questionnaire (LRSQ) from birth until the age
of five years, in Liverpool by bi-annual assessment.

Method: Newborn infants will be recruited during their mother’s stay at the
Liverpool Women's Hospital (LWH). Prior to discharge, research students will
provide information to mothers about the study in the form of a postcard
Mothers will be asked to fill in their contact details including email and phone
number indicating their interest in taking part. Completion of the postcard
implies consent to be contacted. Postcards may be deposited in collection
boxes at the LWH. Once the research team have received the postcards,
parents will later be sent an email or letter thanking for their interest in the
study. When the baby is four months old an email will be sent to the mother,
which will include an option to consent to take part and a link to the initial
online questionnaire. Mothers may alternatively opt to receive the
questionnaires by post. The questionnaire will then be emailed or posted to
mothers six monthly until their child is five years old. Demographic details will
be requested on initial enrolment and confirmed or updated during the course
of the study. Data will be hosted on-line by Adobe Forms Central software in
an encrypted and anonymized format and stored on secure servers at the
University of Liverpool.

Analysis: Demographic, exposure and LRSQ data collected by Adobe Forms
Central software, which is compatible with the statistical analysis software
SPSS™. Univariate and multivariate analyses using linear regression analysis
will be used to compare domain scores of the LRSQ scores with
exposures/variables such as prematurity, birth weight, deprivation and
exposure to cigarette smoke in pregnancy and in the household. Structural
equation analysis and multinomial regression analysis will also be used to
assess any relationship between exposure/demographic variables and
respiratory symptoms. Cronbach'’s alpha coefficients will be calculated to
assess internal validity
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