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Errata

The following amendments have been made to this thesis in line with the recommendations
made by examiners following Viva Voice examination on tHeAL@ust 2017.

Section 1.lntroduction to the Liverpool Baby Breathing Studiddition of study aims as
outlined by the study protocol and addition of objectives that were completed by the author.
This helps the reader understand the expectations of the saglp whole and within this
thesis and will help clarify if these aims were achieved later in the tH&sge 18)

Section 1.2.Respiratory Disease and Symptom$able 1 was created from three separate
tables.(Page 21)

Section 1.5.2Zhe Liverpool Resgtory Symptom Questionnaire Figures 14 were added.

These figures show the Liverpool Respiratory Symptom Questionnaire. This has been moved
from the appendix to make it more clear to the reader the questionnaire that has been used
in the LBBSPages 3235)

Section 1.6Birth Cohort StudiesPreviously this section contained a large amount of
extraneous detail bthe design and findings of previolmdrth cohort studies and other
respiratory studies. This information has been condensed into a table anduwmnaries
(section 1.6.1 and 1.6.2) discussing recruitment and attrition in previous cohort studies. The
in depth analysis of the cohort studies has been moved to the appeiRfiges 3&410)

Section 2.1Section 1. LBBS Study Design and Development SummBrngviously this
section contained a detailed description of work performed by previous MPhil students, and
results of the Public Patient Involvement studies that theperformed This detailed
description and the result was moved to the appendix and reenlreplaced with a short
summary of this work(Pages 4547)

Section 2.1.9Viodification of the Emailing Timeline to Reduce Attrition in the LBBSis
section was added. It describes how and why the author modified the questionnaire emailing
timeline in the LBBS. This was not previously described and is an important part of the work
carried out by the author in developing the studipages 4647)

Section 2.2.Data Entry and Coding This section was added. It provided a description of
how the data was emired and coded for the use in the statistical packages. This was a
significant proportion of work performed by the author that was not previously described in
the thesis.(Pages 4748)

Section 2.2.8orrection for Multiple Testing AnalysisA discussion o correction for multiple

testing during analysis of the LBBS data was added. This discussion identifies why multiple testing
is oftenperformed, the benefits and disadvantages of using correction for multiple testing and
why it was not used during analgsf the LBB$Page 51)

2.2.9 Justification and Development of the Methods of Longitudinal Analysis in the LBBS

section was added to the thesis to provide a more detailed description of how the longitudinal
analysis methods used in the LBBS weneettsned. Prior to this modification this description was
lacking detall. It now discusses in much detail how and why the methedutif-level mixed

effects modelling was chosen and the advantages and disadvantages of its use. This section also



describestie exactly process that was used to develop the model and how the final results were
obtained.(Pages 553)

Section 2.2.11Presentation of the Analysis of the LBBS in this Thedikis section was
added. It provides a description of how the results af ttBBS will be presented in Chapter
3. Due to the large amount of results presented in the thesis it was difficult for the reader to
follow previously. The addition of this section makes it easier for the reader to understand
how and why the results willdopresented in this thesis. This will make the thesis easier to
readand followas a whole(Pages 554)

Section 3Chapter 3 At the beginning of each subsection a description of what the results
that follow show and how they relate to the study aims.sTwill add a narrative thread to
the presentation of the results and help the reader follow the analyBages 55122)

Section 3.5Cross Sectional Analysidables describing other health conditions were
modified so that the types of underlying conditiarere in alphabetical order. Diseases within
the condition type were rearranged so that they were in order of frequency in the cohort.
(Pages 69117)

Section 3.%ross Sectional AnalysiBables describing the median, interquartile range, mean
and mode scre of each risk factor/exposure group was moved from the appendix to the
main body of the text where the significant differences in LRSQ scores are described. This
makes the presentation of the results of the cross sectional analysis more consistent
throughout the 4 time points that are presented in this thesis. This will make the analysis
easier to follow for the reader. The box and whisker diagrams of significant results only
remains the samgPages 69117)

Section 4.4The Clinical Relevance of the LRS&reg This section was added. It describes
what would be considered a clinically significant or parentally important difference in LRSQ
score was adding. Although this has not been previously described the addition of this section
gives the thesis mordinical relevance(Page 129)

In addition to this, spelling, grammatical, and syntax errors have been corrected. Missing
graph axis labels have been added.



Abstract

TheLiverpoolBaby Breathing StudyThecrosssectionaland longitudinal assessment oespiratory
symptoms and the impact on quality of life in the first 22 months of life by Joshua Stead.

Introduction. The LiverpoolBaly Breathing Study (LBBIS)a longitudinal birth cohorstudy that
investigatesatural history of respiratory diseasepneschool children iMerseysideMerseyside has
a high prevalence ofsk factors for preschool respiratory diseaBeeschool children in Liverpool have
high rates of hospitalisation foasthma andbronchiolitis.Respiratory disease impaobn the quality

of life (QoL)of infants and their families. fie LBB%lso assesss QoLimpact on infans and their
families whichmakes the LBB&novel study.

Study AimsThe aims of this thesare: 1. To create a profile of the infants and mothers enrolled in
the LBBSand compare this tdhe eligible population. 2To describe respiratory symptoms in the
cohort using the_iverpool Respiratory Symptom Questionnglt®SQ®from birth until 22 months of
age. 3 To determine the differences in LRSQ scordaefants exposedto various risk factors4. To
determine the change in theRSQ scomever time and the variability in this changéth exposure 5.

To validate the LRSQ in a longitudinal study.

Methods. TheLBBS uses theiverpool Respiratory Symptom Questionngit®&SQ Recuitment for
the study was performeth the[ A S N1LI2 2 f 2 2 YW/ Eligiblelbizths hivdittho$e intants
who lived inLiverpoolpostcoded 1-38, spoke sufficient English and wexared for bytheir parents
Questionnaire were sent to pdicipants bypost or through arautomatedonline emailing system
Recruitment rates and response rategere describedising descriptive statistics. Séngty analysis

wasperformed,02 YLI NAY 3 G(GKS RNRLI 2dzi LJ2 LIz ihingioRoyt Te S E LI2 & d:

profile of the cohortwas compared to the profile ddligible births in the LWHy .2 analysisCross
sectionalanalysis comparethose exposed to risk factors using, Mann-Whitney U,Kruskalwallis
analysisaR CA & KSNID& 9 E-$eQidnal aridliisis ohe LB8S wad Nagatéd to ensure the
index of multiple deprivatios (IMD)decile distribution of the cohonvascomparable to the eligible
births in the LWH The longitudinal analysis of the LBBS was done using-leweti mixed effets
models. The internal consistenofthe LRSQ was assessed using Cronbach alpha coefficients.

Results 694 of the interested mothers (5.57% of all eligible births) consented to the study and
completed the initial questionnairéttrition in the study wa 44.0%, 60.4%nd 63.0% al0, 16 and

22 months Mothers participating and retainedn the LBBS werelder, less deprived more highly
educated, breas#d more andsmokel lessin pregnancythan mothers ofall eligible births Infants
were more likely to fe of white ormixed ethnicity and born preterm than the eligible birtlsross
sectionalanalysis showed ursery attendance, being male, decreasing maternal age, decreasing
maternal education, preterm birth, low birth weigha family history of atopynd presence obther
household children increased respiratory symptoimshe fira 22 months of life Breastfeeding and
sharing a bedroom decreased respiratory symptonigngitudinally analysis found nursery
attendance, being male, preterm birth, low birthreight, a family history of atopy and other household
children increased respiratory symptoms over tinlreastfeeding, increasing gestational age and
sharing a bedroom decreased respiratory symptoms over the first 22 months oRbfpiratory
symptoms hd a majoiimpact on the QoL of both the infant atigkir families. Therevere unexpected

and mixed resultsegardingthe effect of smoke exposure on respiratory health in the LBBS. The LRSQ
had acceptable to good internal consistency.

ConclusionThe LBBS8eployed the LRSQ using contemporary technology, and has been accessible to
mothers in Liverpool across all deciles between 2012 through 2017. LBBS has validated use of the LRSQ
in a longitudinal birth cohort. Breastfeeding had the greatest protectiveceffdth a positive duration
dependent doseeffect on respiratory symptoms and QoL. Nursery school attendance had the greatest
deleterious effecbn respiratory symptoms and QoL
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Foreword

This thesis is comprised fife chapters

Chapter or providesan introduction to the LBBSIt disaussesbaclground information
respiratory disease in the preschool populatiGtecruitmentand attritionin previous birth
cohort studies araliscussedMeasures of paediatric lung function are discussed along with
analysis of previously used respiratoryngtoms questionnaires and the in depth analysis of
the Liverpool Respiratory Symptom Questionnailidhe health profile in Liverpool is

discussed providing reasons wihiyerpoolis an ideal city to conduct a study of this nature.

Chapter two provided the dails of the methods of th&eBBSSection one of this chapter is
an outline of previous work that had been conducted; this describesqtmestionnaire
development, initiation of the study and recruitment. Section two provides a detailed
desciption of work performed by the author. It describes the methods of analysis of

recruitmentrates, dropout ratesand the questionnaireesponses.

Chapter three describes the results of th8BSThis chapter is split into sevesections.
Section one is the results ofi¢ analysis ofecruitment andresponse ratesn the LBBS.
Section two describes attrition in the LBB®is section provides a descriptionladw the

study accounted for the confounding effects created by the discrepancies between the drop
out populationand the population remaining in the studgection three and four describe

the profiles of the mothers and infants in the LBBS these sections there is a comparison

of the LBBS profiles to the population of Liverpool and the eligible births in the &&¢kion

five describes the results of the cross sessional analysis of each of the four questionnaires at
four different time points in the firse2 months of life. Section gxovides the results of the
longitudinal analysis of the LBBS over the #months of life. Section seveprovides the

resultsof the validation of the LRSQ whased in longitudinal studies.

Chapter four provides a discussion on the findifgmthe LBBSand 2 g (1 KS OdzZNNBy (i
links to previousihdings.The strengths and eaknessesf the LBB&nd recommendations

for future workare also discussed in chapter four.

Chapter fivdsa summary of the conclusions fraime LBBS.
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Chapter dlntroduction

This chapteprovides an introduction to ta LBBSt has a description of why thieiverpool

Baby Breathing StudBBybegan, and why it is novel. summariseghe work doneby
previousstudents, prioi 2 G KS | dzii K 2 anilxtie workeahletell Dwné alihor
leading to the production ahis thesisAn overview opaediatric respiratory disease is given
along with a discussion on the burden of respiratory disease in the paediatric population.
Common risk factors previously identified for paediatric respiratory disease are discussed.
Methods used to measure respiratory disease and lung function in the paediatric age group
and the problems they possess are describHte recruitment methods anohethodsused

to reduceattrition in previous birth cohort studiearedescribed Previouslyusedrespiratory
symptomquestionnaires are discusseillowed by an in depth description of the Liverpool
Respiratory Symptom Questionnaire (LRSQ) that is used in theTt&B&alth profile of the
Liverpoolpopulation andreasons why Liverpool is an idedlydo conduct a study of this

natureis discussed

1.1-Introduction to thelLiverpoolBaby Breathing Study
TheLiverpooBaby Breathing®BdzR& o6 . . { 0 g & Ti2eNwoRespidatory Y26y | & W

CANIG K / 2K2NIO { GdzZR@ Qo L G dyAtiat abses$e® §icdrespideBrg v I € 06 A NI |
symptoms of preschool children frohiverpool It assesses the impact of these symptoms on
both the infanQa@nd theirF | YA £ & Q& |j dzl Thd ainis of2hé study\a® Qutlined ig [ U

the study protocol are;

1 To create grofile of the infants and mothers enrolled in the LBBS @dpare this
to the population of Liverpool and those born in the LWH.

1 To describe respiratory symptoms of preschool childrehiverpool using the LRSQ
from birth until 5 years of agéy biannwal assessment.

1 To determine the differences in LRSQ scores in the different populations at each
quedionnaire time point

1 To determine the change in the LRSQ scores over time and the variability in this
change between different population groups in theBB

1 To validate the LRSQ in a longitudinal study.
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The LBBS assesses infants bianndiay four months tofive years of age by means of a
parent completed questionnaire; thieiverpoolRespiratory Symptom Questionnaire (LRSQ).

The LRSQ was developed by Bow S Ff & |G ! f RSaudUiv&gool / KAf RN
22YSyQa | 2 &Thk RSO aséepsesl alnumber of common respiratory symptoms,
including cough, wheeze arghortness of breath (SoBand the effect they have on the
AYFLEYGEQa |y RoL{lK $1Athe) LBBS Yhe LRSQ3has besad alongside a
gquestionnaire assessing demographics and exposures developed by Rosanna Pickles and
Bethan Grifth (2, 3) This questionnaire explored common risk factors associatital
respiratory disease in preschool children such as defoivd4), tobacco smoke exposure
prenatally (5) and postnatally (6), breastfeeding (7) and prematurity (8). These
gquestionnaires, along with assessment eflthcare service attendancalowed the study

of the prevalence, the natural history and the impact of respiratdigease in preschool
children fromLiverpool This study is now in its"4year, with the whole cohort having
completed the 8 questionnaire at 28 months of life. For thenpoase of this tlesis the first

four questionnaires are discussed.

Liverpoolhas ahigh prevalence of risk factors for paediatric respiratory disease in its
population such as deprivatidd), smokingbothin pregnancy10)and postnatally{11)) and

the low levels of breagteding(12) Liverpoolhas high rates of respiratory disease in both
the adult and the paeditric population(13, 14) there are high levels of bronchiolitis and
asthma hospitalisationgn Liverpoolcompared to other areas of Englarfdl5) The LWH
provides the mainstay of maternity care liiverpoolwith around 8500 births per year. This
has provided the research team with aleal and valuable centre feecruitment and access

to the majority of births inLiverpool

The LRSQ has previously been validated for use in the preschool and infant poglatton

has been shown to distinguish well between those with Cystic Fibrosis (CF) from those
without, and those who were unwell from those who were stable in both preschool children
andin those6-12 yeas old(16). It has successfully been used to examinerdiationship
between neurodisability and respiratory symptor(is/) and is being increasingly ubén

studies of respiratory disease in the preschool age group. This is the first time it has been
used in a longitudinal study and on such a large population. LRSQ has allowed the researchers
in the current study to explore the prevalence and patterngeaspiratory symptoms and

how these change over time in the preschool populatiohigérpool
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My involvement in the LBBS began in September 2016 after previous work by Rosanna
Pickles, Bethan Griffith, Sanjay Patel, and JenBéeclayunder the supervisin of Dr Calum
Semple. At this point, the study protocol and supplementary documents had been finalised
and ethical approval of the study had been granted in May 2012 by the East Midlands
Research Ethics Committee, part of the NHS Research AuttiReitygnce 12/EM/1904).
Recruitment had finished, having occurred between October 2012 and November 2014 and
data collection was into its fourth year. All the Participants had complefimar
questionnaires, and the fifth questionnaire was due to be fully coteplén May 2017. My

role within the LBBS research team was to analyse data from the initial four
guestionnaires and continue with maintenance of the stuly.achieve this, and to produce

this thesis, thdollowing objectives were completed

1 Perform aliterature review on previous birth cohort studies and asses their design,
recruitment strategies and ways in which attrition was reduced.

1 Produce a systematic method of analysis of the LBBS data(¢rogssectional and
longitudinal) by having discuss®withexperts at the University of Liverpool.

1 Modify the study to reduce attrition by inviting participants back into the study if
they had not intended to leave.

1 Code the raw data so that it could bealysed by thatatistics packages used in the
LBBS.

1 Perform the analysis of the LBBS data, discuss the findings in line with previous

findings, and investigate unexpected results.

1.2-Respiratory Disease in Preschool Children
1.2.1Respiratory Disease and Symptoms

Cough is the most common problem managedb$y SNI £ t NI OGA G A2y SNA

common in the preschool age group. Respiratory tract infection (RTI) and asthma are the
leading causes of cough in the preschool age gf@8p Twothirds of children will attend

their GP with a RTI and threpiarters of these will have a cough. Seventy five per oént
coughs will show imprament by one week however one @éght experience complications
within two weeks of preentation (19). Very few children with recurrent cough go on to
develop asthma with wheeze at foyears(18). Onein three children develop wheezing
associated with a RTI in first thregears of life but 60% of these will stop wheezingsby
years(20).
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There are many different phenotypes of wheeze described in literature, most commonly
distinguished by their patter(21), timing of onsef21)l y R G KS LJ (A 320 Qa | G2

These are described in the tables below.

Tablel: The phenotypes of wheeze as described in lagarre

o Wheezing during disete time periods associated witt
Episodiqviral) Wheeze i . )
B viral cold. No wheeze in between episodes
(20)
Multiple Trigger Wheeze Discrete exacerbations with wheeze in between.
) Symptoms commence before three years. No
Transient )
symptoms by or after six years
Timing _ Symptoms commence before three years and contin
Persistent ; .
(20) until andafter six years
LateOnset Symptoms start after three years
_ Sensitized to one aeroallergen by age of six years
Atopic ) ;
Atopy reaction to this allergen causes wheeze
(21) ) Wheeze with viral infections during years two and th
Non-Atopic o
of life

Those with transient early wheeze can be distinguished from other types of wheeze by a
deficit in lung function which is evident shortly after birth, before any ®U) At birth,
persistent wheezers have similar lung function to swameezers buthad nearly 50% better

lung function than transient wheezers. Atx years however, persistent wheezers had
significantly reduced lung function compared to other phenotypes of wheeze. Persistent
wheezers have more frequent symptoms and more frequently reozema, rhinitis and a

family history (FH) of maternal asthr(i2D).

1.2.2The Burden of Paediatric Respiratory Disease
In the United Kingdom ) across all age groups onefiire deaths are due to respiratory

disease, which is higher than ischemic heart disease. Only countries with poor health care
systems and lowfunding having higher rates of respiratory disease in Europe. In 2006
respiratory disease was reported to cost the NHS around £6 billion and account for around

one million hospital admissior{23).
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Respiratory disase is the most common reported long term illness in children and babies
with aroundone infive children and babies having a diagnosis of asthma in @B)6Asthma
alone costs the National Health Service (NHSaround £672 million per y& which
accounts for between one per cent and two per cefithe NHS healthcare budgé3). In
2009 the estimated rate of asthma in the UK was 136.6/10,000 person years, andybarl8
prevalence was 22.9%4) The Born in Bradford (BiB) cohort described the rate of wheezing
disorders to be 40.3/000 person years in the first fiyears d life and identified that one of
five children will have been diagnosed with aegling disorder or rhinitis by fisears of
age(25). Respiratory Syncytid/irus (RSV) will effect onefime infantsin first year of life;
between two and three per ceruf thesewill requirehospital admissioii26). In the UK RSV
accounts for around 450,000 GP consultations, @@,Bospitalizations and 83 deaths per
year with the highest rates in those less thsik months old(27). CF has an incidence of
around onein 3,500 with a mortality rate between two and five per cent at two years of age,
10 to 30 per cent at fivgears and 35 per cerdt 15 years. Children with CF will experience
on average three exacerbations per ye@8). The World Health Organization (WHO)
reported that the biggest single causédeath globallyn the first fiveyears of life was acute

respiratory illness such as pneumo(2®).

Respiratory disease impacts on the QoL of both the patients their family. QoL was
reported to be lower in infants aged between two months and jiearsof agewith wheeze

(30) and was lower in both children and their caregivers in diagnosed and undiagnosed
asthma patiens (31). Both patients diagnosed with CF and their families reported a lower
QoL(16). A worseQoLin the infant and their caregivers was reported in those with severe
asthma (compared to mind/moderate asthma) and those with poor control of dinma
(compared to those with good contrd32). It has beentsown that QoL of children aged one

to 14 years was improved with increased control of their asti{g®)

These figures show the burden of respiratory disease on both the population of the UK and
the NHS and why investigation into the natural higtof respiratory disease in preschool

children is important.

1.3-Risk Factors for Paediatric Respiratory Disease
Many risk factors for paediatric respiratory disease have been describéxe literature.

However the significance of these risk factors #mel natural history of respiratory disease

is disputed in the preschool population. Toemmonlyreported risk factors for paediatric
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respiratory disease are discussed below and less reported risk factotésatessed later in

this thesis.

1.3.Z-Air Polldion

Coal Dust pollution was shown to be associated with increased respiratory symptoms in
primary school children in both Merseysi¢ig4) and elewhere in the UK. In Nottingham it

was shown that living within 90 meters of a road and therefore increased exposure to traffic
air pollutants was associated with an increased prevalence of wheeze in chiRberin
children already diagnosed with asthma, increased levels of air pollution was associated with
an increase in symptoms and the use of brasditators (36). It was showrthat hospital

I RYA&daAz2ya RdzS (2 NBALIANI G2NE adaeyvyLiizvya FyR
higher at times of higher air pollution levels; this may be due to inflammation of the airway
epithelium(37,38).

1.3.2Breastfeeding

The evidence for the relationship of breastfeeding and wheeze over the agfiged$
conflicting(39), however there is strong evidence supporting the benefit of breastfeeding on
respiraory health beforefive years of age. Respiratory symptoms in the faigstmonths of

life decrease as breastfeeding time increased. Likewise a shorter breastfeeding time and
none-exclusive breastfeeding was associated with increased risk of asthma symfitpm
Breastfeedng for onemonth reduced the incidence of lower respiratory tract infection (LRTI)

in the firstsixmonths of life(40). Breastfeeding fosixmonths or more was associated with
lower levels of wheezingoB dry cough, and phlegm production during the fiictir years

of life. The strongest association was in the first and second year ¢4lijeBreastfeeding

may also reduce the negative effect of maternal smoking and premature birth on respiratory
symptoms(7).

1.3.3Smoke Exposure

There is a large evidence base supporting the hypothesis that smoking during pregnancy and
postnatal environmental tobacco smoke (ETS) exposure isciagsd with a higher
prevalence of respiratory symptoms in children. The effects of maternal and paternal
smoking prenatally and postnatalig likely to be dependent on the individual and their
environment. It may cause an adverse effect on the immurstesy, the structure and the

function of the developing lun@2).

Maternal Smoking in Pregnancy
Maternal smoking in pregnancy has been shown to increase the incidence of wheeze in early

childhood(43). Smoking in pregnangciput not after, increased recurrent wheeze and the
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diagnosis of asthma in the first 2 years of (. Meta-analysis of eighEuropean cohort
studieshas shown that maternal smoking in pregnancy increased the risk of both wheeze
and asthma betweefour andsixyears of age regardless of ETS after birth. Maternal smoking
in pregnancy had a dose response relationship with the number of wheezing episodes,

persistent wheezing and asthma diagnosis at 15 years of4je

Postnatal Smoking

Infants with a mother who smoked were shown to be three times more likely to have a LRTI
in the firstthree years of life and had a younger agdiddt infection than those who did not
have a mother who smoked. There was a dose response relationship shown between the
number of cigarettes the mber smoked and the incidence bRT(45). Similarly in a Polish
cohort study,three year olds who wereexposed to ETS had more RTIs which required
increased admissions to hospital and antibiotic treatm@)t Admissions to hospital with a
LRTI in the firdive years of life was higgr in those infants with a smoking moth@6). ETS

was associated with an increase incidence of wheeze in thg4iryand second year of life

(5). In the firsttwo years of lifeETSwvas associated with hew onset asthmatic and allergic
symptoms and negatively associated with remission of symptoms betwaer and six
years of ag€48).

1.3.4Prematurity

Pretem birth was associated with aincrease prevalence of early remitting wheeze and
persistent wheeze over the firgevenyears of life(49). In a Swiss cohort study, wheeze,
inhalation therapy and hospitalisation in the first year of life were all associated with preterm
birth (50). Babies born at less than 28 weeks are at risk of bronchopulmonary dygpiREix

but there is mixed evidence on the difference in frequency of respiratory symptoms between
premature babies with and wibut BPO(51).

1.3.5Low Birth Weight

A metaanalysis study has shown thatow birth weight significantlynicreases the risk of
developing asthma in childhoo2) A birthweight less than 1.5kg wasrisk factor for
diagnosis of asthma and hospitalisatidue to asthma between birth arfdur years of age

(53). A low birthweight was associated with reduced lung functiorsixtweeks of ag€54)

and increased inci&hce of wheeze in the firshree years of life(55).

1.3.6Household Status

Poor housing increases respiratory disease in the tiivstyears of life and a damp home
environment increase cough and phlegm production at 1&éryef age(56, 57) Household

overcrowding may increase the risk of LRTI in chil@&phowever having siblings at home
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was associatedith decreased risk of asthma diagnosis between 4.5 and 14 years &Dlife
61). Bed sharing at 24 months was shown to be a risk factor for wheeze betweemdsix
years of ag€62). Increased householtlmidity was associated with amcreased prevalence
of wheezg63), however higher dust endotoxin levels were shown to be protectivstiima
(64). Higher household income was associatedhvincreased respiratory health, while
children from poorer families had an increased risk of L&l asthma (56, 65, 66).
Excessively clean environments were associated with increased wheezing in chil@ipod

Many of these findings are in line with the hygiene hypothes&sttima(68, 69)

The Hygiene Hypothesis of Allergy

It was suggested by Strachan in 1989 that infection in early childithmdto the presences
of older siblings may reduce the development of allergic illr{68% Rook developed this
theory further by suggestintipat the proper development of the immune system depended
on microbeghat were present duringvadution. The absence of these microbes may lead

the development dallergic diseasés8).

1.3.7FH of Atopy
Having a mothewith ahistory ofatopy is associated with infaasthma betweerthree and

five yearsof age(70). Maternal asthma was asi factor for wheeze in girls o yearsold

and above and for boys dive yearsold and above. Paternal asthma was a risk factor for
boys betweertwo andfive years(71). Children with mothers with asthma are more likely to
have a diagnas of asthmg72).

1.3.80ther Risk Factors and Exposures

Wheeze during childhood is more commionboys than in girl§25). There is disagreement
on the role of nursery attendance and its assdion with asthma and development of
wheeze. Nursery attendandeas been shown to be assiated with an increased diagnosis
of asthma betweenhree andfive years of ag€70). In a different study however, it has been
shown to reduce wheze in the firstfive years of lifeg(73). A further study showed nursery
attendance to increase the symptoms of asthma during the fost years of life and be
protective there after(74). A western diet with high levels of trans fatty acids nmayease
the risk of asthma, ere as a Mediterranean diet with high fish, fruit and vegetables may be
protective(75, 76) Sensitization talogs, cats and dust mites were all associated with an
increased risk of asthmé&/ 7, 78)and exposure to other fuy pets was associated with

increased early remitting and persistent whe€z@).
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1.4-Measures of Respiratory Disease in Preschool Children
There are many tests of lung function. The choice of test in preschool children is depende

on the intended outcome measure, the feasibility of the test, and cooperation of the child,
and is often determined by their age. In 2007 the American Thoracic Society produced
guidelines on the use of lung function tests in preschool children. Degpitelinesonly
82.3% of children aged between four and fj@ars can produced one acceptable spirometry

result and only 54% can produce repeatable res@e.

Peak Expiratory flow rate is a simple and cheaggssment of airway obstruction which has
produced acceptable measurements in preschool child@n However, itis unreliable and

has poor reproducibility so is only used as a screening(8)l

Apneumotachometerland facemask can be used to measure tidal breattioweverit has

not been tested for variability and the ability to detect disease in preschool chi(@@n

Respiratory Inductance Plethysmography (RIP) is performed by using volume signals
monitored by bands placed around the chest and abdominal wall. In children betivesn

and sixyears of age, RIP has succesgfatisessed changes in lung function and measured
airflow obstruction(24, 83)however there is no data in infants younger than tfisat being

said, RIP is more successful than spirometry and pneumotachometersystem in very

young childrer(84).

The Forced &illation Technique FOT) is performed by exerting external pressure to the
respiratory system and requires no breathing manoeuvres so little cooperation from the
patient is required85). FOT has been shown to be sensitive in assebsimghodilation in
children aged two td.8 yeas oldand bronchial hyperesponsieness in betweerfive and

18 yeasold (86, 87)

The Interrupter Technique is the measure of the pressures produced during normal breathing
after a sudden airflow interruption at the mout80). It is a feasible and repeatable measure
of lung function and has been successfully used in those tiwree years for short term

assessment of intervention respong, 82)

The Multiple Breath Wash Out technique is as assessment of functional respirgbaitga
and ventilation distribution which requires only passive breatt{B@. Minimal cooperation
is required and it has previously identified 73% of those with abnormal lung functions in CF

patients betweenwo andfive years of ag€88).
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Bronchial responsivenessassessetby the administration of histamine or mdcholine to
the lungs to cause airway narrowi(@2). Thishas a high sensitivity and positive predictive
value in asthma, and is useful to determine the effectiveness of iatgions however

carries the same problems as spirometry when used in preschool ch{igidgn

Nitric Oxide is produced in the lungs by eosinophils during airway inflammation in allergic
asthmatic patient¢89). Nitric oxide measurements have successfully been used in a study in

school childrer(37)however not in preschool children.

In conclusiorpulmonaryfunction testing in thosgounger tharfive yearsold is difficult due
to the reduced ability to voluntarily perform the manoeuvres requirad T testing is
essential it is often performed whilst the child is aslegjpthough dildren betweentwo and
fiveyears of ageare usuallymore cooperative than those belowvo years old theystill have
short attention and are unlikely to perform the teas well as children ovdive years(80,
82). There is no routine or simple measurement of function suitable for regular use in
preschool childrenespecially in those unddwo years of ageBecause of this, respitory
symptom questionnaires are often used to assess respiratory symptoms in preschool

children. Respiratory symptoms questionnaires are discussed in section 1.5.

1.5 Respiratory Symptom Questionnaires
There are several adult, sedporting respiratoryquestionnaires that have been validated

for various uses in the adult population (see appeljliAlthough some adult questionnaires

may have informed the design of paediatric questionnaires, they are often very different. The
majority of questionnaireassessinthe paediatric age grouarecompleted byl KS & dzo 2 SO ¢
parents. Several questionnaires have been develapetivalidatedor use in the paediatric

population and specifically the preschool population. These are discussed below.

1.5.1-PaediatridRespiratory Symptoms Questionnaires
The Asthma Control Questionnaire for Children (ACQ)

The ACQ was developed to produce a reliable, valid and responsive questionnaire for clinical

use, to assesasthma control in children agesixto 17 years old. It wadeveloped without

the need of a daily record of symptoms, medication use and airway c#8bj)dt contains

seven items assessingethprevious seven days on a seven point scale; simptom

questions, a question assessing medication use and an FEV1 measu(@@)dhhas been

validated for use in children aged $x10 years of age when administered by an interviewer

QL /dzi 2FF LRAyGa KIFIFS 0SSy RSGSNN¥AYSR RAC
WAYlFRSIljdzr 6Ste& (@yaNRtftSRQ aGKY!
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The Asthma Therapy Assessment Questionnaire JATAQ

The ATAQ was developed to assist clinicidantify children and adolescents with asthma
who are at risk of adverse outcomes. The questionnaire contains 20 items assessing symptom
control, behaviours, attitude barriers, sadfficacy barriers and communication gaps. This
guestionnaire addresses isss that are not addressed by other questionnaires such as the
ability to take medications. It is useful in identifying those in need of further manageonent

medical attention in fiveo 17 year old$93).

Breathnobile Case Identification Survey

The Breathmobile Case Identification Survey is afage survey that was developed as part

of the Breathmobile programme. The Breathmobile programme aimed to detect cases of
asthma in a large population aged less than &@8rg of age (mean age 8.9) in reaction to a
large increase in the incidence and prevalence of ast{#¥a It contained sevenuestions

to be completed by caregivers and was shown to have a sensiti8§.5% andh specificity

of 83.6 per centlt had a mislassification rate of 14.3 per cerfin inexpensive incentive to
complete the questionnairencreased return rates from 351 65.0 per cent(95). It has

been validated in a low socioeconomic, urban population to identify uncontrolled asthma

with moderate to severe disease activ(84).

The Chilhood Asthma Control Test

The Childhood Asthma Control Test was developed due to a lack of measure of asthma
control in children under 12 years of age. Its development has provided a tool that provides
the clinician with a quick overall picture of asthe@ntrol and aids communication between
clinicians, caregivers and the chil@6). It is asevenitem questionnaire with fourchild
completed and three caregiver completed items. It is reliable and acterrsn assessing
asthma control in fouto 11 year old$96). A score of 19 or less indicates inadequate control

(96)with a score of 12 showing the prest control and increased risk of poor outco(®&).

Childhood Asthma Questionnaire (CAQ)

There are threeversions of the CAQ; A, B and C which were eaghldped for a different

age range four to sevenyears eight to 11 yearsand 12 to16 years respectively). The
guestionnaires contain 14, 22 and 41 items respectiy@8). These questionnaires assess

the QoL of the respondent due to their diagnosis of asthma using pictorial scales of either
increasing size bars or cartoon faces. The younger responders completed the questionnaires

with the help of their parent¢98, 99) The questionnaires had good tdsst repeatability
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and were shown to be good estimates of disease $tgbilnternal consistency of the

guestionnaires varied but was higher when used in older chil@&p

Chronic Cough QoL Questionnaires

The Cough Specific QQuestionnaire was originally developed in Brisbane due to the lack

of a cough specific QoL measure in the paediatric population. It assesses parental feelings
YR #62NNASE (G261 NRa {(AKStisH2ARK fuesRddraire@ssdsBngA O OK
physical, social and psychological domains of QoL. It is a reliable and valid outcome measure

and is sensitive tahange over time when assessing children under 14 y@&f) Later, a

16-item child completed questionnaineas developed. That has been shown to be valid and

reliable in sevemno 17 year olds and is sensitive to change over tfiri)
The International Study of Wheezing Infants QuestionnaireViEdpL

The International Study of Wheezing Infatgestionnairgd EIS\WQ) contains 45 questions
assessing demographics and risk factors for wheeze, respiratory symptoms, physician
diagnosis basthma and medication use. It was designed to be completed by pafEdi}

It has been validated in Spanish and Portuguese and shows agreement with clinical
examination in infants aged 12 to 15 months @183, 104) A shortened version containing

21 questions has been validated in Portuguese showing good reliability, reproducibility and

internal consistency for children aged 12 to 36 months of (A§2)
ISAAC Questionnaire

The ISAAC questionnaire was developed by experts using a consensus process at a workshop
using previously validated questions. It contained 21 items assessing prevalence and severity
of wheeze, eczema and rlilis (105) The questionnaire was seHported in 13 and 14 year

olds, and parental reported in six to sewggar oldg105) It has been successfully used in an
international study (ISAACL05) The questionnaire has been produced in a variety of
languageg105, 106)and an international video version of the questionnaire has also been

validated(107)

The Leicester Respiratory Cohorts Questionnaire

The Leicester Respiratory Cohorts Questionnaoetains 51 questions assessing three
domains; symptoms, environment and home factors, and family and social £188s109)

The symptom domain assesses the nature of the respiratory history and specifically assesses
wheeze, cough and doctor diagnosed asthma. If wheeze is reported an additional 10
questions assess the phenotype of the whe€k@9) It has been shown to have excellent

repeatability(110)
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The Mehanisms of 8velopment of Allergy (MeDALL) Core Questionnaire

The MeDALL Core Questionnaire was developed to harmonize questionnaires that asses
asthma and allergy used in thircohort studies to allow comparison between stud{@41)

It is now in use in 11 birth cohort studieseight different languages. It wadeveloped by
members of eighEuropean birth cohorts to asses 14 to 18 year olds and their parents. It
consists ofeight sections with a total of 66 core gstions with an additional 19 optional
guestions(111) There has been no formal validation of this questionnaire and it may not be

suitable to younger populations.

The Paediatric Cough Questionnaire

The Paediatric Cough Questionnaire is a measure of the QoL of a child with a chronic cough

compleedby the caregiver. It contains fivgiestions assessing frequency; sleep disturbance

62F LI NByYyild YR OKAfROI &S@OSNR {painkLikerystaleWo 2 i KSNE 2 Y &

showed good testest repeatability, internal consistency and validityl 2)

Paediatric Asthma Quality of Life Questionnaire (PAQLQ)

The PAQLQ was designed to examirehihrden of asthma experienced by children with the
disease. It aimed to assess areas of function and physical and emotional wellbeing. It
consisted of 23 items split inihree domains; activity limitation, symptoms, and emotional
function. The unique aggt of this is that the questionnaire is individualised; at the first time

of completing the questionnaire the participants asked to ideritifge activities they enjoy
doing. Questions are assessed onpoiht Linkert scal€113) The PAQLQ was able to detect
change in health status and differentiate from stable patients agganto 17 years. It was
reproducible in stable patient€l13) A pictorial version has beenddoped, however this

had only been validated in those oviére years of ag€114)

Test for Respiratory adsthma Control in Kids (TRACK)

The TRACK questionnaire is a fteen questionnaire completed by parents which assesses
symptoms, their frequency and their effect on activity, waking at night and medication use
(115) It has been validated and is a reliable, easy to administer questionnaire. Cut off scores
identifying those with respiratory control problems and a minimally important difference
score hae been determined115, 116) The questionnaire is responsive to changes in

symptoms over timg117)

Conclusion
There are many paediatric respiratory questionnaires some of which have been validated for

use in the paediaic population. However the majority of these are not validated in those
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less tharfive years of age. The majority of questionnaires are disease specific or assess QoL
alone. The LRSQ questionnaire used in the LBBS is the only questionnaire that mdvialidat

the preschool population, which assesses a range of respiratory symptoms under various
conditions and combines the assessment of the QoL of the child and their caregiver with a

respiratory questionnaire.

1.5.2-The Liverpool Respiratory Symptom Qicgstaire

Development of the LRSQ

¢CKS [ADSN1LR2t [w{v 6Fad RS&aAIYSR 06& NB&LRNI
| 2aLIAGI f FYR ''ftRSNJ I S /KAftRNByQa | 2aLhAidlfa
features and concepts from standard questionnairegadly in use in older populations. It

assesses wheeze, cough and breathlessness during both the day and night, and the impact of
iKSasS aayvyLizYa 2y 020K (KS OKAf RQ& thte R Tl YA
months. It is the assessment of the ingbaf these symptoms which makes the questionnaire

unique. A 5point Linkert scale is used ranging from no symptoms to symptoms evefi)day

The orignal questionnaire contained 32 questions. A cohort of 242 babies was used to assess

practicality, response rate, reliability, validity and criterion in comparison to expert opinion.

@

Response rates to the questionnaire sent via post in an earlier study were 64% for the first
questionnaire and 56% for thespeat questionnaire. Questionnaires completed in the
outpatients department produced a responsate of 100%. Overall this léd 114 pairs of
questionnaires for further analys{4). The LRSQ showed moderate short term repeatability
(Kappa score 0d.4 or more) in all bar one question which showed fair repeatability, and
good internal consistency in all domaifly. Factor analysis showddur questions were
responsible for a large proportion of the variance in responses so these were removed from
the original questionnaire which was then rearranged iaight domainst@ble 2) (1). The
questionnaire showed agreement with respiratory expert opinion. Those with asthma scored
significantly higher in all domains. ROC analysis showed that all domains had a good
sensitivity for identifying asthma pati¢s, however some domains showed unacceptable

specificity(1).

Overall the original development of the LRSQ has produced a practical, acceptable
respiraory symptom questionnaire for the use in undéve year olds, containing 28
questions oveeightdomains which produced good response rates and was valid, with good

internal consistencyl). The questionnaire is shown in figuse.-4.
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Copyright Liverpool Womens Hospital

Name of Child Study Number
1. This first question refers to at any time in your child’s life:
Has your child ever had wheezing (whistling noise Yes No

coming from the chest) at any time in the past?

2. The next questions are specifically aimed at the last three months:

A) During the day (when awake) in the last three months:

1) My child has had wheezing (whistling noise coming from the chest):
Every day most days some days a few days not at all
11) My child has had a cough:

FEvery day most days some days a few days not at all
111) My child has had a rattly chest:

Lvery day most days some days a few days not at all
1V) My child has been short of breath:

Every day most days some days a few days not at all

B) During the night (when asleep) in the last three months :

1) My child has had wheezing (whistling noise coming from the chest ):

Lvery night most nights some nights a few nights not at all
11) My child has had a cough:

FEvery night most nights some nights a few nights not at all
iii) My child has had a rattly chest:

Lvery night most nights some nights a few nights not at all
1v) My child has been short of breath:

Every night most nights some nights a few nights not at all

v) My child has snored :

Every night most nights some nights a few nights not at all

Figurel: Page 1 of the Liverpool Respiratory Symptom Questionnaire
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C) How many colds has your child had in the last three months:

None one wo three more than always
three has a
cold

If the answer to the above question is ‘rone’ continue to questions in
section D:

When my child has had a COLD in the last three months:

i) My child has had wheezing (whistling noise coming from the chest):

Fvery cold most colds some colds a few colds not at all with colds
i1) My child has had a cough:

Every cold most colds some colds a few colds not at all with colds
ii1) My child has had a rattly chest:

Every cold most colds some colds a few colds not at all with colds
iv) My child has been short of breath:

Fvery cold most colds some colds a few colds not at all with colds

D) When my child does NOT have a COLD, in the last three months:
i) My child has had wheezing (whistling noise coming from the chest):
Every day most days some days a few days not at all
i1) My child has had a cough:

Every day most days some days a few days not at afl
111) My child has had a rattly chest:

Every day most days some days a few days not at all
iv) My child has been short of breath:

FEvery day most days some days a few days not at all

Figure2: Page 2f the Liverpool RespiratorgymptomQuestionnaire
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E) When my child has been MORE ACTIVE (e.g. crawling, walking or
when excited) in the last three months:

i) My child has had wheezing (whistling noise coming from the chest):
Fvery day most days some days afew days not at all
i1) My child has coughed:

Lvery day most days some days afew days not at all
ii1) My child has had a rattly chest:

FEvery day most days some days a few days not at all
iv) My child has been short of breath:

Lvery day most days some days a few days not at aff

F) These next three questions are about other problems your child may have
had. Over the last three months:

1) My child has had noisy breathing that does not seem to come from the chest :
Every day most days some days a few days not at all

ii) My child has had fast breathing:

FEvery day most days some days a few days not at all

111) My child has had noisy breathing that appears to come from the throat or back
of the throat:

Fvery day most days some days a few days not at afl

Figure3: Page 3f the Liverpool RespiratorfsymptomQuestionnaire
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G) The next four questions are on how your child’s chest symptoms actually
affect HIM or HER over the last three months:

i) My child’s chest symptoms have affected my child’s feeding or eating:

Fvery day most days some deays a few days not at all

i1) My child’s chest symptoms have woken up my child:

Lvery night most nights some nights a few nights not at all
i11) My child’s chest symptoms have reduced my child’s activity:

Every day most days some days a few days not at all

iv) My child’s chest symptoms have made my child unusually tired:

Lvery day most days some days a few days not at afl

H) The next four questions are on how your child’s chest symptoms actually
affect YOU and YOUR family’s life the last three months:

1) My child’s chest symptoms have limited my activities:
Lvery day most days some days a few days not at all

ii) My child’s chest symptoms have resulted in adjustments being made to our
family life:

Every day most days some days a few days not at all

111) My child’s chest symptoms have disturbed our sleep:

Lvery night most nights some nights a few nights not at all
iv) I have been worried about my child’s chest symptoms:

FEvery day most days some days afew days not at all

Figure4: Page 4f the Liverpool RespiratorgymptomQuestionnaire
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Previous We of the LRSQ
Since its development the LRSQ has been further validated and has become a popular

guestionnaire in assessing respiratory syoms in undeffive year olds.

The LRSQ can differentiate between those with CF and those without and between active
and stable CF disease in both preschool infantssixtd 12 year olds. It correlates well with
other measures of respiratory disease. Irethame study, analysis of the questionnaires
showed alleight domains had good internal consistency in the preschool aged group.

Removal of questions about snoring improved the internal consistency fufiiéer

The LRSQ has been increasingly used in studies that are independentnfjthal research

team that are described below. The ADEM study used the LRSQ in the development of a new
asthma diagnostic techniqu&18) The LRSQ was used as an outcome measure in premature
infants without dironic lung disease to measure of lung funct{@t9) Finally it was used in

a study in preschool infants with wheeze to assess if the response to corticosteroids can be
predictedby inflammatory response measures or by measuring the change in symptoms and
lung function(120)

¢tKS [w{v KIFIad 0SSy dzaASR Ay (0KS Wt NBQOSyel tI| aaArQdS {
benefit of motivational interviewing in preventing passive smoke exposure in those with a
high asthma risk121) It was used as a disease ma@&sin a study assessing the impact of
primary prevention programs on risk taking behaviour for allergic diséb22) A cross
sectional study showing preterm birth wassociated with increased wheeze used the LRSQ

to assess the respiratory symptoms in undiee year olds(25, 46) It has also been used
successfully to show that RSV associated wheeze was more likely to prolbercic a
sensitisation and lead to increase symptoms and steroid use compared to RSV Bronchiolitis
(123)

Five studies investigating maternal and birth risk factors have used the(LR$128). Two

studies assessing impact of maternal asthma control in pregnancy on preschool respiratory

symptoms used the LR(R4, 125) They found that firstly, optimised control of maternal

asthma may reduce the risk of imfiabronchiolitis and possibly subsequent asthma in

childhood(125) Secondly thatexpdgNE G2 Y| GSNYy It Fa4GKYl Yr& FfdSN
blood DNA methylation profile which is a possible risk factor for childhood asthma
development(124) The LRSQ has been used to investigate the maternal tacketeels in

pregnancy and showed that a higher levels and a high fibre diet may be associated with

reduced preschool airway diseag&27) Similarly the effects of amniotic protease on
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childhood respiratory symptas was assessed using the LRSQ but there was no association
found (128) Lastly it was used to investigate the management of very early preterm
premature rupture of membranes with amnidransfusion, but again no signiiot benefit

was found with regards infant respiratory symptofi26)

The LRSQ was used to assess the respiratory outcomes in children with neurodisability. It
successfully concluded that children with neurodisability have higher respiratory symptom
scaes (17, 129) In infants who have undergone lobectomy due to congenital thoracic
malformations the LRSQ was able to differentiate those who have ever had asthma

compared to those who have n¢130)

The LRSQ has been used in a variety of studies alongside the ISAAC questionnaire as a popular
measure of baseline atopy. This combination of questionnaires has been used in studies
assessing the esof skin prick testing and nitric oxide production measurement in the
investigation of peanut allergi€431, 132) Likewise it has been used in a study to investigate

the link between environmental smoke exposuigterleukin 4 and 13 gene polymorphisms

and risk of infant wheeze. It was found those exposed to ETS with the interleukin 4 gene

polymorphisms conferred at a tenfold increased risk of whe@28)

1.6- Birth Cohort Studies

Birth cohort studies have been commonly used to investigate risk factors for paediatric
respiratory disease and to map the natural history of respiratory disease in children. A
literature review of Bih Cohort Studies was performed to investigate their findings and
study designs. The search terms used to identify cohort studies performed in both Britain and
internationally, which follow both national and regional populations are shovappendix

1. Anin depth analysis of their main findings and their study design was performed and is
shown in appendix 2 only those cohort studies with findings relevant to preschool
respiratory disease and its risk factors tloose with novel andnteresting study dsigns are
discussed. During this literature review fdarge respiratorystudies that did nofollow a

Wo A NI KstudiRekignNdie identified. A detailed analysis of their study design and key
findings is also included appendix3. The remaining doort studies found in the literature
reviewbut that are not discussed in detaile shown irappendix 4Table Zhowsa summary

of the study design of the relevant cohort studies. A summangafuitment strategiesand

methods to reduce attrition ipreviouscohort studies is given below.
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Table2: Birth cohort studies identified by literature review

Year Cohort Size Recruitment Rate Attrition
1946 British Cohort Study 12.6% (4 years)
1946 13,600 82%
(134) 19.9% (15 years
1958 British Cohort Study
1958 17,400 99% 0.7% (7 years)
(135)
1970 British Cohort Study
1970 16,600 96% 21.1% (5 years)
(136)
The Millennium Cohort 17.2% (3 years)
2000 18,800 88%
Study(137) 17.8 (5 years)
Aberdeen Children of the
1950 12,000 85% 36% (50 years)
MbpnQa / IR N
l g2y | KAt RNE 2.6% (2 years)
1991 14,541 95%
Study(139) 15.6% (5 years)

25% (1 year)

Born in Bradforg49) 2007 13,776 64%
30% (2 years)

Isle of Man Cohort Study

1992 1,314 95% 21.26(15 years)
(140)
The Newcastle Thousand
_ 1947 1,146 84% 26.1% (5 years)
Family Study141)
¢KS [ 2dziKI YLJ 5% (1 year)
1998 12,583 75%
Cohort(142) 7% (2 years)
Manchester Asthma and 6.9% (1 year)
1995 1,500 41%
Allergy Study143) 8.3% (3 years)

The Prevention and
Incidence of Asthmaand 1996 4,000 50% 8% (8 years)
Mite Allergy (144)
¢KS ¢dz0az2y
Respiratory Studi15)

1980 1,200 78% 13% (5 years)

1.6.1- Summary of Recruitment in Birth Cohort Studies
Recruitment strategiesin previousbirth cohort studieshave led to recruitmentrates

between 426 and 9% of the eligible populatio(iL35, 143) regional cohort studies report
recruitmentrates between 95% and 44(139, 143)Recruitment has been from GP practices

(142) prenatal clinic$144) during postnatal carél34136)or using electronic records after
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birth (137, 138) Recruitment has been performed by either midwives, other members of the
study team(136, 141, 143)r by participants selfegistering(142) The length of recruitment

has varied from one week in some stud{@84-136)to over a year in other&/2, 74, 75)the

use of all year round recruitment has reducti seasonal variability in clhacteristics of

birth and diseased he use of advertisement before the study in thke of Marcohort study

lead to very high participation ratgd40) ¢ KS | g2y [/ KAf RNBYy 27F (KS
of Man Colort study were the two regional cohort studies with the most successful
recruitment strategies. They both recruited for over a year using midwives to recruit mothers

during their prenatal carél39, 140)

The profle of the infants and their families recruited into the cohort studies were often not
representative of the population eligible for recruitment particularly in smaller regional birth
cohort studiesFor example inthé @2y / KA f R NsBigy (ARSRC)imistBers qrvered &
more likely to be whitepwn a home and car, be marridtkive a higher socioeconomic status
and live in an overcrowded home that the population eligiiolerecruitment(139) TheBiB
cohort contaned older,more educated motherg49)and themothersin the Prevention and
Incidence of Asthma and Mite Allergiudy (PIAMA)were more highly educated and more
likely to breastfeed than the population of the Netrlands(144) Likewise infants of the
minor ethnicities were under represented in the 1958 British Birth cofi35)

1.6.2- Summary of Attrition in Birth Cohort Studies

It is clear from previous cohort studies that attrition is an unavoidable phenomenon in cohort
studies due to a variety of caeis. These include death, withdrawal of consent, emigration
and loss of contacfThe 1958 British cohort had the lowest attrition rate; it was still able to
trace 99.3% of its participants at 7 ye#&t85) Of the smaller regional cohorts the PIAMA
study had the lowest attrition rates with only 8% of the cohort being lost over the first 8 years
of the study(144) TheBiB1000 substudy had the highest rates of attrition with 30% of the
cohort being lost over the first 2 yea(49).

Measures have been takénincrease response rates and reduce attritiorprevious cohort
studies Methods used are regular contact with participartsdugh the use of newsletters,
birthday cards(49), phone call§142)and study websites(49). School registers and links
medical orgovernment records have been used to reduce the proportion of participants who
are lost due to a change in their contact det4il84-136). It is clear that studies that have
more resources (such as access to sthoedical/government records and a team
designated to improving follow up) had reduced attrition rates in comparison to smaller

studies with fewer resources.
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1.7-Merseyside Health Profile and Respiratory Studies

1.7.1-Merseyside Health Profile
In 2015Liverpool was ranked the #most deprived city in the UK with 8.7% of its population

beingin the most deprived 1% of the UK populatida5) Over 32% of children ihiverpool

live in low income familie€l3). Life expectancy is lower than the national average for both
males and females and this is most pronounaedore deprived areagl3). Liverpoolhas

high levels of preschool respiratory disease compared to the average in the UK. The Chief
aSRAOI f h ¥Tar200Staddthat INEpdghisdia higher rate dfospital admissions

due to bronchiolitis and thedurationof stay in hospital is longer than the average in England
(15 ¢KS K2aLAdlFt FRYA&daAz2y NI GS RdzS (G2 [we¢LQa
however the length of stay in hospital is longer than the average in Engl&)d The
prevalence of asthma ihiverpoolis increasing and the number of emergency admissions
due to asthma in bothkildren and adults is higher (304.7 compared to 216.1 per 10000
patients), and the averagauration of stay in hospital is longer again indicating inadequate
control (14, 146) The rate of death due to respiratory conditions at all ages is higher in
Liverpoolthan the average in Englariti4). Liverpoolhas high rates of smoking compared to

the average in Englarehd smoking related deaths are more common, accounting for 928

deaths a yea(13).

Children inLiverpooltend to be less educated than the average dleiitin England, and they

are more likely not to be iaducation at 1618 years old and more likely to be living in poverty

at 16 years of agél46) Liverpoolhas higher rates of child Accident and Emergency (A&E)
attendances compared to England, higher levels of children with decayed teeth and a higher
rate of admissions due to dental cari@st6) Inschoolyear 6, 23% of chitdn are classified

as obese, which is higher than the national aver@ds)

In 2015 mothers irLiverpoolwere more likely to be teenagers, less likely to initiated
breastfeeding, less likely to vaccinatesihchildren and are more likely to be smoking at the

time of delivery (16.1% compared to 10.6%) than the average mother in Er(d@)nd

All this together makes thelLiverpool population a good cohort for spiratory
epidemiological studies due to the highprevalenceof risk factors for respiratory disease

that they express.

1.7.2-Merseyside Respiratory Studies
In 2006 61.4% of children ihiverpoolived in household with at least one smoker, compared

to 53% in the rest of the UK. This exposure to tobacco smoke was shown to give the children
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a higher average saliva cotinine concentration than the average in England-Q1461g/ml
compared to 0.5ng/mlY147) Risk factors for an increased ETS exposure was maternal
(rather than paternal) smoking, age less theevenyears of age, being male and a lower

socioeconomic statugla7)

Twosstudies investigated the effect of dust air pollution on respirgteymptoms in school
children inLiverpool Liverpoolwas an ideal place fdhis study due to the Bootleatk yard
situated within a large residential aréa6, 148) Sudiesfoundthat exposireto the coal dust
increasedrisk of respiratory symptoms and absence from school. Those expose to coal dust
were also more likely to be low birth weight and their parents were more likely to be
unemployed and smoké34). It was shown that living withitwo kilometresof the docks

made the children twice as likely have excess cough, breathlessness, be absent form school
and have a doctor diagnosis a$thma compared to those ovéwo kilometresfrom the
docks(148)

Two crosssectionalstudies distributed questionnaires based on Clifford e{9)across
15 schools on Merseyside to investigate the effect of parental asthma on premature birth
and subsequent respiratory diseagts0, 151) It wasfound that maternal smoking and
maternal asthma were risk factors for preterm birth which was associated with respiratory

disease in school childrgt50)

Between 1991 and 1998 maternal astharad hospital admissions due to asthimad nearly
doubledin Liverpool Wheezing had increased in school children but the diagnosis of asthma
(defined by the triad of symptomaf cough,SoBand wheeze) had remained stable. Higher
deprivation, malesex allergy, obesity and parental asthma were all shown to be associated

with higher risk of asthmél51)

A study that assesad lung infection in adultdrom Liverpoo] showed that opportunistic
mycobacterial infections accounted for986 of pulmonary infectiong his was highéghana
similar studyin Wales at a similar time (2.9%he high smoking rates inverpoolmayhave

accouned for this difference (152)

1.8-Conclusion
The LBBS is a longitudinal birth cohort study now running intdiyeér. It uses the LRSQ, a

popular, validated measure of respiratory disease in preschool children, to assess the
respiratory symptora of the cdnort biannually fromfour months tofive years. The study
aims to map the natural history of respiratory disease in Merseyside. Birth cohort studies

have been used to assess respiratory disease for many years and have produced many novel
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findings with regeds paediatric respiratory diseas€ommon risk factors for respiratory
disease discussed in the literature are parental smokirggand postnatallyair pollution,
premature birth, low birth weight and deprivation. Breastfeeding has been shown to be
protective of respiratory disease in early life. Merseyside is an ideal area for a respiratory
cohort study due to its high prevalence of risk factors of respiratory disease in children,
including high maternal smoking, low breastfeeding rates and high airtjool! Liverpool

has ahigh rate of hospitalisation of asthma and bronchiolitis compared to the population of
the UK. A questionnaire was chosen to assess respiratory disease rather than formal
measures of lung function as they are unreliable in thesplool population. The LRSQ has
been chosen as a measure of respiratory disease in the current study due to its previous
development and validation on the preschool populationLoferpool It also incorporates
assessment of th&oL ofinfants and their familes into the questionnairesThis isan
important factor to consider when assessing respiratory disease as shown by previous
studies. Attrition is an inevitable phenomenon in cohort studies for a variety of reasons
including death, emigratigrossof interestand loss of contact. A good relationship with the
cohort is imperative for reducing attrition; this has previously been dors®me studiesvith

the use of birthday cards, newsletters and social mediall supported sudies with team
members dedicatd to reducing attrition by contacting participants, and studies with access

to school or hospital records have the lowest attrition rates.
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Chapter 2Methods

There are two distinct phases in the methodology of the LBBS; the methods of the study

design ad the methods of angbkis of the data of the studyThe study design and
developmentwere conducted by previous investigators and published in their MPhilehes

(2, 3) A short summary of this is presented in section one of this chapter.second phase

of work was the analysis of the LBBS conducted by the author. The methods used to analysis

the data are described in detail secton two ofthis chapter.

¢CKS [..{ Aa WYI LINRPaALISOGADGSsS t2y3IA0GdzZRAYLFE OAl
biannual assessment of the respiratory symptoms in preschool children bdriveérnpool
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began in 2012 and has undergoiiee phases outlined imable 3.

Table3: Phases of the LBBS

Phase Investigator (S) Dates
~ Miss Rosanna Pickle
Miss Bethan Griffith
Protocol Completion  Dr Calum Semple
1 May 2012
and Ethical Approval ProfPaul McNamara
ProfKevin Southern
Prof Ben Shaw
Questionnaire Miss Rosanna Pickle September 2012January 2013

Development Miss Bethan Griffith

Redevelopment Mr Sanjay Patel June 2015

Miss Rosanna Pickle

) Miss Bethan Giriffith
3 Recruitment January 2013November 2014
Mr Sanjay Patel

Miss Jennifer Barclay

4 Distribution Miss Jennifer Barclay September 2014 August 2015

5 Analysis Mr Joshua Stead September 2016 June 2017
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2.1-Section 1. LBB&u8y Design and Development Summary
2.1.-Aims
The aims of this section of the study were to:
1 Develop the study protocol and obtain ethical approval for the study
1 Develop study materials and the questionnaire to be used in the study using expert
knowledge Public Patient Involvement (PPI) sessions and pilot studies.
1 To determine and initiate a method of creating an automated online system for the

distribution and completion of questionnaires.

2.1.2Protocol Development
Protocol development finished and etlal approval was granted in May 201Re§earch

Ethics Committedref: 12/EM/1904). The study protocol was ddeped by Miss Rosanna
PicklesDrMG (Calum) Semple, ProPaulSMcNamara, ProKevinW Southern and Professor

NJ Ben) Shaw.The stug protocol 5 shown in appendix 6.

2.1.3Questionnaire and Study Material Development

Rossana Pickles and Bethan Griffith developed the questionnaires through the use of PPI
sessions based at the LWFhis workhas beendescribed previously bWPhil students in

their own work (2, 3) A summary of this is given iappendix 7 The final design of the

guestionnaire and other materials used in the BBBe showim appendix 1013.

2.1.4Recruitment
The recruitment phase was carried o\ INCLUSION

by Rossana Pickles, Bethan Griffit
1 Born atLtWH

Parentsilved inpostcodes L1.38
occurred between January 2013 an 1 Spokesufficient Englistio consent to
the study and complete questionnairg

Sanjay Patel and Jennifer Barclay a

=

November 2014. Eligible Infants wer
recruited after bith from the LWH.| EXCLUSION

Inclusion and exclusion criteria ar { Infants in local autbrity care

shown infigure 5 Initially if interested 1 Infants with futile prognosis as

in the study, parents (usually mothers identified by clinical team

would complete a postcard withFigures: Inclusion and Exclusion criteria in the LBB

contact details and leave it with the research team afteeir discharge from hospitalater
parents would complete an apgpased form on a tablet offered by members of the research
team. The research team or automated email process would then contact the participants
when their child reachedbur months of age with the consent form and @i®nnaireone

via post or email respectively
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A four-week pilot study ofecruitment of infants into the LBBS was performed by Rosanna
Pickles and Bethan GriffitiThe results of this pilot study arshown inappendix 8
Discussions within the researceamtook into account the results of thgilot study andit

was decided thatour days a week (Monday, Tuesday, Thursday and Friday) would be a more
suitable strategy. This was trialled fone week producing response rates of 69% and was
therefore deemeceffective (2, 3)

2.1.5 Questionnairdistribution

Questionnaire tributionbegan in May 2013, is ongoing, and due to finishatoler 2019.

A consent form and questionnai@ne was sentto the cohortwhen the infant wadour
months of age Infants are assessed evesix months until 10 questionnaires have been
completed atfour years and 10 months of age. The cohort has currergbeivedfour
questionnaires. The PPI sessions showed that the questionnaire would be most acceptable
to the public if available online. Therefore the development of an online questionnaire that
was automatically sent to participants was required; thirk was done by Bethan Griffith

and Roseanna Picklaad is shownn appendix 91t was decidedhat questionnaires would

be completed usind\dobe FormsCentral® (AFC®) (Adobe Systems Inc. Californial R¢SA)
email platform that would be used to send the apiionnaire link to the participants was
MailChimp® (The Rocket Science Grétlanta, USA) In June 2015 AFC® was suspended to
allow development as a future premium product with charges. This forced the study team to
change to use JotForm® (JotForm 8am Francisco, USA) for questionnaire completion and

response storage.

Modification of the Emailing Timeline to Reduce Attrition in the LBBS

During the early analysis of the data it was apparent that a significant proportion of the drop
out in the LBBS vgadue to participants not being invited back into the study if they did not
complete the previous questionnaire. This was because the study protocol intended to
analysis the longitudinal data of the LBBS using multivariate regressions that do not allow for
missing data. The use ahulti-level mixed effect models allowed participants to miss
questionnaires and still be included in the analysis. Therefore it was decided to send
participants the next questionnaire regardless of them completing the previous
questionnaire providing they had not intentionally left the study. This was done by modifying
the automation instructions in MailChimp® so that sending the next questionnaire to a
participant was no longer dependant on opening the previous questionnaire. This

modificationwas completed by the author. Participants could still intentionally leave the

45



study by unsubscribing from the emailing list themselves and by emailing the study team

directly.

2.1.6 Batch Testing
Due to ethical approval requirements in 2Q0%Re study needed a method of identifying

deceased infants throughout the studyp as toavoid contactwith bereaved parents that
could cause distressThis process was performed by the IT department at Alder Hey
/| KAt RNBy Qa | 2 &L { thé listdfinkBtlzdthe stody GnCaknonihy dasis. y 3

Transfer of information betweemstitutionsfor batch testing was done using encrypted files.

2.2-Section 2. Methodsdéd in the Statistical Analysisthe LBBS
2.2.2-Aims
The aims of this phase of tlstudy were to;
1 To create a profile of the infants and mothers enrolled in the LBBS and make a
comparison with the population dfiverpooland those born in the LWH.
1 To describe respiratory symptoms of preschool children using the Lia®ifrth
until 22months of age
1 To determine the differences in LRSQ scores in the different populations at each
questionnaire time point.
1 To determine the change in theRSQ scores over time and the variability in this
change between different population groups in theBB

1 To validate the LRSQ in a longitudinal study.

These aims were achieved by analysing each of the following individually; 1. The response
rates and drop out from the LBBS, 2. The profile of the infants their mothers and families,
3.The LBBS data at eamme point individually ¢rosssectional), 4. The LBBS data from all
time points together lpngitudinal) and 5.the internal validity of the questionnaire.

2.2.2 Data Entry and Coding

Questionnaire responses were downloaded from JotForm (and previousjt\Mrosoft
Excel(Microsoft Excel, 2018/ ashington, United Stat@sAt this point data was in a nen
coded form with responses matching that of the questionnaire format. Data was coded using
the find and replace function to give each variable respasamerical number which could

be used in the statistical packages used for data analysis in the LBBS. The codeshesed in
LBBS are shown in appendix The tablan the appendixhows the variable code and the

response code used in the statisticalpacB S& ® . ANI K ¢SAIKGaAa GKI G

g SNB 13

2dzy 0SaQ 6SNB O2y@SNISR (2 3INIYa F2N GKS LIzN1I2 &S
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to IMD decile as described in section 2.2.6 of this thesis. Descriptions of underlying health
conditions were corerted to health conditions were possible by the author. Where this was

not possible the description given by the mother was given in the results section of this thesis.
2.2.3 Statistical Packages Used During Analysis

Social Sciences (SPSS) version 22QdPl Released 2013. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp.) and STATA version 14 (StataCorp. 2015. Stata Statistical
Software: Release 14. College Station, TX: StataCorp LP.) were used during the analysis of the
study. SPS®as used during analysis oécruitment and response rateshe infant and

mother profiles in the LBBS and the crasstional analysis of the LBBS. STATA was used for
the longitudinal analysis of the LBBS and the validation of the LRSQ.

2.2.4Recruitment

Recruitment and response rates were determined frd@mominatordata given by Professor

Ben Shaw from LWH for all the eligible births in the LWH during the recruitment period.
Numerator data were the number ofiothersconsideredo be interested in the stdywho

returned a post card to the study team, signed up to the study via the quick response code

or via the tablet used by the research tea@nlythose mothersvho completed the consent

form and responded to questionnai@e when their infant wadour months of age were

labelled as enrolled in the study. Descriptive statistics were used to describe the recruitment
and response rates in the LBBS.

2.2.5Response Rates and Attrition

Response rates to each questionnaire were described by descriptive istatiEhose who
intentionally removed themselves from the maililist or emailed the recruitment team to

be removed from the study were described as having left the stidlilChimp®gave
A0FrGAaGA0a 2y SYFAfA GKFG KHEdWesemmyicpdhQ Ay R
were subsequently described as email bounces. Babies that had diedmititersdeclaed

their interest to the studyr were enrolledwvere identified by batch tracing using records at

't RSNJ I S& / KAf RNXBY Qais.Paricipdnis that did ndtyfesdond ¥oahg i Kt &
questionnaire were declared lost to follow up.

The demographics and exposures of the drop out population and remaining population at
each questionnaire was described using summary statistics to evaluate #mgehn the

cohort characteristics as attrition occurred. This was used to account for the uneven drop

out from exposure groups throughout the study.
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2.2.6Profiles of Mothers in the LBBS
The profile of the mothers in the LBBS will be described by deisergmd summary statistics.

Where appropriate the profile of mothers in the LBBS will be compared to the mothers of all
the eligible births from the LWH during the recruitment period, and that of the population of
Liverpooland England using?analysis Aa A Ay A FA Ol yi NBadzZ & s+ a AYyRAOL(
profile of the mothers of the eligible births in LWH was obtained from Professor Ben Shaw at
the LWH. Data regarding maternal age group and educatamoktained from the Office of
National $atistic§153) Deprivation da was obtained from the UK Government Official
Satistics(154) The postcodes of all the gible births from the LWH and the postcodes of
the mothers enrolled in the LBBS were converted to IMD decile using The Department of
Communities and Local Governments Postcode ConvErEs) Participants in IMD decile
onehad the highest level of deprivatiorCigarette smoking and breastfeedimgtes in
Liverpooland Engind were obtained from the NHS Statisticaldase for a similar time
period of recruitment(12, 156)

2.2.7-Profile of Infants in the LBBS

The profile of the infants enrolled in the LBBS will be described by descriptive statistics.
Where appropriate the profile of the infants in the LBBS will be compardigiatoof all the
eligible births from the LWH during the recruitment period, and that of the population of
Liverpooland England using?analysisAa A Ay A FA Ol yi NBadzZ & 6Fa AYyRAOL(
profile of the eligible infants born in the LWH was obtained from Professor Ben Shaw at the
LWH. Data regarding sex and ethnigvigs obtained from the Official Labour Market National
Satistics (157) Data regarding multiple births in England was obtained fromQiffice of
National $atistics(153) Data regarding gestational age and birthigie was oltained from

the NHS Digital Monthly Maternity ServiceatiStics(158)

2.2.8Crosssectional Analysis

Crosssectionalanalysis in the LBBS study was split iinte sections and a&s carried out
using data from each of tHeur questionnaires individually; 1. Risk factor exposure analysis,
2. LRSQ total and domain score analysis, 3. Symptom prevalence anali#saltd care

attendance analysis and 5. Analysis of the impactorithieA f RQ&a | Yy Roli KSANJ Cl YA &C
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Demographics, Risk Factors and Exposures Used DurssgectionalAnalysis
The factors used to group the cohort during analysisstu@wvn infigure & Due todrop out
in the study, and the particularly low levels of aathite ethnicities the decision was made

to analyse ethnicity usingvo groups; white and other ethnicities.

Sex (Male/Female)

Birth number (Single/Multiple)

Infant Ethnicity (White/Other)

IMD decile (110)

Maternal age at birth (<20/ 204/ 2529/ 30-34/ 3539/40n n K XN p 0

Highest maternal qualification attained, (Degree or Higher/ Higher Edutaiil evel/ GCSE/ Other/ None
Preterm birth (Preterm/Term)

Low birth weight (Low Bin Weight/ Normal Birth Weight)

Breastfealing (Breastfed/ Not Breastfed)

Breastgeding time up to 4 months (Not Breastfed/ <BMW ( Kk n xm2 Y 1 K&k Xn Y2y i
FH of atopy (Yes/ No)

Other household children (Yes/ No)

Number of otker household children ¢4, 5+)

Sharing a Bedroom (Yes/ No)

Sharing a Bedroom with Who (Parentésiother Clid/ Other)

Figure6: Risk factors and exposures assessed in the LBBS

Exposure Analysis

5SE0ONALIGAGS adGliratardoad 2F GKS A ifdeyiantdss SE LR ¢
were presented. Exposures includersery attendance, other household children, sharing a

bedroom and ETS exposure. Households with smoking were compared to the prevalence of
smoking inLiverpoolin 2012 and 201%11, 157)using.2analysis; a significant result was
AYRAOFI SR 08& LIKn @ nmotbidhealth Scandiibids indihel LBBS céhdrt wak S O 2

given.

LRSQ Scores

Descripive statistics of the total and domain LRSQ scores were presented. The- Mann
Whitney U test andKruskalWallisH Test were used to compare questionnaire scores in
exposed groups and neB E L2 A SR INR dzZLJAT | &aA3IYyAFAOLIyG NBA

MannWhitney U test was used to compare scores of vargléh onlytwo groups whereas
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the KruskalWallisH test was used to compare variables when there was more thvan

groups.t 2a 0 K20 (SadAy3a dzAaAy3d 5dzyyQa ¢S&ii o & LISNF?2
pairs of groups Wwen the KruskalWallistest indicated significant variance between groups.

During comparison of exposed and rexposed groups within the cohort, the cohort was

weighted so that it represented the deprivation of the eligible birthshie LWH using factor

weighting. The weighting factors used are shown in the appendix.

Correction for Multiple Testing Analysis

Post hoc analysi@ ¥ WYl GSNY It | 3SQX WYl {iSNYyIf SRdz2OF{iA2y QX
i A Ye&Sedmultiple testing. Multipé testing increases the chance of finding a significant
result by chancé€159) Because of this, the significanealue cut off isusually adjusted to
account for this. One commonly used method is thenfBaoni adjustment. Bonferonni
adjustment states that a significant p value = p/n wéha is the number of tests thdtave

been performed159) In the analysis of this thesis is was decided not toemirthe analysis

for multiple testing. The reason for this is that for the purpose of this thesis the LBBS is
interested in trends in scores with changing variables (for example with increasing maternal
ageor increasing education or increasing breastfegdime). Bonferroni adjustment is often

over conservativg(159) and therefore these trends may be missédsed Likewisefinding
asignificant result when usingoBferrioni adjustment is proportionab the number of tests

done (159} in the LBBS thextremesof maternal age are lost and therefore less tests are
done. This changes the adjusted significant p vale which may mean chatiyesliiference

in score that is significanthis being said, any results produced in this thesis where multiple

testing has occurred must be approached with this in mind.

Symptom Prevalence and Health Care Attendance

Symptom prevalence and health care service afmce in exposed and neexposed groups

was compared by?l yI f @aA& |yR CAaKSNDa 9EIFOG ¢Said 6KSNB
was indicated where expected values were deemed to be less than 10. During comparison of

exposed and no exposed groups within the cohort, the cohort was weighted so that it

represeried the deprivation of the eligible births in the LWH using factor weighting. The

weighting factors used are shown in the appendix.

¢KS LYLIOG 2y (GUKS / KAfRQ&a YR GKSANICIYAf@&Qa
Domainssevenand eight in the LRSQ are quality of life domsifor the infant and their

families respectively. Analysis of these domains was identical to other domains in the LRSQ
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the QoL of both the infant anthese wereshown graphically at each time point.

2.2.9Longitudinal Analysis

Longitudinal analysis of the change in LRSQ score over time and domain scores over time was
analysed using multilevel mixexffects modelling and compared exposed groups to-non

exposed groupsThe final multLevel model used in the analysis of the LBBS therefore
consisted othreelevels; 1.IMD decile at birth, 2.highest maternal qualification obtained and
3.questionnaire number. Exposures and risk factors deemoesignificanty effect LRSQ

a02NBa 20SNJ GAYS AT LIKNOMOD

Justification and Development of the Methods of Longitudinal Analysis in the LBBS

The LBBS required a method of longitudinal analysis that allowed for the reduction of
confounding variables and could assess multiple variablelsinaously. This could be done

by either multivariate regression analysis or using rdaitel mixed effects models. The LBBS
needed a method of analysis that could allow for a large amount of missing data due to many
participants completing some questioaimes and not others. MuHevel mixed effects
models coped with missing data more effectively than the multivariate regression method of
analysis. For this reasons md#iel mixed effects models were chosen as the method for
longitudinal analysis in 80LBBS. The mulével model originally consisted of only two
levels; 1.IMD decile at birth and 2.questionnaire number which allowed for both the under
representation of the more deprived population of Liverpool and participants who had not

completed evey questionnaire.

To develop the longitudinal models, risk factors of respiratory disease were firstly added to

the model individually. Individual empures and risk factors deemed to change LRSQ scores
208N GAYS aAIYATFAOLIYyGEE AT LXKinomMed® hyOS N&aj
significant impact on LRSQ scores over time they were added into the model one at a time,
beginning with the expose or risk factor with the smallest p value. Risk factors and exposers
GAUGK | LI @I t dzS onc&multipleNBrigties ya8 Beendgddédvto the model

remained in the final model. If p values of variables became larger than 0.1 as more variables

were added to the model, they were removed from the model. If the addition of a variable

Ol dza SR Ydzf GALX S S NAIofSaQ LI Sl fdzS 0S02YS 3l
value was removed first.

During the longitudinal analysis of the LBBS data dabe= apparent that the category

Wl A3KSad YFAGSNYyFt ljdzZ ft ATAOFGA2YQ ¢l & OF dzaAy 3
It consistently removed many risk factors and exposures from the models when it was added
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to the model. For this reasonitwas deR SR 06& GKS NBaSkNOK dGSIy G2 IR
YIEGSNYFE ljdzk £ A FA O develPnyxed effeédts nodef. $H& fineal madgl useédK S Y dzf A
in the LBBS therefore consisted of three levels; 1.IMD decile at birth, 2.highest maternal

qualification obained and 3.questionnaire number. The longitudinal analysis was then

performed again using the methods previously described.

2.2.10Questionnaire Validation
The internal validity of the domains within the LRSQ was tested using Cronbach alpha test to

validae the LRSQ in a longitudinal study./An 8 O2 N8B 2F Bnoét 6+ a RSSYSR (2
AYGSNyrt O2yaidlydes h pnoy gl a RSSYSR (2 &aKz2g 13
SEOSttSyil AyGaSNyrt Oz2yailyoOed .St 2gstehcyl ndT 61 & R
1)
2.2.1tPresentation of the Analysis of the LBBS in this Thesis
There is a large amount of data analysis from the LBBS to be presentdad thetsis. The
presentation ofthe results will be split into sevesections:
1. Analysis of recruitment
Analysis of the attrition in the LBBS,
Analysis of theprofile of the mothersin the LBBS
Analysis of the profile of the infants in the LBBS
Resultsof the cross sectional analysis,
Results d the longitudinal analysis,
Results of the validation of the LRSQ.

N o g A~ DN

Recruitment
The recruitment and response rates in the LBBS will be described using descriptive statistics.
The reasons for participants not bejrecruited will also be discussed. This will also be shown

pictorially in a flow diagram.

Attrition

Attrition in the LBBS will be described. A flow diagram will be used to describe the reasons
for attrition. Following this analysis of the drop out pogtidn will be show. This will be
described and shown graphically to show the difference between the drop out population
and the remaining cohort. A table will be presented to show the difference in total LRSQ
scores in the drop out population and the remiaig population This wilshow the mpact of

the difference in thecharacterisics of the drop out population and the remaining cohort

symptom scores. Following this there will be a description of the ways in which this uneven
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attrition was accounteddr during the analysis. This will be justified using graphs to show the

reduction in the confounding effects of the uneven drop out after adjustment.

Profile of the Mothersin the LBBS
The characteristics of the mothens the LBBS cohort will be presedi@he characteristics
will be described and compared to LWH births, or the population of England or Liverpool

were appropriate. These comparisons will be presented graphically or in tables.

Profile of thelnfants in the LBBS
The characteristics of thefantsin the LBBS cohort will be presentddhe characteristics will
be described and compared to LWH births, or the population of England or Liverpool were

appropriate. These comparisons will be presented graphically or in tables.

Cross Sectional Analysis

For the presentation of the cross sectional analysis each questionnaire will be presented
individually in chronological order. For each questionnaire, firstly the summary statistics of
the LRSQ scores will be presented agidga histogram of the LRS@ases to show the
spread of scores in the cohort. Secondly the comparison of total LRSQ scores between infants
exposed and not exposed to risk factors will be presemedble that shows the comparison

of LRSQ scores between those exposed and unexpogek factors will be presented; this
table shows the median, the interquartile range, the mean and the mode score for each
exposure/risk factor groufResults that show aatistically sgnificantscore between those
exposed and not exposed to risk fact will be describedn detailand abox and whisker
diagram of theseesults will be shownThis will be followed by an analysis of each of the
domain scores in the LBBS. A table will be presented with the minimum and maximum score,
the median, mean anthe standard deviation of each of the domain. Thisle shows which
domains scored highest and lowest and allows the comparisatoofains. Differences in
domain scores between exposed and rexposed groups Wibe described; only significant
results wil be described. Following thig)e prevalence of specific respiratory symptoms in
the previous 3 months will be presented. This will be presented graphically per 100 infants.
A comparison of symptom prevalence in the previous 3 months in those exposeaband
exposed to risk factors and exposure will be made. Only exposures with significant difference
will be describedThe use of health care services by infants in the previous 3 months will be
presented. The difference in health care attendance n expaseddnorexposed groups will

be described. Only significant results will be described. Health care attendance to infants
born to mothers of different maternal ages and with different levels of education will be

presented graphicallyThe effectof respiratay symptoms of QoL of the infants and their
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families willthen be presented. A description of how the QoL of the infants and their families
was affected by respiratory disease will be shown graphically. This will be followed by a
description of differences the effect of respiratory symptoms on QoL in those exposed and
not exposed to risk factors and exposures. Finally a correlation between the QoL scores and

respiratory symptom scores will be made.

Longitudinal Analysis

The longitudinal analysis of thé8BS will be presented as final mdétvel mixed effects
models. The coefficient, standard deviations and p values of risk factors and exposures that
have a significant effect on the LRSQ scores over time will be presented. The total LRSQ score

model willbe presented first, followed by a model for each of the domains in the LBBS.

Questionnaire Validation
The Coronach alpha coefficients and a corresponding description of the domains internal

consistency of each of the domains in the LBBS will be presentethble.
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Chapter 3Results of the LBBS
This section presents the results of the LBBS. This presentation has 7 sections and will be
presented as discussed in section 2.2.10. At the beginning of each section there will be a

description of what theesuts that follow showand how this relates to the study aims.

3.1-Recruitment
This section outlines the recruitment rates in the LBBS. It shows the reasons for non

recruitment. The reasoning behind these results and their sagmite is discussed in chapte

four.

Recruitment led to 18.84% (n=2,346) of all the eligible births in the LWH (n=12,454) declaring
their interest in taking part in the study. Recruitment analysis is shoiigune 7. Of all the

births in the LWH between 23/62013 and 03/11/2014, 89% births occurred during breaks

in recruitment. Of the births during active recruitment 11.94% were ineligible due to their
postcode, 0.71% were ineligible due to speaking insufficient English, 0.52% were ineligible
due toinfants being taken directly ia care of social servicesd 0.46% were not suitable to
recruit as the infanhad a futile prognosisThis led to 12,454 eligible births in the LWH during
active recruitment. It was documented that 0.55% (n=68) of trextevely declinedo be a

part of the study. 80.61% (n=10,040) of the eligible births could notdielled either
declined or interested in the study so therefore these birthsagsumedo havenot shown

interest in the study

All interestedfamilies(n=2,346 were sent a consent forrma questionnaireonewhen their
child wasfour months of age by post or emaikcording to their expressed preference
18.84% (n=694) of the interestguhrents (684 Mothers and 10 Fathersjjuating to 5.57%
of all the eligible births, consented to the siyiand completed the initial questionnairBee
table 4 For the purpose of this thesis the parentglod infants will be referredd as mothers

due to the negligible proportion of fathers.

Of the 2,364 infants whosmothershad declared their intereshithe study 1.5% (n=36) did
not consent to the study, 2.1% (n=49) gave a wrpostaladdress and could ndie traced,
8.7% (n=204) gavermn-validemail and could not be traced and 0.2% (n=5) infants died in
the firstfour months of life. 58.7% (n=1,358fthe infants whosenothershad declared their

interest in the LBBShortly after deliverywere not enrolledfour months later
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Births LWH 23/01/201-83/11/2014
n=15492
Births during Documented Recruitment Break
n=1,083

Births LWH during Recruitment
n=14409
[ Postcode Ineligible
n=1720

Postcode Eligib Births

R Ineligible

B Language n=102
NICU n=58
Other n=75

Eligible Births
n=12454

Declined=68
Missed=0,040

Declared Interest in LBBS
n=2,346

Figure 7: Flow diagram of the recruitment in the LBBS
Table4: Recruitmentratesin the LBBS

Consented and

Recruitment Stage Eligible Births  Interested
Completed Q1
Response
12,454 2,346 694
% of Eligible LWH Births
100% 18.84% 5.57%
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3.2-Drop Out

Attrition in the LBBS idescribedin this section. Thecause ofattrition in the study is
described. The profile of the drop out population is compa@the remaining cohort. The
difference in these profiles forms theasis for the choice of analysis methods in L&BS.
The justification of the analysis methodsalso described in this chapter; these methods of
analysis have allowed the LBBS to susftdtly complete the following aims of the current

thesis;

9 To describe respiratory symptoms of preschool children using the Lia®ifth
until 22 months of age

1 To determine the differences in LRSQ scores in the different populations at each
questionnaie time point, using univariate and multivariate analysis.

1 To determine the change in the LRSQ scores over time and the variability in this

change between different population groups in the LBBS.

3.2.:Summary
Of the 694 mothers thatvere enrolled andcompeted questionnaire 1, 54.0% (n=375)

completed questionnaire 2, 39.6% (n=275) completed questionntiree and 37.0%
(n=257) completed questionnaire 4. The analysis opdub in the LBBS is showntable 5

andfigure 8.

Table5: Attrition in the LBBS

Questionnaire Q1-4 Months Q2-10 Months Q316 Months Q4-22 Months

Response 694 375 275 257
% of Q1 Cohort 100% 54.0% 39.6% 37.0%

% Dropout from
Previous 46.0% 26.7% 6.55%

Questionnaire
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5SOfFNBR LydS
\4 r'ZHO nec Did Not Consent=36
Died=7
Mail Bounce#9

Email Bounce n=204
Lost to Follow Unt358

/| 2 YLX SGSR

Left Study=4

Deceased=2
Email Bounce n=32
Lost To Follow U281

Left Study=6
Deceased&
Email Bounce n=21
Lost To Follow Ue3

Left Study=4
Deceased&
Email Bounce=4
Lost To Follow UdH

Figure8: Flow diagram of attrition in the LBBS

3.2.2Recognitio of Drop Out and Bias
During the early analysis of the cohort, it was noted that that drop out occurred more often

in participants from more deprived postcodestiie two most deprived decile$MD deciles
one and two), drop out after four questionnaireswas 73.3% and 65.0% respectively
compared to 53.3% drop out and 60%gdmoutin the two least deprived decileBAD deciles
nineand 1Q. This is shown in figure ®nitial analysis showed that maternal education groups
had unequal drop outMotherswhowere more highly educated dropped ouskefrequently
than those who hadh lowerleveleducation.This is shown in figure 1Maternal age also
had an uneven distribution of drop out as the study went on; older mothers were more likely
to remain in the sidy. The mean age of the mothers in the cohort was 32 yeafguat
months, 32 years anihree months at 10 months, 32 years and 10 months at 16 months and
33 years andive months at 22 monthsFigure 11shows that younger mothers are more
likely to dropout of the study than older mothersThis uneven drop out from the study
produced a confounding effect within the study; infants whed been exposed to smoking

pre and postnatally and had not been brefast were more likely to drop out of the study
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see fgure 12 and 13Table 10 showthe total LRSQ score for the cohort and the drop out
population for the previous questionnairdhe drop out population scored higher in the
previousLRSQhan the population that remain in the cohort. This clearly showsd tha
uneven drop out in the study population has created a confounding effect in the study and

thisdrop outneededto be adjustedfor in the analysis of the study.
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Figure9: Accumulative percentage drop out in the LBBS in each IMDldetieach questionnaire
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Figure 12: Percentage of the cohort exposed
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Figure 13:Percentage of the cohort that wel
breastfed at each questionnairen the LBBS

Table 6: Previous questionnaire total LRSQ score caripg the drop out population to the
remaining LBBS cohort

60

Cohort | Cohort| Drop | Cohort| Drop | Cohort| Drop

Q1 Q2 Out Q3 Out Q4 Out

T Scor Mean 9.9 9.4 10.5 9.1 10.5 9.7 10.1
Median 5 5 6 5 6 5 5

Mean 134 | - 13.6 | 13.3 128 | 14.2

Median 9 - 9 8.5 8 9

Mean 153 | - 14.7 17.1

Median 10 |- 9 13




3.2.3Choice of Analysis to Mitigate drop OutBias
After discussions witBr Steve Lane at the University loierpoo] it was decided that cross

sectional analysigvould be weighted using faot weighting to ensure the cohort at each
time point was representative of the eligible births in the LWH. It was decided that the data
should be weighted so that the IMD decile of the cohort was representative of that of all the
eligible births in the LWHWeighting factors for IMD decikt eachquestionnaireis shown in

the gppendix. A multilevel, mixed effects linear model would be used for the longitudinal
analysis of the data. Bhmodel would have three levels: IMD decile 2. Highestmaternal
qualffication and3. Questionnairmumber. "his would account for the unequal dropitofrom

each of the IMD Deciles artde maternal qualification groupst also allowed for inclusion

of data where one of a series of questionnaires for an individual in thert@las missing

3.2.4Justification of Weightingda ¢The Effect on Variables in thelort
Breastfeeding in the LBBS

Over time the proportion of breastfed 82

80 / o
78

76 /

74 //

72

70 /

infants in the LBBS cohort increased di

to the higher drop out ofmothers who

did not breasfeed. Weighting of the

data reduced this change in the

breastfeeding population somewhat

Percentage of Cohrt Exposed

See figure 14 Although weighting 68
reduced the drop out of the non 66
breastfed infants the proportion of ::
breastfed infants was still significantl 1 2 3 4

higher in the LBBS wheompared to all Questionnaire Number

the eligible births at LWH &ur months =+=LBBS Cohort Weighted
(-2=73.3 p<0.05), 10 months.%65.7 Figure 14: Percentage of the cohort breastfed in

LBBS before and after weighting by IMD decile
p<0.05), 16 months {=82.8 p<0.05) and

22 months (>=66.8 p<0.05).

Smoking in the LBBS

Over time the proportion of the cohort that had been exposed to smoking in pregnancy and
since birth reduced. Although weighting thie analysis reduced this decline somewhhag
proportion exposed to tobacco smoke during pregnancy and since birth was still lower than

the eligible births at the LWH arnlde populationof Liverpool Sedigures 1518 below.
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The proportion othe cohort exposed to smoking, both during pregnancy and after birth are
shownin table 11 Although weighting reduced the drop out of the infants exposed to
tobacco smoke, the proportion of the cohort exposed to maternal smoking during pregnancy
was stillsignificantly smaller than the proportion of all the eligible births from the LWH at
four months (2=21.5 p<0.05), 10 months?16.8p<0.05, 16 months (>=16.0 p<0.05) and
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22 months (>=13.8 p<0.05). Those infants expose&ifter birth was signifiantly smaller
in the LBBS cohort than to population biverpoolthat smoked atfour months (?=4.6
p<0.05) 16 months.{=12.3 p<0.05), and 22 months’%$11.7 p<0.05) when compared to
2012 data and was lower in the LBBS cohort at 16 month=9(5 p<0.0%and 22 months
(-2=9.1 p<0.05when compared to 2015 data.

Table7: The effect of weighting of the cohort by IMD decile on smoking exposures in the LBBS

Q1 % Q2 % Q3 % Q4 %
No 606.0 | 90.5 | 345.0| 920 | 257.0| 93.5| 241.0| 93.8
LBBS Cohor|
Maternal Yes 64.0 96 | 300 | 80 | 180 | 6.6 | 16.0 | 6.2
Smoke ) No 600.0 | 89.2 | 332.0| 90.5| 249.0| 91.5| 229.0| 91.2
Weighted
Yes 73.0 | 108 | 350 | 95 | 230 | 85 | 22.0 | 8.8
No 537.0 | 80.2 | 307.0| 81.9| 238.0| 86.6 | 216.0| 84.1
LBBS Cohor|
Yes | 133.0| 199 | 68.0 | 18.1| 37.0 | 13.5| 41.0 | 16.0
Other Smoke
) No 529.0 | 78.5 | 292.0| 79.8 | 229.0 | 84.5| 204.0| 81.3
Weighted
Yes 145.0 | 21.5| 740 | 20.2| 42.0 | 15.5| 47.0 | 18.7
No 513.0 | 76.6 | 292.0| 77.9| 227.0| 82.5| 210.0| 81.7
LBBS Cohor
Any Smoking Yes | 157.0 | 23.4 | 83.0 | 22.1| 48.0 | 17.5| 47.0 | 18.3
In Pregnancy _ No | 501.0 | 74.4 | 275.0| 75.1 | 214.0| 79.0 | 195.0 | 77.7
Weighted
Yes 172.0 | 25.6 | 91.0 | 249 | 57.0 | 21.0| 56.0 | 22.3
No 545.0 | 81.3 | 309.0| 82.4| 237.0| 86.2 | 218.0| 84.8
LBBS Cohor
Yes | 125.0 | 18.7 | 66.0 | 17.6 | 38.0 | 13.8| 39.0 | 15.2
Home Smoke
) No 534.0 | 79.3 | 228.0| 77.8| 222.0| 85.1 | 206.0 | 85.1
Weighted
Yes | 139.0 | 20.7 | 65.0 | 22.2| 39.0 | 14.9| 36.0 | 14.9

63



3.3-Profiles of MotherandFamilies in th&iverpooBaby Breathing &dy
This section describes the profiles of the mothansl families enrolled in the LBBS. It also

compares the profile in the LBBS to the population of Liverpool and the mothers and families
of the eligible births in the LWH. This description and comparison has allowed the following

aim of this thesis to be paally achieved,;

1 To create a profile of the infants and mothers enrolled in the LBBS and make a

comparison with the population of Liverpool and those born in the LWH.

3.3.1:-Deprivation
Deprivation decile was calculated by using an online postcode cen\{@55) Participants

in IMD decileone had the highest level afnultiple deprivations The distribution of IMD
decile by postcode in the LBBs shown belown comparisons to all the eligible births in the
LWH and the population dfiverpool The LBBS had a lower proportion of the cohort in IMD
decile one (36.4%) compared to all the eligible births in the LWH (51.7%) and the population
of Liverpool (45.0%) and had more in IMD decile 10 (1.6%) than the LWH eligible births
(0.53%) and théiverpoolpopulation (0.34%)See figure 19

PErcentage of Cohort/Population
= N w B a1 D
o o o o o o

o

‘| II II II . . L ‘ [ -
1 2 3 4 5 6 7 8

9 10
IMD Decile
m LBBSH Births at LWHm Liverpool %

Figure 19: Percentage of the LBBS cohort in each IMD decile in comparison to LWH births
Liverpool population

3.3.2Maternal Age
The question regarding maternal age was added to the study after the pilot study, therefore

only 567 mothers gave their age. The mean age of the mothers in the study was 31 years and
9 months. The youngest mother was 16 and he oldest 47 years of age giving a range of 31
years. Comparisons for the maternal ages in the LBBS were made to that ef elgthle

births in the LWHand the births inLiverpooland England in the year of 2015. This showed
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than the mothers in the LBBS are more likely to be older than those born in Vool

and EnglandSee figure 20

mLBBS mLWH m Liverpool m England

40
35

30
25
20
15
10
P = I

20-24 25-29 30-34 35-39 40-44 45+
Maternal Age Group

Percentage of Cohort
(&3]

FHgure 20 Percentage of mothers in the LBBS cohort in age group in amspn to LWH, Liverpool and Engle
births

3.3.3Maternal Education

The ohort in the LBBS had 50.41¢ o m LBBS m Merseyside m England

mothers with a degree or a pos -

graduate degree, 20.0% of thephort 20

only attended higher education, 7.49%

30
had Al S@Sfta FyR wmp® -
1.73% of the population had nc 1 l l
qualifications. The remaining 5.48% he 0 I 'I JI

W2 { K S Kdation§. daAfhénAcompared S R ¥

O\,

Percentage of Cohort

o

to the population of Merseyside anc o
¥ Maternal Education Group
England, the LBBS cohort was mo..
Figue 21 Percentage of the cohort by highest qualificati
highly educated. The LBBS had higheattained in the LBBS in comparison to the population
. . Merseyside and England
proportion of the people with a degree

17.79
or postgraduate degree or whc & 18 17.04
attended higher education andewer
people with AlevSt &> D/ {9

. . 16 I I
14 11.73
H & 12
9.22
3.3.4Smoking I

gualificationsor no qualifications.See

figure 21

Smoke exposure during pregnancy wi LBBS  LWH  Liverpool England
Cohort/Population

Percentage of Cohort
[
o

oON B~ O ©

explored throughtwo questions. One Fgure 22 Percentage of mothers that smoked duri

assessing maternal smoking at any tinPregnancy in the BBS in comparison to LWH, Liverpool :
England births
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during pregnancy, and one assessil 100

maternal exposure ttobacco smokegassive 90 88.89
smoking in the household during pregnancy § 80
Of the 694 respondents 9.22% (n=64) 5?_, ;g
mothers smoked during pregnancy. This w §, 50
compared to data from all eligible births fron % 40
the LWH and the population dfiverpooland § 22 2222
England..? analysis has shown these b 19 I 815 815
significantly higher than the LBBS cohc 0 O
Inside Outside  Car Other
(->=33.8 p<0.05 DoF=1,2 =28.9 p<0.05 Location of Smoking

DoF=1,.?2 =4.2 p<0.05 DoF=1 respectivelyrgyre 23 The location of smoking of househc
See figure2. smokers during pregnancy in the LBBS

(o]
o

19.45% (n=13) of the cohort was exposed 20.46 74.01

~
o

other smoking in the household in pregr@an

D
o

The location of smoking by these othe

53.27
48.5
household smokers is shown figure 23
Overall 22.91% (n=159) of the cohort wz
exposed to tobacco smoke of any kind
pregnancy.
3.3.5Breastfeeding
LWH

Percentage og Cohort/Population
= N w B a
o o o o o

o

In the LBB30.5% (n=489) of the cohort wert _
LBBS Liverpool England

breastfed. This was compared to the Cohort/Population
proportion of the eligible births from the

Hgure 24 Percentage of breastfed infants in the LE
LWH that were breastfedndall the births in in comparison to the rates of breastfeeding in LW

Liverpml and England
Liverpooland England. The study cohort ha~
a significantly higher proportion of breastfe:
infants than LWH births and all the births i
Livepool (.2=127.7 p<0.05 DoF=12=78.2 S0%
p<0.05 DoF=1,). The proportion of breastfe
infants in the LBBS was significantly low
than that of England.{=4.5 p<0.05 DoF=1)

See figure 24At four months 241 of the = <1 Months = 1-3 Months = >4 Months

. : o
mothers were still breastfeeding, 98 ha‘Figure 25: Duration of breastfeeding

breastfed for greater than one month but breastfed infants in the LBBS
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were no longer breastfeeding &ur months and 148 breastfed for less thasne month.

This is shown in figur2s.

3.3.6Family History of Atopy
59.8% (n=415) of the cohort had a family

Eczema
27%

Asthma
17%

history of atopy in at leasbne first degree
sibling. 61.7% (n=256) of the cohort infants had
a mother with atopy, 52.0% (n=216) had a
father with atopy and 26.0% (n=108) had a
brother or sister with atopy. Of thdamily
members with atopy. 56.4% (n=234) had
asthma, 77.8% (n=323) hadzema, and 64.1%

(n=266) had hay feveiThe overlap of atopiCrigure 26: Combinations of atopic disease

disease in the LBBShort is shown in figure 26 ISt degree relatives in the LBBS

3.4-Profile of Infants in theiverpoolBaby Breathing Study
This section describes the profiles of the infants enrolled in the LBBS. tosigzares the

profile in the LBBS to the population of Liverpool and the eligible births in the LWH. This

description and comparison has allowed the following aim of this thesis to be completed,;

I To create a profile of the infants and mothers enrolled lve .BBS and make a

comparison with the population of Liverpool and those born in the LWH.

3.4.1:Sex

Of the 694 infants in the cohort, 49.79
m Male m Female

(n=345) were male, and 50.3% (n=34 S 100%
T 90%
80%
70%
60%
50%

40%
30%
20% 49. 49. 49.
10%
0%

LBBS Liverpool North Great
and sevensets of twins. Theravere no West  Britan

Cohort/Population

were female. This was not significantl
different to all the births irLiverpal, the
North West or Great Britain for a year i
the recruitment period (p>0.05).See
figure 27

3.4.2Multiple Births
The LBBS cohort contained 680 singleta

Percentage of Cohort/Populat

triplets in the study. This was not
Figure 27: Proportion of rales and females in tr
LBBS in comparison to the population of Liverpc
the North West and Great Britain
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significantly diférent (p>0.05)to all the eligible births in the LWH and all the births in

England.

3.4.3Ethnicity

99.7% of the cohort gave information on their ethnicity. 90.6 of the cohort were white, 6.1%

were mixed ethnicity, 0.7% were Asian, 1.4% were black & 0.5 SNB W2 i KSND SGKyAO
The cohort had a higher proportion of white and mixed ethnicity infants and lower

proportions of Asian, black and other ethnicities when compared to the births at LWH and

the population ofLiverpool See table 2.

Table8: Ethnicity in the LBBS in comparison to LWH duinkrpoolBirths

Ethnicity LBBS LWH Liverpool
White 90.63% 87.69% 88.91%
Mixed 6.05% 0.94% 2.52%
Asian 0.72% 5.29% 4.16%
Black 1.44% 3.59% 2.46%
Other 0.86% 2.49% 1.77%

3.4.4Gestaton
Gestational age of the infants enrolled in th = LBBSE LWH

LBBS and all the eligiblathis in the LWH are

~
o

(o2}
o

shown in figure 28Preterm birth was defined

a1
o

as birth before 37 full weeks of pregnanc
indicated by the blue dotted lin€l60) 12.7%

N
o

w
o

of the infants enrolled in the LBBS study we

N
o

born preterm. Ths is significantly higher thar
the eligible births in the LW¥KB.8% .2=6.00 - II

p<0.05 DoF=13nd births in Englan(¥.8% .2 Bt SR
=22.6 p<0.05 DoF=1).

[y
o

Percentage of Cohort/Population

o

LY

Gestational Age Group

Figure 28: Gestational age of the LBBS cohc
comparison the LWH births
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3.4.5Birth Weight

u L BBSm LWH m North West m England

c

The distribution of birth weights of babies i '% 40 .

the LBBS, as well as the births in the LWH, §§§ i
o

North West and England are shovmfigure £ 25 i
<

29. Low birth weigh was defined as birth 8?2 |

under 2500 gramél61)and is indicated by the §10

. . . ® 5

blue dotted line.8.93% (n=62) of the births ir § 0 =k I I R
@
o

the LBBS were low birth weight. This wag n

S”QQ I I NG g
. . O P P S & 7
significantly different to that of theeligible M P MRS RO S L S
births in the LWH (8.7% p>0.05), however w Birth Weight Group

significantly higher than the births in Englanrigure 29: Birth weight of the LBBS cohort
(6.5% .2=6.9 p<0.05 DOF=1). gic;?rw]zanson the LWH, NortiNVest and Englan

3.5 Crosssectional Analysis
The cross sectional analysis of the LBBS datditisndp 4 sections; one for each of the four

time points that the infants were assessed for the current thesis. The presentation of each of
the individual time points is described in section 2.2.10. giesentation of each other the
time pointsindividudly in chronologicabrder in the layout described earlier has allowed the

following aims of this thesis to be achieved;

1 To describe respiratory symptoms of preschool children using the Lia®pifrth
until 22 months of age
1 To determine the differenced LRSQ scores in the different populatiotnseach

guestionnaire time point.
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3.5.:Questionnaire 44 Months
Cohort Profile, Exposures and Risk Factors at 4 Months

Nursery Attendance, Other Household Children and Sharing a Bedroom

4.19% (n=28) of theobort attended nursery 4 1

in the first four months. 68.91% (n=416) o 55

the cohort shared a bedroom. 97.41¢

(n=452) of these shared a bedroom with the

parents, 4.4% (n=20) of which shared wi 171

their parents and another child. 1.94% (n=

shared with another kild but not their 497
parents and 0.65% (n=3) shared the
bedroom with another family member.
36.17% (n=242) of the cohort lived in

071 M2 m3 B4 m5+

household with at least one other child. The
Figure 30: The number of other househt

number of other children in these children in the LBBS households at 4 month:

households is shown in figure 30 age.

Householdmoking
18.66% (n=125) of the cohort was exposed
ETS see figure 31 Thirteen infantswere

exposed to tobaccemole inside the house,

120stated theysmoked outsidefour smoked
in the car andeight smoked elsewhere. The
reported household smoking sasignificantly

lower than the smoking rate fdriverpoolin

both 2012 (?=9.83 p<0.05 DF=1) and 201 mYes WNo
) Figure 31: Percentage of households w
(+©=6.27 p=0.036 DF=1). smokers at 4 months in the LBBS

Underlying Medicalonditions

At four months of age8.50% (n=5p of the cohort hadat least oneunderlying medical
condition The underlying medical conditions in tkehortat four monthsare shown in table
13.
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Table9: Underlying medical conditions in the LBBS cohort at 4 months

Type of Underlying Condition Underlying Condition Frequency

(o))

Cmgenital Heart Disease
Cardiac (Y
Heart Murmur
Reflux
Milk Intolerance
Gastrointestinal (1%

Blood in the Stools
Gastroenteritis

Y. f SSR 2y GKS

Neurological (3) Hydrocephalous

N T T 2 e - RN

Sagittal €aniosynostosis

[EEy
~

Eczema
Allergies
Hip Dysplasia
Cleft Pallet

Other (27

Hypospadias
Trisomy 21
Cystic Fibrosis
Floppy Larynx
Bronchitis
Respiratory (9 Chronic Lung Disease of Prematurity
Lung Collapse
Oxygen Therapy (Reason not definec
Recurrent Brachiolitis

_ Vesicoeureteric Reflux
Urinary (2

PR R R R R R NN R R RPN O

Duplex Kidney
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Total LRSQ Score

The total LRSQ score was 2004

calculated for each participant
out a maximum of 132. The 0

lowest total score was 0 and the 100

Frequency

highest score was 109. The mee

score was 10.44he median was 07

6 and the mode was .1The
distribution of the TotalLRSQ

T T T T T T
0 23 a0 75 100 123

Total LRSQ Score

swres d four monthsis shown in .
Figure 32: Histogram of Total LRSQ scores at 4 months

figure 32

Total LRSQ Sores in those Exposed and Unexposed to Risk Factors and Exposures
Summary Statistics comparing demographics, exposurdgiakfactors are shown imable

10. Males had a significantly higheotal respiratory symptom questionnaire scotiean
females £=3.214 p=0.001); see figure 3dfants bornto mothers aged 229 years had
significantly higher scores than children born to thrs in age groups oldethan this
(p<0.05). mfants born to mothers less than 20 years of age had a higher score than those
bornto mothers aged over 8 years (p=0.046); see figure.3hose with a family history of
atopy had a significantly higher totstore than those without (z2.322 p=0.02)see figure

35. Those who shared a bedroom had a lower score than those who did not share a bedroom

(z=2.361 p=0.018)see figure 36
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Table10: Comparison of LRSQ scores between differexposure/risk factor groupsn the LBBS at 4 months

25% Median 75% Mean Mode
. Male 8 7 15 11.88 2
LyFlyoaQa ({
Female 1 5 12 9.03 1
. . Single Birth 2 6 14 10.45 1
Multiple Birth - -
Multiple Birth 1.71 5.42 13.21 9.96 0
. White 2 6 14 10.7 0
Ethnicity
Other 2 5 10.63 7.757 5
<20 2 9.41 10 6.83 10
20-24 3 6.76 13.38 6.76 0
2529 8 6 16.49 13.37 5
Maternal Age* 30-34 1 4.64 10 7.42 1
35-39 1 4 12 7.8 1
40-44 1.82 4 13.38 7.39 1
>=45 1.03 1.89 - 1.66 2
1 2 7 15 11.7 0
2 2 5 12.56 8.85 0
3 2 5 14 9.71 0
4 2 6 12 9.33 0
5 2 5.09 12 11.13 1
IMD
6 1.92 5.5 14.08 8.2 6
7 1.09 5 10.31 7.57 1
8 1 4 10.85 6.76 0
9 2 3.14 12.07 7.62 2
10 521 12.86 19.82 10.7 7
Degree or Higher 2 5 11 8.16 2
Higher Educatio 2 8 14.16 11.43 1
- A Level 2 7 28.1 16.43 0
Maternal Qualification
GCSE 2 6 16 11.23 1
Other 2 7.62 15 12.92 0
None 5 10.11 20 17.82 5
i No 2 5.68 14 10.4 1
Premature Birth
Yes 2 6.32 14 10.78 0
. . No 2 6 14 10.58 1
Low Birth Weight
Yes 1 5.38 12.74 8.97 0
. No 2 5 14 10.42 1
Maternal Snoking In Pregnanc
Yes 3 7 13 10.6 4
Other Household Smoking In No 2 5 14 10.22 1
Pregnancy Yes 3 7 14 11.24 0
Any Smoke Exposure in No 2 5 14 10.13 1
Pregnancy Yes 3 7 14.06 11.36 3
X No 2 6 14 10.19 1
Home Smoking
Yes 2 6 14.62 11.39 0
_ No 2 7.95 15 12.62 0
Breastfeeding
Yes 2 5 13 9.41 1
Never 2 7.95 15 12.62 0
<1 Month 2 6.26 14.42 10.99 1
BreastfeedingTime
1-4 Months 2 5 13.95 8.8 2
>4 Months 2 5 12 8.51 1
Family Historv of Atopy® No 2 5 12.02 8.7 0
amily History of Ato
4 & &4 Yes 2 5 15 11.64 2
No 2 6 14 10.43 1
Nursery Attendance
Yes 29 5 12.15 11.25 5
. No 2 5 13 9.86 5
Other Household Children
Yes 2 6 15.91 11.49 1
No 3 7 15 12 5
Shares a Bedroom*
Yes 2 5 14 9.79 1

*indicates significant resu(jp<0.05)
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LRSQ Domain Sores in the First 4 Months

The summary statics of the domain scores in the forat months of life are shown itable

14. Symptoms with colds andighttime symptoms were the highest scoring domains.
W{eaYLIi2Ya 2y Ay ONBwestSdring dmdindDomas@venandaighti K S
are QoL domains and are discussed elsewhere.

Table1ll: Summary statistics of domain scores at 4 months

Min Median Max

Day 'Igr?]rgaslr;riptoms 0 1 15
Nimt—fi)r(r)]r;g;n?ptoms 0 2 19
SympEJ%n;a\;\?itﬁ Colds 0 1 21
Symptoawosmva;%gut Colds o 0 16
Symptomsl?)%n?r?;:?eised Activity 0 0 16
Chilcngrl?;ll;?y?of Life v 0 12
ParentDsog]L?;rl]its of Life e 0 16

Sex

alfSa a02NBR KA 3IKS NI-HAGYM VLR I LRty pl0eNIi % Z 4@ Q6 b I
HPpHO LI ndnnod FyR W2 GXSpED.00B) dhadiedisii 2 NBE & & Y LJIG 2
Maternal Age

KruskalWallistesting revealed variance between different maternal age categories in the
R2YlFAya WRIF& JAMwSodu YILIG/2 dightdonesd & \CLUIT@3 314, 7

LI ndnuu 52Clco0X | YR (41297 pdid.230 BoF#6) Bokthatziestidy? f R a C
revealed those infants born to mothers aged-2% years of age scored higher féaytime
symptomghan those born to mothers aged 384 (p=0.002) and 339 years old (p=0.016).

Those born to mother 229 year of age scored higher f&tighttime symptom€and
YaevLiizya oAlGK2dzi O2f RaQ (R4 (y=0.008 &nd $-0.@NY 2
35-39 (p=0.009 ad p=0.006) and those aged-44 (p=0.042 and p=0.030) years of age.

Gestation
t NBGSNY o6l 06ASa a0O2NBR KAIKSNI (GKFy Q2FBXY o 0A
p=0.032).

75



Breastfeeding

| KAt RNBY ¢6K2 gSNBE ONBlIaGTSR aAlOQNERA § 2@ SINK 1T NO RVA &
who were not breastfed (zs ®m cpy LNightimesy@Ov@Ji® YaQ a02NBa I NASR R
on the length of time that the child was breastfed fof £8.735 p=0.033 DF=3ost hoc

analysis showed those who were still being breastdetbur Y2 y (i K& K highttime2 6 SNJ W

a2 YL 2YQ 2&hos NED verdinkvenbreastfed (p=0.01#)ose who were breastfed

for only up to one month (p=0.03)and those who were breastfed fame to four months

(p=0.025).

Family History of Atopy

Infantswith a family history of atopy scored higher than those without a family history of

FG2L F2N WwaeYLliAvanaAllRadrilo O ER®YREYLIE2Ya 2y AyO
HOMmpo LIndnood yR W2 iXISNFOBSA LIANI G2NE adYLIi2YaQ
Other Houshold Children

LYTryida 6K2 fAOSR AY K2dzaSK2tRa #A0GK 20KSNJ OKAtF
than children who lived in households with no other childrenZ379 p=0.038).

Sharing a Bedroom
LYFlyida 6K2 &AKFINBR || VERAX2 Y s kA ORNBRIBF ASHI F2 N W

than those children who slept in their own bedroom.
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Respiratory Symptom Prevalence in First 4 months of Life

89.8%% (n=602) of the cohort had respiratory symptoms in the fimir months of life.
Snoring was the ost reported symptomaffecting62.09% (n=416) of the cohort. 61.94%
(n=415) of the cohort had at least one cold in the fiostr months of life. The lowest reported
respiratory symptom waSoB reported byonly 12.54% (n=84) of the cohort. The prevalence

of the symptoms in the previousree months of life per 100 infants are shownfigure 37

Colds GG 62
Wheeze I 26
Cough (without a cold) I 50

Rattly Chest 29
S
,g_ Sorthness of Breath 12
; Snoring 62
[9p]

Rapid Breathing I 2?
Noisy Breathing From Back of Thro 2 23
Noisy Breathing Not From Che i 23
No Respiratory Symptomsil 10
0 20 40 60 80 100
Number of infants (per 100)

Figure37: Respiratory symptom prevalencger 100infantsin the first 4 months of life

Prevalence of Symptoms Compared to Risk Factors and Exposures

Sex

Maleshad a higher prevalence 8bB(.2=10.91 p<0.05 DF=sXnoring (°=9.98 p<0.05 DF=1)
Wy2Aa8 . NBI (KA y236.75 pR.05 DE=K)Y R YRR GH@ & NBF G KAy 3
OK S 241044 ®<0.05 DF=than females.

Ethnicity
White infants had a lgher prevalence of rattily chest?6.22 p<0.05 DF=19noring (>=6.63
p<0.05 DF=13nd raid breathing.¢=5.68 p<0.05 DF=fhan other ethnicities.

Maternal Age

.2testing showed variation in the prevalence of wheeZe15.28 p<0.05 DF=6), rattiiest
(-2=19.18 p<0.05 DF=@pB(.?2=17.16 p<0.05 DF=6&hd apid kreathing (2=15.11 p<0.05
DF=6)in infants born to mothers of different ages. Post hoc analysis revealed that the

prevalence of wheeze was higher in infants born to mothers agezb2han those born to
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mothers aged 34 (2 =9.76 p<0.05 DF=1) and 2 (2 =10.58 p<0.05 DF=1). The
prevalence of rattily chest was higher in infants born to mothers age2B2han infants born
to mothers aged 3@4 (2=14.70p<0.05 DF=1), 339 (.2=7.40p<0.05 DF=1) and #b (.?
=6.14p<0.05 DF=1). The prevalencesaBwas higher in those infants born to mothers aged
25-29 than in mothers aged 384 (.2=14.14p<0.05 DF=1) and 3D (.2=5.02p<0.05 DF=1).
The prevalence of rapid breathing was higheirifants born to mothers aged less than 20
compared to those born to mothers aged-2@ (2=7.12C A & KESabkIlesp=0.022 DF=1),
3034 (2=8.16C A & KE£abLIDexp=0.015 DF=1), 389 (:2=5.58C A & KESabtIDesp=0.037
DF=1) and 4@4 (:2=9.61F\ & K BxhdT@gp=0.001 DF=1). Rapid breathing was also higher
in infants born to mothers aged 220 compared to infants born to mothers aged-30 (.2
=4.52 p<0.0DF=1) and 4@4 (.2=3.9 p<0.0DF=1).

Maternal Qualification

KruskalWallistesting shaved there was variation in the prevalenceratftily chest(.2=13.39
p<0.05 DF=5) arfoB(.2=14.77 p<0.05 DF=H)infants born to mothers with different levels

of education. Post hoc analysis revealed that the prevalence of rattily chest was lower in
those infants born to mothers with a degree or post graduate degree than those born to
mothers who attended higher educatior?£6.54 p<0.05 DF=1had alevels (2=5.42 p<0.05
DF=12 NJ D/.7=8.88%<065 DF=1). Those infants born to mothers dtvels had a
higher prevalence ofSoBthan those who were born to mothers with a degree or
postgraduate degreé 2=9.38 p<0.05 DF=1), those who attended higher educ#tfori2.16

LF ndnp 5Crm0 2 NI=6.63»085DF21i K D/ { 9Q&

Gestation
Infantsborn preterm had a lower prevalence of celthan those who were born term.{

=4.46 p<0.05 DF=1) but had a higher prevalence of rapid bredtimg.26 p<0.05 DF=1).

Birth Weight
Infants born with a low birth weight had a higher incidence of stién those who were

born with a normal birth weight.¢=5.39 p<0.05 DF=1)

Breastfeeding
The prevalence of wheeze€€12.17 p<0.05 DF=ajdSoB(.2=4.51 p<0.05 DF=djere lower

in those who were breastfed than those who were not breastfed.
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Family Historpf Atopy
LyTryita gA0GK  FTlFLYAf& KA
0 K NRBEFEA0Qp<6.05DF=L)y R Wy 2Aa&ae& o

a02NE 2F Fi2L¥ KI
NB I (i K.A=§.3B psODEIDFFINE Y

than those with no family history of atopy.

Nursery Attendare
Those who attended nursery reported a higher prevalence of snorfisd (63 p<0.05 DF=1)

than those who did not attend nursery.

Other Household Children

Infants who lived in households with other household children reported a higher prevalence
of coldsthan those who did not live with other childrer?£4.24 p<0.05 DFs1)owever they
reported a lower prevalence of snoring than those who did not live with other childfen (
=5.50 p<0.05 DF=1)

Sharing a Bedroom
Infants who shared a bedroom had a lowaeyalence of cough {=4.99 p<0.05 DF=130B
(-2=6.67p<0.05 DF=2and colds (¢=19.66 p<0.05 DF=fh)an infants who slept alone.

Health Care Service Attendance due to Respiratory symptom

15.82% (n=106) of the cohort attended the GP in the fimst months of life with respiratory
symptoms. 6.27% (n=42) attended the hospital with respiratory symptoms. GP attendance
was higher in those infants who were exposed to tobacco smoke in pregriad=:33
p<0.05 DF=1), attended nursery £5.54 p<0.05 DF=1)ved with other children.¢ =18.79
p<0.05 DF=1) and shared a bedroom=4.63 p<0.05 DF=1) but was reduced in those who
were breastfed (¢ =10.60 p<0.05 DF=1). Hospital attendance was increased in males (
=6.69 p<0.05 DF=1), those born preterd*{.7 p<0.05 DF=1) and those who live with other
children (? =17.87 p<0.05 DF=1) but was reduced in those who were breastfe80(13
p<0.05 DF=1)nfants born to mothers withnicreasing maternal age reduced both GP and
hospital attendance whereasmfants torn to mothers with a lower level of education
attended morefrequently. This is shown in figure 38 and.3Bhere was nassociation

betweenIMD decile and health care service use.
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B GP Attendance Hospital Attendance
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o

Percentage of Cohort
(&3]

o

Figure 38: Percentage of the cohort that attended their GP or hospital with respiratory symptot
the first 4 months of life by maternal age group

m GP Attendance! Hospital Attendance

Degree or Highétigher Education A Level GCSE Other None
Maternal Education Group

Percentage of Cohort
= N w N a1
o o o o o

o

Figure 39: Percentagef the cohort that attended their GP or hospital with respiratory symptoms
the first 4 months of life by highest maternal qualification attained

The Impact of Respiratory Symptoms on QoL

The impact of respiratorgymptoms on the QoL of the infantand3f NJ Y2 6 KSNDR&A Aa &K?2

figures 40 and 4tespectively. The QoL of 22.8% (n=153) of the infants in the cohort was

effected by their respiratory symptoms. The QoL of 29.7% (n=199) of the mothers were

effected by their mfants respiratory symptomsChildren who shared a bedroom were

reported to have a better QoL than those who slept alone2Z27 p=0.015) whereas

children who lived in households with at least one other children had a worse QoL than those

who did not live with other children (z2.055 p=0.04)Mothers of males reported a worse

v2[ RdzS (2 GKSANI OKAfRQA NBALANI (2NB11a8YLIi2Y4
p=0.001). Mothers of infants withfamily historyof atopy reported a worse QoL compared

to mothers of infants without a family history of atopy ¢2:015 p=0.044) and mothers of

children who lived in households with other children reported that they had a worse QoL

than those who lived in a household with no other childrenZz56 p=0.031).
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Tired 9

Low Activity [l 6

woke [N 17

Reduced Feeding| | I 15

e I 7
QoL

0 10 20 30 40 50 60 70 80 90 100
Number of Infants Effected (per 100 infants)

CA3IdzZNB nnY ¢KS AYLIOG 2F NBALIANI G2NB RAAS
(per 100 infants)

Effect on Infant QoL

Worry 25

QoL

Disturbed Sleep I 21

Adjustment of Life [l 8

Limited Maternal
Activity - 8

Ol I 0
QoL

0 20 40 60 80 100
Number of Mothers Effected (per 100 Mothers)

Effect on Maternal

CAIdzNBE nmY ¢KS AYLI Ol 27F WHBBASNDE 2NEB[ Rtis/an S
LBBS (per 100 infants)

{LISFNXYIFYyQa NIyl O2NNBflIGA2Yy lylfeara akKz2gSR
correlated with higher QoL domain scores indicating a worse QelL§74 p<0.001)Tis is

shown in figured2.

81



30.004

25,007

20.004

15.009

10.007

Quality of Life Score at 4 Months

5.009

0o

T T T T T T
0 20 40 &0 80 100

Respiratory Symptom Score at 4 Months

Figure 42: Scatter graph of respiratory symptom scores and quality of life scores at 4 months
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3.5.2Questionnaire 210 Months
Cohort Profile, Exposures and Risk Factors at 10 Months

Nursery Attendance, Other Household Children and Sharing a Bedroom
At 10 months 26.93% (n=101) of the cohc
attended nursey. 43.47% (n=163) of the

4 1

cohort lived with at least one other child
The number of other children in thest
households is shown ifigure 43 61.33%
(n=230) of the cohort shared a bedroom. ( 123
these 80.69% (n=117) shared with the
parents and 18.62% (n=2&hared with

212

other children without their parentsOne
infant shareca bedroomwith another family Owlm2m3 ml

member.
Figure 43: Number of children in households at

months
Household Smoking
17.6% (n=66) of the infants in the cohort
were exposed tdETSin the previousthree
months see figure 44 Of these smokers

4.5% (n=3) smoked inside, 95.5% (n=¢€

smoked outside, 3.0% (n=2) smoked in tl
car and 4.5% (n=3) smoked elsewhere. T
reported rate of smoking was significantl

mYes No

lower than the smoking prevalence in
) ) _Figure 44: Household smoking at 10 months
Liverpoolin 2012 (?=8.86 p<0.05 DF=1) and i

2015(.2=6.13 p<0.05 DF=1).

Underlying Medicalonditions
By 10 months9.05% (n=34) of the cohort had least one underlying medical conditichhe

underlying health conditions in the LBBS cohort at 10 months are shownl@nltab
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Table12: Underlyingmedicalconditions in the LBBS at 10 months

Type of Underlying Condition Underlying Condition Frequency
Cardiac (3 Congenital Heart Disease 3
Imperforated Anus 1
Gastrointestinal (3 Milk Intolerance 1
Reflux 1
Eczema 10
Allergies 3
Other (18 Clotting Disorders 2
Hip Dysplasia 2
Umbilical Hernia 1
Asthma 2
Bronchomalacia 1
Respiratory (6 Chronic Lung Disease 1
Constant Wheeze 1
Ydaring of the lungs requiring oxygen
0KSNI LB Q !
Urinary (2 Vesicaureteric Reflux 1
Dilated Kidneys 1

84



Total LRSQ Score

At 10 months the lowest total

1209

score was O and the highes ool F

score was 114. The mean scol
20

was 13.50, the median was
G0

Frequency

nine and the mode was 6. The
distribution of the Totald RSQ

1
=)
1

scores at 1Gmonths is shown

oL o T | T T
in figure 45 0 25 50 75 100 125
Total LRSQ Score at 10 Months

Figure 45: Histogram ofotal LRSQ Scores at 10 Months

Total LRSQ Score in Those Expose and Unexposed to Risk Factors and Exposures
Summary Statistics comparing demographics, confounding factors, exposndesisk
factors areshown intable 13 Males hadsignifcantly highelRSQ scores than females-(z=
3.059 p=0.002)ee figure 46White babies had higher LRSQ scores than those in other ethnic
groups (z=2.771 p=0.008)see figure 47/Babies born preterm had higher LRSQ scores than
those born term £=1.978 p=0048); see figurd8. Those infants that had attended nursery
had higher LRSQ scores than those who did ne# (@52 p9.001); see figure 49Infants

born to mothers aged 229 years of age had highBRSQ scores than those born to mothers

aged 3444 (p<0Q05); see figures0.
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Table13: Comparison of LRSQ scores between different exposure/risk factor groups in the LBBS at 10 months

25% Median 75% Mean Mode
. Male 5 9.85 21 15.97 6
Ly¥ryuQa ({
Female 3 7 17 11.87 2
. Single Birth 4 8.86 20 14.14 0
Multiple Brth - -
Multiple Birth 2 2.52 16.84 9.19 2
o White 4 9 20 14.42 6
Ethnicity*
Other 2 4 12.79 7.89 2
<20 1 11.52 23.34 11.59 1
20-24 7 15.1 21.99 14.95 3
2529 4 10.28 28 18.07 4
Maternal Age* 30-34 4 9.27 19 12.94 0
35-39 2 5.85 11.7 11.11 1
40-44 2.46 3.63 11.95 7.06 8
>=45 - 19 - - -
1 3 8 21 14.91 0
2 8 8 15.5 11.2 1
3 2.04 5.17 14.15 11.58 2
4 4.76 12 27.27 18.18 2
D 5 4.08 10.17 14.37 11.6 6
6 2.5 9.49 12.62 11.36 0
7 4.39 10.42 17.37 12.48 1
8 4 11 18 11.33 4
9 6.32 16.07 32.61 22.64 0
10 4.43 19 - 18.67 4
Degree or Higher 4 8 17.28 12.23 6
Higher Education 2.46 7.37 16 11.23 2
L A Level 6 20 36 22.29 1
Maternal Qualification
GCSE 2.52 12 29.09 18.95 2
Other 5 9.53 22.57 14.21 5
None 2.12 5.81 20 9.71 8
. No 3 8 19 13.41 0
Premature Birth*
Yes 5 12.67 21 18.46 5
: : No 3 8 19 14.01 0
Low Birth Weight
Yes 4 12.82 21 13.25 1
Maternal Smoking In No 3 8 20 14.06 6
Pregnancy Yes 3 6 20.19 12.84 5
Other Household Smoking In No 3 8 20 14.05 0
Pregnany Yes 4 10 18.85 13.52 5
Any Smoke Exposure in No 3 8 20 13.92 0
Pregnancy Yes 4 10 19.52 14.03 5
. No 4 8 20 14.13 0
Home Smoking
Yes 3 8 16.55 13.19 2
i No 4 11 22.05 15.98 5
Breastfeeding
Yes 3 8 9 13.07 0
Never 4 11 22.05 15.98 5
<1 Month 2.05 8 20 14.99 1
BreastfeedingTime
1-4 Months 3.35 8.05 17.82 11.57 8
>4 Months 3.25 8 18.76 12.46 0
Eamily Hist . No 3 8.46 18 13 0
amily History of Ato|
y v Py Yes 4 8 20 14.67 6
No 3 7 16 11.85 2
Nursery Attendance*
Yes 6 14 26 19.77 5
. No 4 9 18.49 12.39 6
OtherHousehold Children
Yes 3 8 22 15.8 0
No 4 8 19 13.78 6
Shares a Bedroom
Yes 3 ) 20 14.2 0

*indicates significant resul{p<0.05)
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LRSQ Domain Scores in MontH4

The summary statics of the domain scores foeonths 410 are shown in the tabld4.
Bymptoms with cold3and Hight-time symptom®fQwere the highest scoring domains.
Symptoms ortthcreased activit@was the lowest scoring domain. Domasevenand eight

are QoL domais and are discussed elsewhere.

Table1l4: Summary statistics of domain scores at 10 months

Min Median Max

Day 'I?r%neqaslgri ptoms 0 i 15
Night—'fi):lzg;\n?ptoms 0 2 18
Symptl?)ma\;\r/]itﬁ Colds o 3 20
SympsznJv?gﬂott Colds 0 1 12
Sym ptoms%%n?r?(lzr:esased Activity  ° 0 15

quain 6 . 0 o

Other Resplratqry Symptoms

Childg c()gmuz;ir':;of Life 0 0 13
Motherzocrgnt?;ﬁts of Life o 0 14

Sex
Males had sigificantly higher scores faday time symptom&z=2.006 p=0.045}fight-time
symptomg£1z=3.658 p<0.00}, Wymptoms with coldgz=3.123 p=0.034) andymptoms on

increased activittz=3.466 p=0.001) when compared to females.

Ethnicity
White infans had higherscores forday time symptom&(z=2.108 p=0.002)\Hight-time
symptomg£¥z=2.137 p=0.033)8ymptoms without cold§z=2.275 p=0.023) andymptoms

on increased activiyz=2.188 p=0.029) compared to infants in other ethnic groups.

Maternal Age

KruskalWallisTesting revealed differences in scores for infants born to mothers of different

maternal ages fokay time symptom§(: 2=19.72 p<0.05 DF=8gymptoms with cold§- 2
=21.71 p<0.05 DF=8¥ymptoms without cold§: 2=16.22 p<0.05 DFs6nd¥ymptoms on

increased activitg{. 2=13.31 p<0.05 DF=6)
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Post Hoc d@sting Domain-lDay Time Symptoms
Infants born to mothers aged0-24, 2529 and 3634 had higher scores than infants born to
mothers aged 389 (p=0.031, p=0.002, p=0.009) and#4D(p=0.006, p=0.002, p=0.005).

Post Hoc d@sting Domain -3Symptoms with Colds

Infants born to mothers aged 224 had higher scores thanfamts born to mothers aged 35
39 (p=0.02) and 4@4 (p=0.009). Infants born to mothers agedZ%had higher scores than
infants born to mothers aged 384 (p=0.008), 389 (p=0.001) and 484 (p=0.001). Infants
born to mothers aged 329 had higher scorethan infants born to mothers aged 48}
(p=0.049).

Post Hoc d@sting Domain -4Symptoms without Colds

Infants born to mothers aged less than 20;2%and over 45 years had higher scores than
infants born to mothers aged 339 (p=0.014, p=0.003, p=0.034)d4044 (p=0.027, p=0.04,
p=0.038). Infants born to mothers aged-38 had higher scores than those born to mothers
aged 3539 (p=0.042).

Post Hoc d@sting Domain -5Symptoms on Increased Activity

Infants born to mothers aged 4M had lower scores thanfants born to mother aged 20

24 (p=0.014), 229 (p=0.007), 334 (p=0.018), 389 (0.013) and over 45 years (p<0.p01
Infants born to mothers over 45 years had a higher score than those born to mothers under

20 years (p=0.014).
Maternal Education
Krusk&WallisTesting revealed differences in domain scores for infants born to mothers with

different levels of education folay time symptom&(:2=11.96 p<0.05 DF=38ymptoms

without cold€):2?=32.35 p<0.05 DF=5and Wymptoms on increased actividf. > =22.04
p<0.05 DF=6)

Post Hoc d@sting Domain-1Day Time Symptoms

Infants born to mothers with a degree or a post graduate degree had loeaes than

infants born to mothers with Aevels (p=0.027). Infants born to mothers who had attended

higher education had lower scores than infants born to mothers wHbvals (p=0.009),

D/ {9Qa oL ndany0 FyR y2 ljdad tAFAOLIGAZ2YA OLIN ng

Post Hoc dstingDomain 4 Symptoms without Colds
Infants born to mothers with Aevels had higher scores than infants born to mothers with a

degree or post graduate degree<(p001) or who tad attended higher education (p<0.001
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LYTryda 02Ny (2 Y 2gheksSdigs thaninfarkts born to @dihars d whia K A

had attended higher education (p=0.006) and those who héel/éls (p=0.015). Infants born

to mothers with Alevels had higher scores than infants born to mothers or who had no

qualifications (p=0.003nd thosewith W2 § KSNX ljdzZt f AFAOI GA2y & oOLI ndnopl

Post Hoc dsting Domain -BSymptoms on Increased Activity

Infants born to mothers with a degree or post graduate degree had lower scores than infants

born to mothers with Alevels (p<0.00land infants born to mdters who attended higher

education had lower scores than infant®rh to mothers with Aevels (p<0.001L and

D/ {9Qad6LI ndnncvd Ly Flevwlsinad lawvarNdsresittan infahts oS B 6 A G K !
Y2GKSNE 6AGK D/ {9Qa 0LJ matonm@p=0.018)ylHantd Bothd3S GA G K y 2
Y2O0KSNE sAGK W2O0KSNIR ljdzt f AFTAOFIGARZ2ya KIR f28S8SNJ a
levels (p=0.035).

Smoking Exposure in Pregnancy

Those infants who were exposed to tobacco smoke in pregnahether that be materral
or other household smokers had lower scoMsthout cold<Xthan those who were not
exposed (z2.228 p=0.026).

Breastfeeding

Those who were breastfed had lower scores#ymptoms without cold&han those who
were not breastfed (z2.56 p=0.011). Ftirer testing revealed those who infants who were
breastfed forfour months or more had the lowest scores, and this was significantly lower

when compared to those who had never been breastfed (p=0.004).

Family History of Atopy
Those infants with a family $tory of atopy scored significantly higher f@ymptoms with

cold<1han those who did not have a family history of atopy-2z£08 p=0.035).

Nursery Attendance

Those who attended nursery had higher scoms\laytime symptom§z=5.196 p<0.00},
WHight-time symptom«Q(z=4.637 p<0.00), Wymptoms with cold@(z=5.078 p<0.00},
Wymptoms without cold@(z=3.117 p=0.002) and&dther respiratory sympton@(z=2.52
p=0.012).
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Respiratory Symptom Prevalence at 10 Months

93.1% (n=349) of the cohort had résory symptomsin the previoughree months at 10
months ofage Colds were the highest reported respiratory symptom with 85.6% (n=321) of
the cohort having at least one cold in the previahsee months. The lowest reported
respiratory symptom was rapioreathingreported byonly 16.80% (n=63) of the cohort. The
prevalence of the respiratory symptoms per 100 infants in ttm@e months prior to 10

months of ageare shown irfigure 51

Colds I 36
Wheeze NI 32
Cough (without a cold) I 79

e Rattly Chest 42

*8_ Sorthness of Breath 18

§ Snoring 64
N

Rapid Breathing . 17
Noisy Breathing From Back of Thro s 19
Noisy Breathing Not From Che s 17
No Respiratory Symptomsmmm 7

0 20 40 60 80 100
Number of Infnants (per 100)

Figure51: Respiratory symptom prevalence at 10 montpsr 100 infarts

Respiratory BnptomPrevalence in Those Exposed and Ursagto Risk Factors

Males had a higher prevalence of cough«4.60 p<0.05 DF=&hd snoring {>=6.11 p<0.05
DF=1Ythan females. White infants had a higher prevalence of wheeze4(81 p<@5 DF=1)
and rattily chest {2=5.77 p<0.05 DF=fHan infants of other ethnic groups. Preterm babies

had a higher prevalence of rapid breathing than those who were born at tefm6(70
p<0.05 DF=1)The prevalence of colds was higher in low birth welgdthies than in babies

born at a normal weight.¢=5.64, Fishes Exact Test p=0.0128 DAh#)prevalence oSoB

(-2=5.49 p<0.05 DF=HAnd ‘Hoisy breathing from the thro&X.?=6.24 p<0.05 DF=jas
lower in babies that were breastfed. The prevalenceafl symptomswas higher in those

infants with a family history of atopy when compared to those without a family histary (

=8.05 p<0.05 DF=1). Infants who attended nursery had a higher prevalence of wh&eze
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=6.19 p<0.05 DF=1), cough=4.75 p<0.0®F=1), rattily chegt 2=16.90 p<0.05 DF=1), colds
(-2=4.70 p<0.05 DF=1), aMtbisy breathing from the thro&X-2=11.88 p<0.05 DF=fhan
those who did not attend nursery. The prevalence of snoring was lower in those babies who

shared a bedroom compad to those who slept along 2=16.38 p<0.05 DF=1).

Health Care Service Attendance in MontH4
In months 410 29.07% (n=109) of the cohort attended the GP with respiratory symptoms.
8.80% (n=33) attended the hospital with respiratory symptontsa@endance was higher in

those with a family history of atopy {=14.09 p<0.05 DF=1), those who were born with a low
birth weight(. 2=5.85 p<0.05 DF=1) and those who attended nuréery12.40 p<0.05 DF=1)
but was reduced in those who were breastfed=5.83 p<0.05 DF=1hlospital attendance
was increased in infants with a family history of atopd=(14.09 p<0.05 DF=1) and those who
were born with a low birth weight- 2=4.51 p<0.05 DF=but was reduced in those who were

breastfed (. 2=9.52 p<0.05 B=1). Increasing maternal age reduced both GP and hospital
attendance see figure 52The relationship between aternal education and tath care
service attendance ishownin figure 53

B GP Attendance Hospital Attendance

20-24 25-29 30-34 35-39 40-44 45+
Maternal Age Group

Figure 52: Perceaige of the cohort that attended their GP or hospital with respiratory symptom:
months 410 of life by maternal age group

Percentage of Cohort
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B GP Attendance Hospital Attendance

Degree or Higher A Level GCSE Other None
Higher Education  Maternal Education Group

N WS o0
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Percentage of Cohort
o

Figure 53: Percentage of the cohort that attended their GP or hospital with respiratory symptol
months 410 of life by highest maternal qualification attained
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The Impact of Respiratory Symptoms on QoL in Montlts 4

The immct of respiratory symptoms on the QoL of the infant and their families are
summarised ifigures 54 and 55espectively The QoL of 43.5% (n=163) of the infants in the
cohort was effected by their respiratory symptoni$e QoL 045.3% (n=163) of the cohs

motherswere effected by theiinfants respiratory symptoms.

Tired 23

Low Activity [ 15
woke - I ¢
Reduced Feeding | | NN ::
No Effect on Child QoL I NNEQ@B 57

0 10 20 30 40 50 60 70 80 90 100
Number of Infants Effected (per 100 Infants)

Effect on Infant QoL

CA3IdzNBE pnY ¢KS AYLI OG 2F NBALANIG2NEB RAASI
infants)

Worry 33

Disturbed Sleep NG 39
Adjustment of Life || NN 14
Limited Maternal Activity || N [ I 1°
No Effect on Parents Qo  NERBN 57

0 20 40 60 80 100
Number of Mothers Effected (per 100 Mothers)

Effect on Mothers QoL

Mothers reported that males had a worse QoL due to their respiratory symptoms than
females (z=3.411 p=0.001). White infants were reported to have a worse QoL when compare

to infants of othe ethnicity (z=2.752 p=0.006) KruskalWallisTesting revealed differences
in QoL scores in infants born to mothers with different levels of educationil(.41 p=0.004

DF=5) Post hoc testing revealeidfants born to motherswith a degree or postgraduate

degree and those who attended higher education had a better QoL due to respiratory
symptoms than those born to mothers withl&evels (p=@01 and p=0@An 0 | YR D/ { 9¢
(p<0.001and p=0.005).nfants born to mothes with A-Levels had a better QoL than those
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infants born to mothers with no qualifications (p=0.018)adher qualifications (p=0.038).

TK2a4S 02Ny G2 Y2GKSNE 6A0GK Dhdmit@mothés m  g2NES
qualifications (p=0.047). Infants born preterm had a worse QoL than infants who were born

term (z=2.122 p=0.034). Infants who attended nursery had a worse QoL due to respiratory

symptoms than those who didot attend nursery (z:3.838p<0.001) and those who lived

with other children had a worse QoL than those who miid live in a household with other

children (z=2475 p=0.013).

Mothers2 ¥ Y I fS Ay Flyda NBLRNIGSR I ¢g2NES v2[ RdzS G2
mothersof females (z=2.697 p=0.007). Likewismothersof white infants had a worse QoL

RdzS (2 GKSANI OKAf RQ&A& NI a LAndtheisafNidfantsité ofieii 2 Ya 6 KSy
ethnic groups (z3.197 p=0.001)KruskalWallisTesting revealed differences in QoL scores

in infants born to mothers with different levels of educatiorf£19.447 p=0.002 DF=%ot

hoc testing motherswithA S@Sft & KIFIR | ¢g2NARS v2[ RdzS G2 GKSANI C
than mothers with a degree or post graduate degree (p=0.001), mothers wbaded

higher education (p<0.0@81 | YR Y20 KSNE 6A 0K W2 WiKnes®ithlj dzt € A FAOF (
D/ { 9Qa KI R due tastBeNRISOK R RQa NB thadimethais2aNiEa a & Y LIG 2 Y a
degree or post graduate degreg@=0.014)or who attended higher educatio (p=0.005).

Mothers ofinfants born preterm had a worse QoL thamthers ofinfants who were born

term (z=2.054 p=0.012Mothers of infants who attended nursery had a worse QoL due to

0KSANI OKAf RQA NI anoifhemslofinfantsBvhoidindtlakieAdvharsery k+ vy

3.488 p<0.00)L

{ LIS NXI yQa&a oNangljsis sShaved\tit higliiedspiratory symptom scores were
correlated with higher QoL domain scores indicating a worse Qoe0.744p<0.00). This is

shown in figure 56

94



257

207

154

107

Qulaity of Life Score at 10 Meonths

5=

0

T I T T T T
o 20 40 G0 80 100

Respiratory Symtom Score at 10 Months

Figure 56: Scatter diagram showing respiratory symptom scores against QoL Scores at 10 mi
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3.5.3Questiomaire 3 16 Months
Cohort Profile, Exposures and Risk Factors at 16 Months

Nursery Attendance, Other Household Children and Sharing a Bedroom

At 16 months 51.6% (n=142) of the cohort attended nursery. 53.8% (n=148) of the cohort
lived in a household witlanother child.Unfortunately a problem with the questionnaire
meant that there was a large amount of missing data with regards the number of other
household children33.1% (n=91) of the cohort shared a bedroom. 72.5% of these shared a
bedroom with their @rents, 28.6% (n=26) shared with another child and 2.2% (n=1) shared

with another family member.

Household Smoking

13.82% (n=38) of the cohort were exposed=bS
in thethree monthsbefore 16 months of agesee
figure 57 5.3% (n=2) of these smokers aked
inside, 84.2% (n=32) smoked outside, 2.6% (n

smoked in the car and 18.4% (n=7) smok
elsewhere. The proportion of the cohort expose
to smoke was significantly lower than the smokir mvYes ©No
rates inLiverpoolin both 2012 (*=15.90 p<0.05 Figure 57: Household smoking in the LE

DF=1) and 20162=12.71 p<0.05 DF=1). at 16 months

Underlying MedicaConditions
By 16 months old@.64% (n=21) of the cohort had least onaunderlying medical conditions.

The underlying medical conditions in the oohare shown in table 17

Table15: Underlying medicalconditions in the LBBS at 16 months

Type of Underlying Condition Underlying Condition Frequency
~ Cardiac(3]  Congenital Heart Disease 3
Gastrointestinal (1) Wh2i 5SaONRO 1
Eczema 8
Wh2i 5SaONRO 4
Other (16) Allergies 1
Congeital Talipes Equinovarus 1
Hip Dysplasia 1
Respiratory (2 Asthma !
Chronic Lung Disease 1
Urinary (3) Vesiceureteric Reflux 1
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Total LRSQ Score

At 16 months the lowest total —

LRSQscore was 0 and the &0

highest score was 92. The mea

I
[
1

score was 15.31he median was

Frequency

10 and the mode was 6. The
distribution of the Totald.RSQ

207

scores at 16 months is shown i 0 , : e :
0 25 50 = 100 125

figure 58 Total LRSQ Score at 16 Months

Figure58: Histogram of the total LRSQ scores at 16 mor
Total LRSQ Score in Those Expose and Unexposed to Risk Factors and Exposures
Summary Statistics comparing demographics, confoundingorfactexposures and risk
factors areshown intable 16 Maleinfants had significantly higher LRSQ scores than females
(z=3.009 p=0.003)see figure 59 Those who attended nursery had a higher LRSQ than those
who did notattend nursery (z5.272 p<0.00}% see figure 60Paradoxicallyhiose who were
SELIRASR (2 9¢{ Ay LINB3IyLyOe odzi sK2a$S Y20GKS)
than those who were not exposeat all (z=1.977 p=0.048)see figure 61IMD decile of the
cohort was established using tinpostcode. Decilenewas the most deprived and decile 10
was the least deprivednfantsin IMD decile ninehad a greater LRSQ score than those in
decilesone, tow, three and fou¢p<0.05). Tose indecilesevenhad a higher LRSQ score than
those indedlesthree and four (p<0.05) Those in decildive had a higher LRSQ sore than
thosein decilethree (p<0.05); see figure 62
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Tablel6: Comparison of LRSQ scores between different exposure/risk factor groups in the LBBS at ifismon

25% Median 75% Mean Mode
o Male 6 12 24 19.4 6
LYTFyidQa
Female 8 9 19.14 12.07 3
A _ Single Birth 4 11 21 15.75 6
Multiple Birth 2 -
Multiple Birth 3.46 14.86 36.73 17.62 5
o White 4 10.16 21 15.84 6
Ethnicity
Other 6.15 12.5 25.04 15.02 16
<20 1 1 - 1 1
20-24 6 7.26 13 9.48 6
2529 3 13.26 26.88 21.31 1
Maternal Age 30-34 8 10.87 17 13.12 2
3539 3.88 10 21 13.54 5
40-44 6 10.28 16 11.02 6
>=45 = 15 = = =
1 3 12 21.27 17.04 1
2 4 9 16.72 11.33 6
3 2 5.69 19.53 11.88 0
4 3 5.95 17.15 9.71 3
5 5.84 12 31.27 19.53 6
IMD*
6 6 13 24.64 19 1
7 7.25 14 22.79 17 4
8 4.39 7.55 15.17 9.58 6
9 11.18 25.69 33.75 28.63 6
10 1.88 18.36 - 11.25 0
Degree or Higher 5 9.84 20 13.93 6
Higher Education 3 10.1 18.41 16.05 1
o A Level 5 18.25 24.62 17.65 5
Maternal Qualification
GCSE 5.78 13 20.39 20.03 0
Other 211 17.48 52.63 23.41 2
None 6.28 7 - 6.76 7
. No 4 10 20.36 15.05 6
Premature Birth
Yes 6 15 30.27 22.27 13
. ; No 4 11 21 16 6
Low Birth Weight
Yes 5 10 18.4 12.48 5
Maternal Smoking In No 4 12 21 16.02 6
Pregnancy Yes 3.67 9.18 13 13.11 3
Other Household Smoking No 4 12 21.36 16.89 6
Pregnancy* Yes 3.03 7.09 14.55 9.7 8
Any Smoke Exposure in No 4 12 22 16.92 6
Pregnancy Yes 3.58 8 15 11.52 3
. No 5 12 21 16.61 6
Home Smoking *
Yes 3 7.19 16 11.48 3
i No 2.28 8 21 15.53 6
Breastfeeding
Yes 5 11 21 15.86 6
Never 2.28 8 21 15.53 6
. . <1 Month 5 12 24 19.55 13
BreastfeedingTime
1-4 Months 3.81 12 22.14 16.5 0
>4 Months 5 10 20 13.16 6
Eamily Hist - No 3 10 19.63 14.99 6
amily History o
y g py Yes 5 11 22 16.39 6
No 2.42 6 16 11.6 6
Nursery Attendance*
Yes 7 15 25 20.26 6
. No 4 10 20 13.19 6
Other Household Children|
Yes 4 12 24 18.47 1
No 4 10 21.2 15.5 6
Shares a Bedroom
Yes 4.87 12 20 16.33 1
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Total LRSQ Score at 16 Months
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LRSQ Domain Scores in MonthsL&0

The summary statics of the domain scores for monthsl@C0are shownin table 18
Bymptoms with cold3and WHight-time symptom®fQwere the highest scoring domains
Bymptoms on increased activiynd Wther respiratory sympton@vere the lowest scoring

domairs. Domainsevenandeightare QoL domains and are discussed elsewhere.

Tablel7: Summary statistics of domain scores at 16 months

Min Median Max

Day 'II'Dir?qn;a;;r:rL\ptoms 0 1 12
Night—iijr?]?g;rﬁptoms 0 2 16
Sympg)?nn;a\;\rl]itﬁ Colds 0 4 19
Sympto?nosmva;r;gut Colds v 0 12
Symptoms[;%rr:r?;:r:eised Activity v 0 12
Other Re?;;)i:g?(l)?yBSymptoms 0 0 10
ChildsD (())muz:ir:;of Life e 0 12
MotherDsog]L?;rl]its of Life e 0 13

Sex
Males had significantly higher scores fgaytime symptom&§z=2.774 p=0.006)Hight-time
sympbomg)z=2.1148 p=0.032)8ymptoms with cold(z=3.225 p=0.001) an&ymptoms

on increased activifz=3.439 p=0.001) when compared to females.

Maternal Age

KruskalWallisTesting revealed differences in domain scores for infants born to mothers of
different maternal agedor Wymptoms without cold§(.?=16.22 p<0.05 DF=6Post hoc

testing revealed Infants born to mothers aged-2%yearshad higher scores than infants

born to mothers aged 389 years(p=0.011) but lower scores than those infants born to
mothers aged 4814 (p=0.006).nfants born to nothers aged 45 or older scored lower than
those aged 4214 years(p=0.04).

IMD

KruskalwWallisTesting revealed differences in domain scores for infants living in different IMD
deciles fortday time symptom§.2=18.196 p=0.033 DF=&hd¥ymptoms withoutcold<{.?
=23.557 p=0.005 DF=®ost hoc analysis showdithy time symptom@vere higher in those
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who lived in IMD deciles one (p=0.043), five (p= 0.034), six (p=0.017), seven (p=0.025) and
eight (p=0.011) compared to those who lived in IMD decile thitdeswisethose who lived

in IMD decile nindad higheray time symptom&scores than those who live in IMD decile
one(p=0.025)two (p=0.007) and three (p=0.11) and four (p=0.002).\Byonptoms without
coldsQhose who lived in IMD decile four had lemscores than those whovéd in IMD decile

one (p=0.046) and five (p=0.034). Those who lived in decile nine had higher scores than those
who lived in deciles one to four (p=0.035, p=0.005, p=0.013, p=0.004 respectively)

Maternal Education

KruskalWallisTesting revealed differences in domain scores for infants born to mothers with
RAFFSNByYy(d fS@Sta 2F SRdzOI (i A?216.167 p=RDO&RREK S NJ NB
Post hoctestingshoway F I yia 062Ny (G2 Y2GKSNR ¢ AdtdesW¥W2 G KSN
than: infants born to mothers with a degree or postgraduate degree (p=0,d@&nts born

to mothers who attended higher education (p=0.001) and infants born to mothers who had

D/ {9Q& O6LIAdnAHO® LYTLyda 02N} aiogandtRdsek SNB &
02Ny (2 Y20KSNE ¢A0GK 2yfeé D/{9Q&a KIR-f28SNJ
levels (p=0.028 and p=0.031).

Preterm Birth

Infants who were born preterm had higher domain scores than term babieglifgint-time
symptom£)(z=2.466 p®H.014), Wymptoms with cold@z=H ®nnd LI ndnnov I I yR
respiratory symptom§z=3.006 p=0.003).

Smoking Exposure

Those infants who were exposed to ETS in pregnancy from other household smokers had
lower scores than those who were not exposed tfee domains8ymptoms without coldQ
(z=2.2882 p=0.004) anymptoms on increased activiiz=3114 p=0.002). Those who
were exposed to any tobacco smoke during pregnavicgtherthat be maternasmokingor

other household smokers showed the same re&zs#2.838 p=0.005 and z3:122 p=0.002).
Those who were exposed to tobacco smoke exposure in thesitastonths showed lower
domain scores folaytime symptom§(z=2.371 p=0.018)8ymptoms with cold§z=2.531
p=0.011) and8ymptoms on increased aeity(Qz=2.118 p=0.034) than those who were not

exposed.

Breastfeeding
Those who were breastfed showed lower sswa Yhcreased activi2han those who were

not breastfed (z=2.202 p=0.028).
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Family History of Atopy
Those with a family history of atgpscored higher folymptoms without colod(z=2.18
p=0.029) and¥ymptoms on increased actividfz=2.255 p=0.029) compared to infants

without and family history of atopy.

Nursery Attendance

Those who attended nursery had higher scoreslagtime ymptomsQz=4.169 p<0.00},
WHight-time symptom®(z=4.609 p<0.00), Wymptoms with cold@(z=5.706 p<0.00}
Wymptoms without cold®(z=3.117 p=0.002) an&Bther respiratory sympton(z=3.649

p=0.012) compared to those who did not attend nursery.

Respiratory Symptom Prevalence in Months18)

At 16 months of if@©6.0% (n=264) of the cohort had respiratory symptoms in the previous
three months. Colds were the highest reported respiratory symptom with 91.3% (n=251) of
the cohort having at least one kbin the previousthree months. The lowest reported
respiratory symptom wadHoisy breathing from the back of the thrdwith only 16.4%
(n=45) of the cohort reportingHoisy breathing from the back of the thr@afThe prevalence

of the respiratory sympims in the previouthree months per 100 infants are shownfigure

63.
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Figure63: Respiratory symptom prevalence in the LBBS at 16 months



Respiratory symptom prevalence in Those Exposed and Unexposed to Risk Factors

Maternal Age

KruskalWallistesting showed there was variation in the prevalence of cough16.963
p<0.05 DF=6)attily chest(.2=13.05 p<0.05 DF=@)nd Hoisy breathing not from the cheat
(-2=13.01 p<0.05 DF=#)infants born to mothers of different ages. Post hoc analysis showed
that infants born to mothers aged less than 20 had adomwrevalence of cough than those
born to mothers ages 204 (?=17C A a exaddest p=0.007 DF=1),-39(.2=5.07CA &8 K SN a
exact test p=0.039 DF=1) and-44(.2=8.11C A & KefbtXest p=0.016 DF=1). Those born
to mothers aged 224 had a higherqgvalence of cough than those born to mothers30
(-2=5.32C A & e@adtIest p=0.020 DF=1). Infants born to mothers age@®bad a higher
prevalence of rattily chest than infants born to mothers ages38%.2=5.64 p<0.05 DF=1)
and 4044 (.2=7.81p<0.05 DF=1) and infants born to mothers agee33thad a higher
prevalence of rattily chest than those born to mothers ageeé44d.2=4.79 p<0.05 DF=1).
Infants born to mothers aged 229 had a higher prevalence $ibisy breathing not from the

chesfthan infants born to mothers aged 3 (.2=6.00 p<0.05 DF=1).

Maternal Qualification

KruskalWallistesting showed there was variation in the prevalenceHoisy breathing not

from the chesfl.?=17.64 p<0.05 DF=5) and rapid breathirfg:14.51 p<0.05 B=5)in infants

born to mothers with different levels of education. Post hoc analysis revealed infants born to
mothers who attended higher education had a lower prevalenc¢éasy breathing not from

the chesfihan those with Alevels (?=6.52C A &4 FEESabtest p=0.030 DFahd those with

no education (?.=8.69C A a KESabLIDest p=0.003 DF=likewisethose with Alevels had a
f26SNJ LINSGIf SyO0S (.k348.92C & K RERBIITdsh pKOOGDDFEW QA 0
0K24aS 02Ny (2 Yhadatosalgrevadehod thanEhbse @it Bo educatioh (
=6.23C A & KESabLIDest p=0.039 DF=t)other qualifications.¢=12.24C A a KESabLIDest
p=0.020 DF=1)Those born to mothers with other qualifications had a higher prevalence of
rapid breathinghan those born to mothers with a degree or post graduate degréel(1.53

C A & KESabtITest p=0.003 DF=fjose who attended higher educatiorf €12.29C A & K S N a
Exact Test p=0.023 DF=those with Alevels (?=5.98C A & KEgablMast p=0.031 DA=hd
iK2a$S & A.45%.540/A @ 9ESBLIDEst p=0.044 DF=1)

Smoking Exposure
¢tK24aS AyTlryilia ¢6K2Qa Y20KSNARA aYvY21SR Ay LINB3y
compared to those whose mother did not smoké=11.56 p<0.05 DF=1hfants that were

exposed to any smoking in pregnhanciyether that be maternal or other household tobacco
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smokers had a lower prevalence $6B(.2=4.17 p<0.05 DF=1) but a higher prevalence of
snoring(.2=4.84 p<0.05 DF=1). Those infants exposed to tobacco smoke astlsednonths

had a higher prevalence of snoring than those who were not exposed to tobacco ¢rfhioke
=7.35 p<0.05 DF=1).

Gestation

Infants that were born preterm had a higher prevalence of snorifg4.64 p<0.05 DF=1),
Hoisy breathing from the thro&(.2=6.26,C A & KeSabtIdedt p<0.024 DF=1) atidbisy
breathing not from the che§(.2=8.14C A a e&dtIRst p=0.010 DF=1).

Breastfeeding
Infants who were breastfetbr any duration of timehad a lower prevalence of cough than
infants who were nobreastfed (?=11.92 p<0.05 DF=1)

Nursery Attendance

Infants who attended nursery had a higher prevalence of cou$hl@.13 p<0.05 DF=1)
rattily chest (2=12.93 p<0.05 DF=13noring (?=5.55 p<0.05 DF=1%oisy breathing from
the throat(}.>=7.47p<0.05 DF=1}Hoisy breathing not from the che®t?=8.43 p<0.05 DF=1)
and rapid breathing.¢=6.74 p<0.05 DF=fhan those infants who did not attend nursery.

Health Care Service Attendance in Monthsl &0

In thethree month prior to being 16 monthsld33.09% (n=91) of theohort attended health

care servicewith respiratory symptoms. 6.55% (n=18) attended the hospital with respiratory
symptoms. GP attendance was higher in malés10.61 p<0.05 DFsdipfants with a family
history of atopy (*=4.61 p<0.05 DF=and infants who attended nursery?=15.06 p<0.05
DF=). There was no clear trends between health care attendance and maternal age or

maternal education at 16 months therefore these graphs have not been shown.
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The Impact of Respiratory Sgtoms on QoL in Months 116

The impact of respiratory symptoms ohet QoL of the infant and their motherare
summarised in thdigures 64 and 65The QoL of 45.8% (n=126) of the infants in the cohort
was effected by their respiratory symptoms and®.(n=135) of th® 2 K 2nihihedsivere

effected by their infant&espiratory symptoms.
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Low Activity _ 16
wore - N -2
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Mothers reported that males had a worse QoL due to their respiratory symptoms than

females (z=2.99 p=0.003). Infants who attended nursery had a worse QoL duegvatsy

symptoms than those who didot attend nursery (z3.699 p<0.00}1 Inexplicably at this

time point, infants who were exposed to tobacco smoke in pregnambgther that be

maternal or from other household smokers had a better QoL reported tharethd® were

not exposed to tobacco smoke in pregnancy24347 p=0.041).

Mothers2 ¥ YIF £ S Ay Tlryidia NBLR2NISR |

g2 NAS

v2[ RdzS

mothersof females (z=2.711p=0.007Mothersof infants who attended nursery had a worse
0 KSANI OKA f Ratfers biiafantsJavhaldidl fokditend & Y LG 2 Y &

v 2]

R dzS

G2

nursery (z=3.435 p=0.001)Mothers who live in households with more than one child

NB LJ2 NI SR

g2NBES v2[ RdzS (2 dherkwhd ey with RQa

only one child (z2.929 p=0.003).

{ LIS NXYI yQa

NFyl O2NNBElIGAZY Fylfesara

aK2sSR

correlated with higher QoL domain scores indicating a worse el {8p<0.00). This is

shownin figure 66

Quality of Life Score at 16 Months
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3.5.4Questionnaire 422 Months
Cohort Profile, Exposures and Risk Factors at 22 Months

Nursery Attendance, Other Household Children and Sharing a Bedroom

At 22 months of age 56.81% (n=146)he cohort attended nursery. 49.42% (n=127) of the
cohort lived in households with other childrednfortunately a technical problem with the
gquestionnaire meant that there was a large amount of missing data with regards the question
number of other hasehold children and this detail cannot be reported with
confidence27.63% (n=71) of the cohort shared a bedroom at 22 months of &fe8%
(n=46) of these infants shared their bedroom with their parents, 39.4% (n=28) of these

shared with at least one o#r child and 7.04% (n=5) shared with another family member.

Household Smoking

15.18% (n=39) of the cohort were exposed

household tobacco smoke in months -28,;

see figure 67 5.1% (n=2) of these smoker

smoked inside the home, 92% (n=36) smok

outside, 5.1% (n=2) smoked in the car ar

10.3% (n=4) smoked elsewhere. These smok

rates were significantly lower than the smokin Yes mNo

prevalence irLiverpoolin both 2012 (*=11.55 Figure 67: Household smoking in the LE
p<0.05 DF=1) and 20{5=8.89 p<0.05 DF=1)°°"0rt at 22 months

Underlying MedicaConditions
By22 months 15.18% (n=39) of the children in the cohort had underiyiraglicalconditions.
The underlying health conditions in the LBBS at 16 months are shown table 18.



Tablel8: Underlying medicatonditions in the LBBS aitlmonths

Type of Underlying Condition Underlying Condition Frequency
~ Cardiac(3d  Congenital Heart Disease 3
Gastrointestinal (1) Not otherwise specified 1
Hypotonia 1

Neurological (2)

Not otherwise specified 1
Eczema 18
Not otherwise speified 4
Allergies 2
Other (28) Congenital Talipes Equinovarus 1
Developmental Delay 1
Hip Dysplasia 1
Trisomy 21 1
Asthma 5
Respiratory (6)
Bronchomalacia 1
Vesicaureteric Reflux 1
Urinary (2)
Tubular Sclerosis 1
Total LRSQ Score
At 22 months tle lowest total —
score was 0 and the highes B0
score wass8. The mean score > -
. . c |
was 14.1, the median wasght % 407
and the mode was 5. The E
distribution of the Totald RSQ 207
scores at 22 months is showi
. . o T T T = T T
in the figure 68 0 25 50 75 100 125

Total LRSQ Score at 22 Months
Figure 68: Histogram of total LRSQ scores at 22 months

Total LRSQ Score in Those

Expose and UnexposedRisk Factors and Exposures

Summary stistics comparing demographics, confounding factors, exposursiskfactors
are shown irtable 19. Those infantdorn to mothers with a degree or post graduate degree
had higher LRSQ scores than those born tohas who only attended higher edudan
LI ndnnov | yR K FHese barn{t®nthersonvhir attetded igher education

had lower score than those born to mothers who had no qualifications

10€



Table19: Comparison of LRSQ scerketween different exposure/risk factor groups in the LBBS at 22 months

25% Median 75% Mean Mode
. Male 3 6.4 15.94 11.47 4
LYFlI yuQa
Female 4 8 20.08 14.54 5
. . Single Birth 4 17 13.18 5
Multiple Birth - -
Multiple Birth & 13.24 19.11 11.99 3
. White 3 13.24 19.11 11.99 3
Ethniity
Other 5.54 12 20 13 1
<20 - - - - -
20-24 6.3 10 17 12.43 10
2529 3 5 13 10.86
Maternal Age 30-34 4 7 17.79 14.61
3539 4.85 8 16.73 13.43 8
40-44 3.42 14 20.58 13.78 14
>=45 - - - - -
1 4 88 17 1318 0
2 2.04 7.92 18.14 11.59 2
B 37 7 14.85 10.8 0
4 3.01 6 9 7.08 6
I 5 3.38 7.76 18.71 14.03 1
6 3.45 12.62 28.4 15.05 1
7 5.12 11.87 28.27 20.26 1
8 5.12 11.87 28.27 20.26 1
9 4.09 5.33 21.37 10.71 5
10 13 50.43 - 24.25 0
Degree or Higher 5 11 25 16.32 5
Higher Education 1 7 10.68 8.71 1
Maternal A Level 3 10.75 16.73 10.82 3
Qualffication* GCSE 2 4 10 6.95 0
Other 2.54 10 13.64 10.53 10
None 7.45 15.3 35.27 20.41 6
. No 4 8 17 13.35 0
Premature Birth
Yes 3.27 6.2 18.21 10.82 2
_ ; No 4 8 17.47 13.41 5
Low Birth Weight
Yes 2 6.13 13.17 8.33 2
Maternal Smoking In No 4 8 17 13.16 0
Pregnancy Yes 1 8.67 26 12.95 1
Other Household No 3 7.82 16 12.19 5
Smoking In
Pregnancy Yes 5 13 255 17.33 0
Any Smoke Exposure No 4 8 17.07 12.52 5
in Pregnancy Yes 3 10.33 17.63 15.33 1
. No 4 8 18 13.61 0
Home Smoking
Yes 3 5.52 16.6 10.21 1
. No 3 8 14 11.26 0
Breastfeeding
Yes 4 8 18 13.78 0
Never 3 8 14 11.26 0
. . <1 Month 2 7 11.76 13.62 1
BreastfeedingTime
1-4 Months 4 14 2427 16.43 4
>4 Months 4 8 16.36 12.66 5
Family History of No 5 10 19.1 13.93 8
Atopy Yes 3 6.96 16 12.54 4
No 2 7.96 15.9 11.11 0
Nursery Attendance
Yes 5 9 19.79 14.98 5
Other Household No 4 8 17 13.67 5
Children Yes 3 8 17.76 12.63 1
No 4 8 17.63 13.81 4
Shares &edroom
Yes 3.11 8 16 11.55 8

*indicates significant resul{p<0.05)



(p=0.01). Thosborn to mothers withA-Levels had higher scores that thdsan to mothers
withD/ { 9 Qa o LI n ®n nhord to KétheSENSINE | K2 [ag8nstorek than

infants born tothose with no qualifications (p=0.003)his is shown ifigure 69 Those who

6SNB SELIRaSR G2 avyz21Ay3a Ay LINB3IylyOe odzi ¢6Kz2a$s

LRSQ score than those who were not expose(¥62 p=0.36); see figure 70 Those who
attended nursery had higher LRSQ scores than those who did mutdattursery (z1.975,
p=0.048); see figure 71
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Figure 69: Total LRSQoses at 22 months by maternal education
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LRSQ Domain Scores in Month226

The summary statics of the domain scores fi@onths 1622 are shownin the table 20
Bymptoms with cold3and WHight-time symptom®fQwere the highest scoring domains.
Bymptoms on increased activiynd Wther respiratory sympton@vere the lowest scoring

domain. Domainsevenandeightare QoL dmains and are discussed elsewhere.

Table20: Summary statistics of domain scores at 22 months

Min Median Max
Domain 1
. 0 1 11
Day Time Symptoms
Domain 2
. ; 0 2 13
Night-time Symptoms
Domain 3
. 0 3 21
Symptoms with ©Ids
Domain 4
. 0 0 11
Symptoms without Colds
Domain 5 q Q -
Symptoms on Increased Activity
Domain 6 0 0 .
Other Respiratory Symptoms
Domain 7
. . . 0 0 16
Childs Quality of Life
Domain 8
. . 0 0 16
Mothers Quality of Life

Sex
Females had significantly highd@ymptoms with cold®(z=2.22 p=0.027) anéBymptoms
without cold€<than males (z<1.99 p=0.047).

Ethnicity
Infants of other ethnicity had higher scores f8ymptoms without cold§(z=2.27 p=0.023)

and®ymptoms @ increased activi{z=3.55 p<0.00) than white infants.

Maternal Education

KruskalWallisTesting revealed differences in domain scores for infants born to mothers with

different levels of education fo#laytime symptoms).2=22.76 p<001 DF=5) Hight-time
symptom£)(- 2 =25.74 p<0.001DF=5) Wymptoms with cold@(-? =16.67 p=0.005 DF=5)

Wymptoms without cold§: 2=13.31 p=0.021 DF=&hd ¥ymptoms on increase activiif: 2
=11.49 p=0.042 DF=5)
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Post Hoc d@sting Domain-IDay Time Bnptoms

Infants born to mothers with a degree or a post graduate degree scored higher than infants

born to mothers who attended higher education (p=0.011)brR D/ { 9 QRInfantslF n ®n n m
born to mothers with no qualifications had higher scores than tho@a to mothers who

attended higher education (p=0.005), had S@St & O6LI ndnoo9gv 2NJ D/ {9Qa& 6Lk

Post Hoc d@sting Domain -Nighttime Symptoms

Infants born to mothers with a degree or a post graduate degree scored higher than infants

born to mothers viho attended higher education (p=0.023). Infants born to mothers with

D/ {9Qa KIFIR f26SNJ a02NBa (KIy AyFlyida 02Ny G2 Yz2i
(p<0.00), attended higher education (p=0.013), hadlefels (p=0.007), had other
qualifications(p=0.031) or no qualifications (p=0.002).

Post Hoc d@sting Domain -3Symptoms with Colds

Infants born to mothers with a degree or a post graduate degree scored higher than infants

02Ny (2 Y2U0KSNE ¢6K2 FTOGUGSYRSR KAIKWBNIhGRAzOF GA2Y 0|
with no qualifications had higher scores than those who attended higher education (p=0.034)

YR (K2&4S 6AGK D/ {9Qa oO6LINndamMdpy P

Post Hoc d@sting Domain-4Symptoms without Colds

Infants born to mothers with a degree or a post graduate degree sichigher than infants

02Ny (2 Y20KSNB 6K2 F0GSYRSR KAIKSNI SRdzOF A2y 6|
with no qualifications had higher scores than those who attended higher education (p=0.046)

YR (K2&4S 6AGK D/ {9Qa oLIndannnid®

Post Hoc d@sting Domai 5 Symptoms on Increased Activity
Infants born to mothers with a degree or a post graduate degree scored higher than infants
02Ny G2 Y20KSNBR ¢6K2 FGGSYRSR KAIKSNI SRdzOII GA2Y 6L

Smoking in Pregnancy

Those who were exposed taher household tobacco smoke in pregnancy but not maternal
tobacco smoke had higher scores #aytime symptom§z=2.528 p=0.011) andymptoms
with cold<¥z=1.97 p=0.049).

Household Smoking
Those who were not exposed to household smoking in thesiastonths had higher scores

T 2 NJ veBpirakofy Bymptom@hen those who were exposed (25009 p=0.045).



Breastfeeding

Thosewhowe8 O NBI &G FSR KI ightiinied R § NI tRalr fhd@Bviiho WeeNJ W
not breastfed (z=1.967 p=0.049)-urtheranalysis showed that this difference was between
those who were breasti# for between one and foumonths and those who were never
breastfed (p=0.003). Those breastfed for greater tfamr months did not have significantly
higher scores (p=0.192).

NurseryAttendance
Those who attended nursery had higher scoresight-time symptomg}z=2.956 p=0.003)
and Wymptoms with cold§z=1.964 p=0.049) than those who did not attend nursery.

Other Household Children
Those who lived with other household childrkead lower scores olhcreasel activityCthan
those who did not have other household children-2z218 p=0.027).

Respiratory Symptom Prevalence in Month=226

93.8% (n=241) of the cohort had respiratory symptoms in the preutmg® months at 22
monthsof age Colds were the highest reported respiratory symptom with 85.6% (n=220) of
the cohort having at least one cold in the previahsee months. The lowest reported
respiratory symptom waoisy breathing not from the cheQuith only 9.34% (n=24) ohé
cohort reporting Hoisy breathing not from the cheQtThe prevalence of the respiratory

symptoms in the previouthree months per 100 infants are shownfigure 72

Colds NN 56
Wheeze I 31

Cough (without a cold) I 81

Rattly Chest 38
€
] Sorthness of Breath 21
Q
; Snoring 63
n

Rapid Breathing I 14
Noisy Breathing From Back of ThroJillllllllill 16
Noisy Breathing Not From CheJillll 9
No Respiratory SymptomJilill 6
0 20 40 60 80 100

Number of Infants (per 100)

Figure72: Respiratory symptom prevalence ah the three months prior to22 monthsold in the
LBBS
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Respiratory symptom prevalence in Those Edpos® Unexposed to Risk Factors

Sex
Females had higher prevalence of wheeZe=4.85 p<0.05 DF=and colds (>=5.38p<0.05

DF=1}than males at 22 months of age.

Maternal Age

KruskalWallistesting showed there was variation in the prevalence of coltts1(3.15 p<0.05
DF=5Jn infants born to mothers of different ages. Post hoc analysis showed that infants born
to mothers aged 224 had a higher prevalence of colds than those born to mothges 25

29 (2=4.62C A & KESaMtIT@st p=0.0495 DF=Those born to mothers aged 3% had a
higher prevalence of colds than those born to mothers aged402=5.46C A & KESatD) &
Test p=0.033 DF=1). Those born to mothers age?i®2and 3634 had a laver prevalence of
colds than those infants born to mothers aged-3%(.2=10.09 p<0.05 DF=1 ané=5.83
p<0.05 DF=1 respectively).

Maternal Qualification

KruskalWallistesting showed there was variation in the prevalencenbieeze(.?2=12.06

p<0.05 DF=5 cough(.2=13.62 p<0.05 DF=5), rattily chest=18.79 p<0.05 DF=5) and

snoring(.2=17.15 p<0.05 DF=H) infants born to mothers with different levels of education.

Post hoc analysis revealed infants born to mothers with a post graduate degreehigttea

prevalence of wheeze, cough, rattily chest and snoring than those who attended higher

education (2=5.28 p<0.05 DF=12=8.54 p<0.05 DF=1,2=7.07 p<0.05 DF=1 and=4.13

p<0.05 DF=1 respectively)y R (K2 &S S#Bi#Kp<mos PR=C &6.39 p<0.05

DF=1,.2 =10.91 p<0.05 DF=1 and=7.89 p<0.05 DF=1 respectively). Those with no

qualifications had a higher prevalence of whegattily chest and snoring than those with

D/ { 02@337C A 4 KESabLIlest p=0.040 DF=1=5.63C A & KE&MIest p=0.037 DF=1

and .2=10.0C A & KESadtl¥ast p=0.003 DF=1 respectively). Those with infants born to

mothers who attended higheeducation andi K2 8S A GK D/ {9Q& KIR | f2gSN
NFGdAte OKSald GKFYy (K2 455%€2 4 KSaRDetpE00IOND  |j dzt A T
DF=1 and?=9.78C A & KESatITést p=0.004 DF=1 respectively). Infants born to mothers

with no education had a higher prevalence of snoring than those who attended higher

education (?=7.53C A & KESabtXlest p=0.00BF=1) as did those born to mothers with A

f SPgSta O2YLI NBR (2 (K2 Aa.5486p40050F21). Y20 KSNER 6AGK D/
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Smoking Exposure
Unexpectedly in this cohorthbse exposed to tobacco smoke in the lastmonths had a

lower prevalence oSoBthan those who were not exposed=4.52 p<0.05 DF=1).

Nursery Attendance
Those who attended nursery had a higher prevalence of cotfgi® (20 p<0.05 DF=1$0B
(-2=5.08 p<0.05 DF=1), snoriag=8.95 p<0.05 DF=1) and co{d%=9.28 p<0.05 DF=1) than

those who did not attend nursery in the lastxmonths.

Health Care Service Attendance at 22 Months

23.74% (n=61) of the cohort attended the GP in the previbtese months at 22 of life with
respiratory symptoms. 5.45% (n=14) attended hospital with respirasymptoms. GP
attendance was increased in those who were exposed to tobacco smoking in preghancy but
not maternal smoking.¢=4.32. p<0.05 DF=1). Health care use in different maternal age

categories and maternal education categories are showigimes 73 and 74

WGP Attendance Hospital Attendance
25

20

15

: I
0

20-24 25-29 30-34 35-39 40-44
Maternal Age Group

Percentage of Cohort
ol

Figure73: Percentage of the cohort that attended their GP or hospital with respiratory symptoms at
22 monthsof life by maternal age group

m GP Attendance © Hospital Attendance

Degree or Higher A Level GCSE Other None
Higher Education

35

Percentage of Cohort
= = N N w
o ol o o1 o O o

Maternal Education Group

Figure 74Percentage of the cohort that attended their GP or hosgiwith respiratory symptom:
at 22 months of life by highest maternal qualification attained
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The Impact of Respiratory Symptoms on QoL in Mont#2216

The impact of respiratory symptoms on the QoL of the infant and their families in months 16

22 are summariseih figures 75 and 7.6I'he QoL of 41.2% (n=106) of the m&ain the cohort

gla FFTFSOGSR @ GKSANI NBaLA NI (2 Nbothérgwgredi 2 Ya | YR n

A X 4 A x

o
F TTSOGSR 68 GKSANIAYTEYGQa NBALANI G2NE aedvylLiizvad

Tired 19
<)
o Low Activity [ 16
1S
8
= Wok
= e I
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g
= Reduced Feeding||j|| | | | G 22
No Efecton i o I -
0 20 40 60 80 100

Number of Infants Effected (per 100 Infants)

Figure75:¢ KS A YLI OlG 2F NBALIANI 02NB RAaSIFaS 2y 0GKS AyTFlrLyaQ
infants)

Worry 29

Disturbed Sleep [ NG 30
Adjustment of Life ||| | I 17
Limited Maternal Activity ||| [ [ l 1o
No Effect on Parents Qo_ 59
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Number of Mothers Effected (per 100 Mothers)

Effect on Mothers QoL

Figure76:¢ KS A YLJ OG0 2F NBaLA NImbthed®Ba RAZA[S IlalS ey Yi2KySh K&y FA W (0K
(per 100 infants)

KruskalWallistesting reveded differences in QoL scores iofants born to mothers with
different levels of education.£=19.69 p=0.001 DF=5Post hoc testing revealed those with

a degree or postgraduate degree had a worse QoL due to respiratory symptoms than those
02Ny (2 Y2U0KSNA ¢6K2 FOGGSYRSR KAIKSNI SRdzOlF GA2y 61
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qualifications (p=0.049T.hose infants born to mother with no qualifications had a worse QoL
GKIFIYy GK2aS AyFlyda 02Ny (G2 Y2U0KSNR 6AGK 20KS
those who atterled higher education (p=0.006).

KruskalWallistesting revealed differences QoL scores of the families of infants born to
mothers with different levels of education{=19.69 p=0.001 DF=5Post hoc testing

revealed those families with infants born to mothers with a degree or postgraduate degree

had a worse QoL due to respirayosymptoms than those born to mothers who attended
KAIKSNI SRdzOI GA2Yy 6 LI n & Ahosetfam@ieNwitk infRntsord 9 Q& 0 L
mothers with no qualifications had a worse QoL than those infants born to mothers with

other qualifications (p=0.015) D/ { 9 Q& -lévelf (p-®0¥E) and Fhosé who attended

higher education (p=0.006). Those families with infants born to mothers wiglvéls had a

g2NBRS v2[ GKFry GK2&aS 6K2 KIR D/ {dedonighers LI' n ®n
education (p=0.044).

{LISFNXYIFYyQa NIyl O2NNBflIGA2y lylfeara akKz2gSR
correlated with higher QoL domain scores indicating a worse el 756p<0.00). Thisis

shown in figure 77

40—
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Figure 77: Scatter diagram of respiratory symptom score and quality of life score at 22 month



3.6-Longitudinal Analysis
The longitudinal analysis of the LBBS data is shown bdlowgitudinal analysis was

performed bymultilevel mixed effectsnodel analysis. The final mulével model hadhree
levels; 1.IMD decile, 2.Matnal Education, 3.Questionnaire. The development of this final
model is described in section 2.27Bnae final multievel models and their coefficients and
significance levels are shown in the tables bel®tvwe longitudinal analysis has allowed the

following aim of this thesis to be achieved;

1 To determine the change in the LRSQ scores over time and the variability in this

change between different population groups in the LBBS.

3.6.:Total LRSQ Score
Nursery attendance, being male and living in a housetiitld other children increased total

LRSQ score over time. Sharing a bedroom and breastfeediran focreasing amount of

time, up to fourmonthsof age,decreased total LRBscores over time. See table.21

Table21: Multi-level mixed effects model for Total LRSQ scores

Exposure Increase/Decrease Scori Coefficient 95% Cl p
Nursery Increase 5.44 3.757.13 <0.001
LYFlyiQa Boys > Girls -2.02 -3.43-0.62 0.005
Sharing a Bedroom Decrease -1.75 -3.21--0.28 0.020

IncreasingBreasteeding
. Decrease -0.75 -1.34--0.16  0.013
Time
Other Household

Increased 2.11 0.67-3.56  0.004

Children

3.6.2Day Time Symptoms
Attending nursery and being male incredselay time symptom score over time.

Breastfeedingor an increasing amount of timeyp to four months of age decreased day

time sympbm score over time. See table .22

Table22: Multi-level mixed effects model for domain 1 (day time symptoms)

Exposure Increase/Decrease Scor¢ Coefficient 95% ClI p
Nursery Increase 0.91 0.661.17 <0.001

LYTLyidQa Boys > Girls -0.31 -0.53-0.10  0.004

WA Decrease -0.11 -0.20--0.018 0.018

Breastfeeding Time
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3.6.3Nighttime Symptoms
Attending nursery, being male, increasing number of household children and increasing

weight increase night-time symptom score over timeBreastfeedingfor an increasing
amount of time, upto four monthsof age,decrease night-time sympbm score over time.
See table 23

Table23:Multi -level mixed effects model fodomain 2 @ight-time symptoms)

Exposure Increase/Decrease Scor¢ Coefficient 95% ClI p
Nursery Increase 1.03 0.731.32 0.001
LYFTFyaQz Boys > Girls -0.43 -0.67--0.18  <0.001
# Household Increase 0.27 0.100.43 0.002
Children
Birth Weight Increase 0.00020  0.00010.0004 0.038
Increasing Decrease -0.10 -0.20-0.008 0.071

Breastfeeding Time

3.6.4Symptoms with Colds
Nursery attendance, being male, living with other household children and increasing birth

weight increased symptoms with colds over timkafng a bedroom reduces symptomtiwi

colds over time. See table 24

Table24:Multi -level mixed effects model for domain 3 (symptoms with colds)

Exposure Increase/Decrease Scori Coefficient 95%ClI p
Nursery Increase 1.68 1.252.11 <0.001
LYFlLyidQa Boys > Girls -0.32 -0.67--0.03  0.077
Shares a Bedroom Decrease -0.72 -1.09--0.35 <0.001
Other Children Increase 0.47 0.11-0.83 0.011
Birth Weight Increase 0.0001 -0.00003 0.079
0.0005

3.6.5Symptoms without Colds
Nursery attendace and being born preterm increased symptoms without colds over time.

Breastfeeding for an increasirgmount of time, up to four months of age, decreases

symptoms without colds ovehe first 22 months of life See table 25



Table25:Multi-level mixed effects model for domain 4 (symptoms without colds)

Exposure Increase/Decrease Score Coefficient 95% ClI p
Increasing
i i Decrease -0.14 -0.21--0.07 <0.001
Breastfeeding Time
Nursery Increase 0.25 0.06¢0.43 0.011
Preterm Birth Increa® 0.18 -0.03-0.39 0.099

3.6.6Symptoms on Increased Activity
Nursery attendance, being male, and a family history of atopy incdeagmptoms on

increased activity scores over time. Breastfeeding for an increasimaunt of time, up to
four monthsof age,and increasing gestational age decreased symptoms on increasedyactivit

scores over time. See table.26

Table26: Multi-level mixed effects model for domain 5 (symptoms on increased activity)

Exposure Increase/Decrease Score Codficient 95% Cl p

Nursery Increase 0.33 0.150.52 <0.001
Increasing

) ) Decrease -0.10 -0.17--0.03 0.003
Breastfeeding Time

LYTlydQa Boys > Girls -0.21 -0.37--0.06 0.08
Gestation Decrease -0.03 -0.062 0.004 @ 0.082
FH Atopy Increase 0.14 -0.02-0.30 0.079

3.6.7-Other Respiratory Symptoms
Being male increased other respiratory symptoms scores over time. Breastfeaaditagy

amount of time and increasing gestational age decreased other respiratory syngsoores

over time. See table 27

Table27: Multi-level mixed effects model for domain 6 (other respiratory symptoms)

Exposure Increase/Decrease Score Coefficient 95% ClI p ‘
LY Tl ydQa Boys > Girls -0.21 -0.38-0.038  0.016
Breastfeeding Decrease -0.07 -0.14-0.003 0.059
Gestation Decrease -0.03 -0.07-0.0009  0.057

3.6.8Childs QoL
bdzZNESNE FiGSyRFYOS yR AYONBF&AYI ydzYoSNI 2F K2 dz

due to respiratory symptoms over time. Sharing a bedroom, breastfeddiran increasing
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amount of time,up to four months of age and unexpectedly household tobacco smoke

exposure improved theeportediy” F | Qdl6vér time See table 28

Table2&Multi-ft S@St YAESR STFSO00Ga Y2RSt -RighdtbcBrandicatess T O Ay
worse quality of life)

Exposure Increase/Decrease Score  Coefficient 95% ClI p
Nursery Increase 0.63 0.400.87 <0.001
# Household Children Increase 0.38 0.240.50 <0.001
Sharing a Bedroom Decrease -0.31 -0.51--0.10 0.004

IncreasingBreastfeedng
Decrease -0.09 -0.18-0.01 0.023
Time

Home Smoking Decrease -0.34 -0.60--0.08 0.011

3.6.9Family QoL
Nursery attendance, other household children, being male, and a FH of atopy dettease

parent<X)oL over time.Parents tomfants who wee breastfed for an increasingmount of
time, up to four monthsof age,and shaed a bedroomhad animprovedQoL ovetime. See
table 29

Table 29:Multi-level mixed effects model for domain & Y 2 (i KgS8aNtR &f life- higher score
indicates worse quality of life)

Exposure Increase/Decrease Scor  Coefficient 95%Cl
Nursery Increase 0.62 0.330.90 <0.001
Other Household Child Increase 0.42 0.17-0.67 0.001
LYTlLyidQa Boys > Girls -0.29 -0.53-0.05 0.019

Increasing

Breastbeding Time Decrease -0.11 -0.21--0.007 | 0.035
FH Atopy Increase 0.25 0.0040.49 0.046
Shares Bedroom Decrease -0.25 -0.50-0.005 = 0.055
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3.7-Questionnaire Validation

This section describes the validation of the LRSQ in the LBBS. This allowed the following aim

of this thesis to be achieved;

1 To validate the LRSQ in a longitudinal study.

The internal consistency of the LRSQ was assassed y 3

I N2y ol OKQarhel f LIK I

questionnaire demonstrated acceptable to good internal consisteNmhttime symptoms

YR W23GKSNJ NB&aLANI (2 NE
NBYIFAYAYy3d R2YlIAYya
SEOSttSyld AYyOGSNyl ¢

shown intable 3Q

aeyLizvyaQ akKz2¢SR |
aK2gSR 3I22R AYOISNYylLrt Oz
Oz2yaraitasSyde ohdpmands) ¢

Table30: Cronbacl® @lpha coefficiens for the LRSQ@omainsin the LBBSohort

Domain
1- Day Time Symptoms
2- Night-time Symptoms
3- Symgoms with Colds
4- Symptoms without Colds
5- Symptoms on Increased
Activity
6- Other respiratory symptoms
7- ChildQ @oL
8-Cl YAt éQa v

Cronbach Alpha
0.81
0.77
0.86
0.81
0.85

0.78
0.85
0.86

Internal Consistency
Good
Acceptable
Good
Good
Good

Acceptable
Good
Good



Chapter 4 Discussion

The aims of theurrent thesis were to;

1 To create a profile of the infants and mothers enrolled in the LBBS and make a
comparison with the population of Liverpool and those born in the LWH.

I To describe respiratory symptoms of preschool children using the Lie®pifth
until 22 months of age

1 To determine the differences in LRSQ scores in the different populations at each
guestionnaire time point.

1 To determine the change in the LRSQ scores over time and the variability in this
change between different population groups metLBBS.

1 To validate the LRSQ in a longitudinal study.

These aims have beethievedby analysinghe LBBS$lata using the methods describes in
section 2.2. The results found in chapter three are discussed below. The results are
summarised and then discussén line with previous findings. Unexpected results and the

potential reasons for them are discussed in detail.

4.1-Recruitment and Response Rates
Recruitment was performed by MPhil students in the LWH and by respiratory physicians

during CFdiagnosiscorsultations.The use of facéo-face recruitmentin the LBBS;ather

than using postersand advertisingalone is likely to have increased participation
Recruitment was reduced over Christmas and there were recruitment breaks for one week
during April 201&nd throughout August 2013 hese breaks werdue to a laclof available
recruiters during holidays and at other times due to the lack of MPhil students being available

to take ownership of the study.

Recruitment from a tertiary centre that provides cacethe whole population of Liverpool

has given the study access to the majority of birthihe study areaThe use of the LWH also
meant routine datavas available on all the eligible births in th&lH. This datallowedthe
comparison between the LBB8hort and those born in the LWH. It was shown that although
there were some discrepancies between the LBBS cohort and LWH births, the cohort was
fairly representative of the white population of the infants born in the LWH. The majority of
discrepancies add be reduced with weighting during analysis, which makes the results of

the LBBS more valid.

18.84% of all the eligible births in the LWH declared their interest in participating in the LBBS.

This is low compared to the 698&pression of interesthat was produced during the pilot
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study of the recruitment strategy, however the research team may not have fully anticipated
the workload requiredor both recruitment and administration of the study. Thi®tkload
increased as the study grew artdd may be ridected in these recruitment rate©therbirth
cohort studyrecruitment strategies have led t@cruitment ofbetween 50% and® of the
eligible population (135, 144) regional cohort studies report between 84.3&hd 50%
recruitment (141, 144) Recruitment ratesin the current study are therefordisappointing

whencompared to other similar studies.

A significanfactor in thepoorrecruitmentrate is thatthe studentsdid not haveaccess to all

the eligiblebirths, as they were onlypresent in the LWHour days a weeknfants who had

an uneventful deliveryand a short postnathstayare likely tohave been missed. Figures of

all the eligible births in the LWH hospitabtained from Professor Ben Shawcluded those
infants whodied very shortly after birththe recruitment team are likely tdhave missed
these As the study progressethe recruitment teanreducedfrom two persons to one; the
workload for one person taun a cohort study ashrecruitparticipantssimultaneouslyneans

that it is likely to have beemmpossible to recruit all afhe eligible births. Previous studies
KIS dzaSR YARGADBSE | YR th®dtubidgsand Bavedded iNutmked Y 2 0 KS N&
antendal or postnatal questionnaires at time of delivery. This means mothers who attend
for any form of antenatal carare asked to participate in the study and eligible births are less
likely to be missedJsingmidwifes to help with recruitmentluring mothersprenatal caran

the current studywould havemeart eligibleparticipantswere less likely to have beanissed

by the recruitment teamThe LBBS did not have a translated version so mothers who did not
speak an appropriate level of English could not baseat or reliably complete the
guestionnaire andvould not be included. The use of a translated version of the LRSQ would
increase access to the study, and may reduce the under representation of the minor ethnic

groups.

Recruitment at birthin the LBB$educed the long term recall bias of thisk factors during
pregnancy the mothers only had to wafbur months to describe these risk factors which is
a relatively short period of time when compared to some other birth cohort studies.
Recruitmentwas throudpout all seasons of the yeaemovedany seasonal variations in birth
and disease patternsChis isa strength of the study that many birth cohorts (which only

recruit for one week of the year) do not poss€$34-136).

Overall, recruitmenin the LBBSvasdisappointing, however the response rates shown the
LBBS can be accounted for and is understandable givelmthation of personnel and the

workload required during recruitment for a study of this scale.
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Respnse rates in the LBBS overall are somewhat disappointing. 29.6% of the mothers who
declared their interest in the study, equating to 5.57% of all the eligible higénge consent

and completed questionnair@ne when their child wagour months old(defined as study
enrolment) Of tlose enrolled,54.0% responded at 10 months, 39.6% responded at 16
months and 37.0% responded at 22 months. Drop out from the study was initially high, but

has reduced as the study has progressed.

Drop out was reduceih two ways. Threereminderswere sent to participants at weekly
intervals if they had notompleted a questionnaire andkirthday e-card was sent to the
participant on theirA y ¥ lbiythid&yAThe use of reminders and birthdeycards has been
used elsewhere andhswn to be beneficial (49) so it is likely to have enhanced the
participation in this study. The initial respse rate of 29.6% disappointing in comparison

to other birth cohort studiesThis may be due to@mbination ofcontributing factorsAlong

with the low recruitment ratein the LBBS, mothers had to wéur monthsafter declaring
their interest in the LBBBefore givingconsent andcompleting the first questionnaire. In

2 0 KSNJ a i dzR & Q anent af rsSfactons foridisdade hds BedrSagiséssed before birth
or immediately postnataly by midwives(136, 141, 143)Waiting four months before
beginningthe study may have contributed to the initial drop outinferested mothers. The
Breathmobile study seda $25 school supply gift vouchesanincentive toparticipate which
successfully increase response rates to their questionn@b@ Mothers mentioned this
during feasibility testing for thestudy as a way of increasinresponse rates. This was
unfortunately not feasible in the current study. When previously used the LRSQ produced
response rates of 64% and 56% when sent by (gst6) Although this is somewhat higher
than the response rate in the LBBS the comparison must be must with caution dbe to t

difference in study designs.

Drop out from quesonnaire one to questionaire fouris fairly high compared to other
similar studies. The ALSPAC study was able to trace 97.4% of its caworyaars giving a
2.6% drop out over the firdgtvo years compared to 63% drop out in the current study. The
highest drop out in a sirfar study was 15.7% in the first year and 26.1% over thefiuest
years. Similar to the results for recruitment, this may be dudirtated personnelbeing
involved with the sidy. Qher cohort studies are linked to national databasesrmoived
schoolgto track changesf address and have personnel dedicated to reducing attrition. The
current study relies heavily on email addresses and participants giving correct information. It
has not had theresource to fully investigate participant who did not respod to

questionnairesto maximise participation. Other cohort studies, particularly national birth
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cohorts, have produced low attrition rates, but have had the benefit of tracing the
participants using their schools, something that is just not possiblepreschoolcohort;

these studies showed a much higher dropout rate once participants leave school and become
harder totrace (134-136). Likewise, in the other cohort studies there were massive efforts to
improve reruitment and reduce attrition rates by contacting and tracking missing
participants(142) This has not been possible in tktsidy for a variety of reasongostly

due tothe limited personnelin the study team

Another contributing factor to the high dropout may be that the study changed to a fully
online study; this reduces the accesstloe whole population of the cohort as not alf the

cohort may haveomputer access. This adds a potential source of bias. On the other hand as
shown in the Aberdeen Cohort Study, the use of an online system can be more accurate and
prone to fewer mistakes than traditional paper based questionnaires which may have
benefited the study overa(lL38)

In previous studies a good relationship between the study and participants has been built to
reduce attrition. This has been done usibgthday e-cards, newsletters andaebsite (49).

This is an area wherthe LBBS may have neglect@ae fully online system sent out birthday
e-cards and the studhiad a welsite and asked if the participants would like to receive a
newsletter, the website was very rarely updated and newsletters were notregniarlyto

the cohort. This is likely again to have been down the workload for a very small research
team. Taking ths further the study could have used social media to build a better relationship
with the cohort, and better advertise the study. The use of advertisement before the study

in the loM cohort study lead to very high participation rates and low attritates (140)

Although unintentional, nce participants missed a questionnaire they were not sent any
further questionnairesThis will have led to a dropubin participants who had not intended

to leavethe study, buthad not completed a questionnaire for a variety of reasons. Had this
not been the case the dropout rates earlier on in the study may have been significantly less.
Between questionnairesthree and four drop out reduced dramatically. This is due to
participants who had not completed the previous questionnaire being invited back into the
study; inviting participants back to the study after missing a questionnaire has been done
before in the ALSPAC study to reduce attritip89)

Conclusion
Overall, recruitment andetention in the LBB®as beerdisappointing This ignost likely to

be due to thdimitation of personnel involvedh the study, and due to the large time waited
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from expression of interesthortly after birth to enrolment atfour months of ageThis large
amount of dropout has caused bias within tis¢éudy that required adjustmentduring

analysis. Bsults and conclusions taken from the study must be approached with this in mind.

4.2-Profiles of Mothers irthe LiverpooBaby Breathing Study
Mothers in theLBBSvere older, less deprivedess likely to smoke in pregnancy and more

likely to breastfeedhan the mothers to eligible birthsn the LWH and the population of

Liverpool Theywere more highlyeducatedthan the population ot.iverpool

National cohort studies havereviouslyproduced cohorts with similar characteristics to the
population of Englandhoweversmaller regional studies have found it more difficult to be
representative of the study populatn. For example in the ALSPAC study, mothers were
more likely to be white, own a home and car, be married and have a higher socioeconomic
status and live in anwercrowded home that the eligible populatigii39, 162) The BiB
cohort contained oldemnore educated mother¢49, 163,164p ¢ KS t L! a! ofd ( dzR& Q2
mothers was more highly educateahd more likely to breastfeed than the population of the
Netherlandq144) Thedifferences between the LBBS cohand the eligible populatiomay

be characteristiof smallcohort studies. It could be argued that the nechighly educated
population are less likely to smoke in pregnaangd more likely to breasfieedand this is has
producedbiasin the LBBS. This, isowever, a fairly sweeping statement and would need
further investigation before making formal conclussonAnother reason for these
discrepancies in smoking and breastfeeding could be due to social desirability bias. It is well
documented that socially desirable characteristics are over reported in questionnaires and
undesirable characteristics avmderrepated in questionnairg165) The over reporting of
breastfeeding and underreportingf @moking have both been shown in previous studies
(166, 167)

In a study of infants witlsevere bronchiolitis, successful follayp was more likely irthose

with private health carethose who had higher income, femateand fromhouseholds with
fewer than three children(168) In the LBBS the mothers that responded were ligsty to

be deprived which mimicthe bronchiolitisstudy. The importance of socioeconomic status
in a respiratory study ihiverpoolisimperative due the deprived nature of the population of
Liverpool(13)and the well documented risk of socioeconomic status on respiratory health
(56, 65, 66)The LBBS cohort was less deprived than that of the populatibivefpooland

the eligible births in the LWH. Thigas acounted for during analysis of this study so
conclusions were valid and could be applied to the populatidrivafrpool This was done by

factor weighting during crossectional analysis and by using IMD decile as a level during the
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longitudinal multilevelmixed effects model analysiShe use of IMD deciles in the LBBS has
unfortunatelyled to relatively few participants the least deprived decileJhis may have
skewed the dataduring analysisAnalysis of the LBBS may hde=n betterand produced

resuts more concordant with previous findingsjuintiles had been used

It was shown that over the course of the stuthat less deprivedplder, more educated
motherswho breastfedand did not smoke in pregnaneyere more likely to remain in the
study. Thee differences were reducetd some extent by adjusting the data usifagtor
weighting at each time point during crossectional analysiso as to represent the eligible
births in the LWH. Using IMD decile and maternal qualification as model levelstamatou
for this in the longitudinal analysis of the study. Unfortunately, with the exception of
socioeconomic status, thieaconsistency in drop out wasot campletely removed from the
study.Therefore any conclusions made in the study, especially as thg stasigrown older,

must take this into consideration.

4.3-Profile of Infants in theiverpoolBaby Breathing Study
The LBBS cohort haginilarmale to female ratio and similamproportion of multiple births

to the population of LiverpoolThe ethnicityof the cohort was predominantly white, with a
KAIKSNI LINPLRNIAZ2Y 2F YAESR S{KyivepdoliTaisi® | 68 Q&
likely to be due to the questionnaire only being available English. Therefore the conclusions
drawn from this study musbe used with caution when applying them to infants of the
underrepresentedminor ethnicities.Poor representation othe minorethnicities has been

seen in preious cohort studies in Englaf@i35, 169)

The LBB8ohort had more preterm babies compared to all the births at the LWH during the
recruitment period. This however could be due to preterm babies having increased length of
stay in hospital after birth due to complications and monitoring. This would meanwlere
more likely to berecruited compared to term babies whose stay in hospital after birth is
shorter. The LBBS cohort had a similar proportion of low weight births in the cohort
compared to all the eligible births in the LWH during the recruitmenigaeHowever it had

a higher proportion of low weight births compared to the population of Englém@014,
Liverpool as a whole had a similar proportion of low birth weight births compared to all the
births in Englan@170) The higher proportion of low birth weight births in the LBB&y be

due tothe recruitment centre (the LWH) beingertiary centre for the whole oLiverpool
Mothers to low birth weight Bbies may be more likely to attend the LWH than their general

district hospital and therefore are more likely to be recruited into the sti&hbies born with
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a low birth weightare more likely to have an increased duration of postnatal stay in hospital

soare more likely to be recruited into the LBBS.

Overall although the profile of the infants enrolled in the LBBS did not represent all the
eligible birthsin the LWH or that ofLiverpool However the LBBS cohort & good
representation of the white popation of the Liverpoolgiven themethods of reruitment

and workload for the smalksearch team.

4.4- The Clinical Relevance of the LRSQ Score
The LRSQ is a measure of parental reported symptoms and impact of quality of life. It is a

measure of what is pantally important and is not a clinical measure of disease severity.
Therefore a clinically significant difference in scores between those exposed and not exposed
to risk factors is difficult to determine. What difference in questionnaire score represents
parentally important difference is yet to b#rmally established. Further studies and
discussions with mothers to determine a parentally important difference and possibly a
clinically significant difference in LRSQ score would be beneficial. It walkd future use

of the questionnaire more clinically relevant and meaningful.

This being said, the LBBS study has shown which risk factors may increase or decrease the

LRSQ score in preschool infants. An increased LRSQ score may mean clinically tflaatt the in
may have a larger variety of symptoms, more frequent symptoms or a combination of the
two. A larger the difference in LRSQ scbetweenthose exposed and unexposed to risk
factors is more likely to be a clinically significant as this indicates megednt or a larger

variety of symptoms in an infant. A larger difference in score may be the difference between

KFE@Ay3a advyLlizya WSOSNE RI@Q NFGKSNIJ GKIFYy Wi

symptoms. A statistically significant result maymever, be due to a small increase in LRSQ

score. This may not be clinically significant. A small increase in score may be due to having

'.F

2y$S aayvYLizyY waz2yY$S RIe&aQ NIGKSNI GKIy W T8

interpretation and may not be dlically significant when measuring symptoms over the

previous 3 months.

Interpretation of the LBBS results must be approached with this in mind. The LBBS has

successfully shown which risk factors and exposures may affect the LRSQ score in infants.

This stéistically significant change in score may not be clinically significant or parentally
important. However, an accumulation of many risk factors which have an effect on LRSQ
score is more likely to cause a parentally important and clinically significamgehiz

symptoms.



4.5 Crosssectional Analysis
Thecrosssectionalanalysis of the data in the LBBS has allowedi#seription of respiratory

symptoms inpreschool children from birth until 22 months of ageLiiverpool Analysis

compared LRSQ scoresymgom prevalence and health care service use between those

exposed and those not exposed to risk factors for respiratory disease at eactfotittiene

points studied.

4.51-Sex

Male infants consistently had more respiratory symptoms than females froth tor 16

monthsof age. Femalelsowever, had more respiratory symptoms than malk#s22 months

of age Males had higher LRSQ scores at 4, 101&nchonths At four months maleshad a

higher prevalence cfoBand noisy breathing and attended their GP méneguently with

respiratory symptoms than femalest 10 months males had a higher prevalence of cough

and SoBand were more likely to attend hospital with respiratory symptoms than female

infants. At 16 monthsmales were still more likely to attend theospital with respiratory
aeyLlizvya GKFy FSYFES AyFrydad . @ HH Y2Y(IKA K24S0J
witKk O02f RaQ &aK2g¢éAy3d | ofaréspidtay synyptoniiskrém rmdesSwl t Sy OS
females The increasedespiratory symptoms in males isdha detrimental effecon their

QoL at 10 and 16 months and their families QoL throughout thetfirese questionnaires.

In previous work it habeen shown that males wheeze more frequently amd more likely

to have a physician diagnosis of asthma aadhbspitalised due to their asthma than females
throughout the firstfive years oflife (25, 46) It has been shown previously that mafesm
Liverpoolare at an increased risk of asthritb1) Although most of therevious findings
concentratesolely on vheeze and sthma diagnosis, the LBBSs given similar results in
showing that males have more respiratory symptoms earlier on in life than females. The
prevalence of noisy breathing was highemmales atfour months than femalesThis may

well havebeen wheeze thatvas wronglyidentified asHoisy breathing from the thro&br

Gy 2Aae oo thekchegHue to lack of parentadxpertise in identifying wheeze.
4.5.2-Multiple Birth

There is very little published work on the effect of multiple births on megpry symptoms.

No differenceswere observed in the LBBfgtween infants borras part ofa multiple birth

and those born as single births. Due to the very small population of infants from multiple
births in this cohort, this study would not be suitablerfr which to draw conclusions. A

further study with a larger population of multiple births would be more appropriate.
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4.5.3-Ethnicity
Due to the underrepremntation of minor ethnic groups, thever representation of white

and mixed race infants in the colicand the unequal drop out between different ethnic
IANRdzLJAZ GKS O2K2NI ¢l & aLJ) Al Therefoiezondiugidhd G SQ |
relating to the ethnicity must be treated with caution. This uneven drop out, very extreme
groupingalong with K S avYlr tf alyYLX S &aAl S 2F WwW20KSNI SiK

results to beunreliable andnconsistentwith previous findings

Although there was no difference in total LRSQ score or domain scores between white and
other ethnicities atfour months, white infants had a higher prevalence of rattily chest,
snoring, and rapid breathing compared to other ethnicitiés10 months white babies had

a higher LRSQ scores compared to other ethnicities. The prevalence of wheeze and rattily
chest was higher in kite babes than other ethnicities. These results were mimicked in the
QoL scores for white infants and their familiéé.22 months other ethnicities hadhigher
scoresF 2 NJ WA YLIi2Ya éylmptdma daincréagetizA® ALGyeR) W

The millennium cohdrstudy found that in the firsthree@ S N& 2F €t AFS .t O
NBELR2NISR KAIKSNI NI GSa 2F WSOSNI FadKYFQ FyR
Britaing KSNB I & . Fy3fFrRSAKA LR LJzZ FdA2y NBMRNISR |
In the analysi®f the LBBSohort we combined these two populations so atigcrepanies

in respiratory symptoms between these ethnicities may have been missed. The Leicester
respratory cohortobservedhat Suth Asianinfantshad a lower prevalence of wheeze than

the white infant population of England but they attended hospital more freqtly (172)

Again in the current study if this relationship was present it may well have also been missed

due to the grouping of the populations.

4.54-Maternal Age

At four months infants born to younger mothers had higher LRSQ scores than children born

to older mothersTheprevalence of wheeze, rattily che&oBand rapid breathing was higher

in infants born to younger mothers than those born to ednothers. The percentage of

infants attending GP and hospital decreased as maternal age incregasssibly reflecting

confidence of older mothers to manage minor illness in the youngest of inf&itsilarly at

10 monthsinfants born to younger motherhad higheL RS@cores than those born to older

mothers. There were a few exceptions to this rule. Infants born to mothers aged over 45
8SIFNAR KIR KAIKSNI a02NBa WoAilGK Ozatamddhigheii Ky A
a02NBa W2y | Oliok BHATidthels uidér 129/ yeaisk/A &tonthsthe trends

between younger mothers and infant respiratory disease becdess consistent and
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convincingtherewas no clear trend in the results when comparing age groups. At 22 months
drop out caused the lossf the categories of mothers under 20 and over 45 years. At 22

months there was no obvious trend betweegspiratory symptoms and maternal age.

The general trend throughout the study has been that infants to younger mothers had more
respiratory symptomshan infants born to babies of oldenothers particularly in the first

10 months of life. In previous work there is mixed consensus of the effects of maternal age
on respiratory health in infancy. It has been shown that infants to younger mothers are more
at risk of LRTI in the firfdbur months of life(173) and that infants born to mothers at the
extremes of reproductive age were assaethwith early remitting wheeze. This being said
the same studghowedlow maternal age was protective of persistent and relapsvhgeze

(77). Our study agrezwith these findings somewhait early survey pointsn the LBB#m

& 10m)the relationship between maternal age and respiratory disease is more convincing
than in the second half of the studitém & 22m) The inconsistent relationship between
maternal age and respiratory symptoms in the second half LBBSendue to the small
sample size of thagegroups at theextremes of maternahge Drop out caused the loss of
infants born to nothers aged less than 20 year aoder 45 years. Because of thigdings
related to the extremes of maternal age must beated with caution. This relationship
shown between maternal age and infant respiratory disease in the first 22 months of life may
be due to confounding factors which are more apparent in younger mothers than in older
mothers. Thishowever, requiresfurther investigation. In the early stages of the study
younger mothers atteneld G and hospitag with their infants due to respiratory symptoms
more frequently than older mothers. Although this matches the trend of respiratory
symptoms in the LBBS, it must @§eestioned if this trend is due to parenting experience or

if there is a physiological explanation for this.

4.5.5-Maternal Education

At four months the prevalence of rattily chest ai@Bwas lower in those infants born to
mothers with a higher level edducation compared to those born to mothers with a lower
level of education. Likewiseehlth care attendance was higher in those infamtose
mothers hadess education. The only exception to this was that no infaots to mothers

with no qualificationsattended hospital in the firstour months of life. This may be due to
lack of access to healthcarthe small sample size of infants born to mothers with no
qualificationsor the due to poor symptom ra&gnition bythe least educateanothers At 10
months the general trend in the results was that thosern to mothers with ahigher

education had lower scores fo#laytime symptom®) Wanptoms without coldQand



Wymptoms on increased activiyThe only exception to this trend was that infants born to
mothers with Alevels had higher scores than those who had no qualificatsord other
qualifications for8ymptoms with coldSand 8ymptomson increased activi@ These trends
were mimicked in GP and hospital attendance and QoL domains for both the inthttiein
family. However those who had no qualifications had no attendance to health care; this could
be due to similar reasons discusseda@ir months At 16 months infants born to mothers
who hada higher level of education had a lower prevalenctlofsy breathing not from the

chestand rapid breathing than those born to mothers who were less well eddcat

In general total LRSQ score decreased with increasing education at 22 months. Contrastingly
domain analysis shows increased scoring in both thet mdscated and the least educated.

This trend was mimicked in symptom prevalence and QoL scoring. For example infants born

to mothers with a post graduate degree had a higher prevalence of wheeze, cough, rattily

chest and snoring than those who attende@f SNJ SRdzOF GA2Yy | yR (GK2as$s
asthose with no qualifications had a higher prevalence of wheeze and rattily chest and
AYy2NAY3I GKFyYy {Kkkas infardtsibérn © /mptBefsawith a degree or
postgraduate degree and no qualificationacha worse QoL due to respiratory symptoms

than those born to mothers who attended higher educafion K| R D bthe® Qa 2 NJ

qualifications.

These findings at 22 months are interesting. It could be explained by the increased drop out
in less educated motherditough the study, however this would not fully account for the
increased scoring at 22 months in the more educated families. Maternal education will have
a significant impact on many risk factors what have been previously described in the
literature and acombination of these factors could contribute to the respiratory health of
the cohort. Although there hebeen very little published regarding the influence of maternal
education on theirA y F | rgSpir@dry health, otherfactors, which could be linked to
maternal educationhave been investigated. It has been shown that pleousing increase
respiratory disease in the firstvo years of lifg57)and children from poonefamilies had an
increased risk of LRTI. Likewise the prevalence of childhood asthma was increased in children
from families with low socioeconomgtatus (56, 65, 66)Poverty in early childhood was
associated wih increased risk of asthma attacksfoyr years(174) A western diet with high
levels of trans fatty acids may increabe risk of asthma, whereas a diet high in fish, fruit
and vegetables may be protectiye5, 76) The current study may agreéth these previous
findings if maternal education was to be used as a marker of tlevebisk factors for

respiratory diseasél.he increase in respiratory symptoms in the more educated at 22 months

132



may be due to other factors described in the literature for which maternal educatiuld

be a marker for.Perhaps this may be a marker fexposure to excessively clean
environmentsduring pregnancy and excessiveuseholdcleaningchemicalgduringinfancy.
These exposures arassociated withincreased wheezingpersistent wheezingand lung
function abnormalitie€175)in line with the hygiene hypothesis of asthift). Although the
above may provide some explanation for the influence of maternal education on respiratory
disease in the LBBS, these are very sweeping statements and these concept needs exploring
further before any formal conclins can be made.

4.5.6-Gestation

Preterm infants were shown to have more respiratory disease from birth to 16 months of
agethan term infants Preterminfantshad a higher total LRSQ score and a higher prevalence
of rapid breathing afour and 10 months bage. Preterm infants scored higher for a variety

of domains, and had a higher prevalence of snoring and noisy breathing at 16 months. These
results were mimicked in the QoL of both the infant and their family at 10 months of age.
Interestingly andcontrary to what might be expected preterm infants had a lower
prevalence of colds gbur months; his result is difficult to explain amiay needfurther
investigation It may result from reduced community exposure due to protective parenting
Disregarding th decreased prevalence of coldsfaur months, similar results have been
replicated in previous studies. It has been shown that preterm birth is associated with
wheezing, the use of inhalation therapy and hospitalisation due to respiratory disease in the
first year of life(50)and this increase in wheeze had been shown tgeéesistfor the first
sevenyears of lif¢49). Although we were not able to show that that wheeze specifically was
increased in the first year of life we were able to show that noisy breathing was increased in
the first year of lifeContraryto this, there has beersome mixed evidence on the frequency

of respiratory symptoms in premature babi@sl)and this discrepancy nyaaccount for the
lower prevalence of colds &ur months in preterm babies in this study. This finding could
also be due to the fairly small sample size in the preterm birth category.

4.5.7-Birth weight

Infants born with a low birth weight had a highecidence of colds and were more likely to
use health care services due to respiratory symptoms than those who were born with a
normal birth weight atfour months and at 10 monthsThis is somewhat replicated in
previousfindings It hasbeen shown that bailes with smaller birth weight have reduced lung
function atsixweeks of agd176)and are at an increasetkk of wheezing disorders in the

first five years of life(46, 55) Although the current study did not manage to replicate the
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exact sympdms shown in previous work, it did show that infants born with low birth weight

had more respiratory symptoms than those born at normal birth weight. In the LBBS the
sample size of low birth weightfants was still fairly sma#ind drop out caused a furén

reduction in thissample as the study progresselthis could account for the findings the

current studynot being as prevalerdand convincings in previous work

4.5.8—Breastfe;eding . o o X o . ‘
Atfour Y2y uKa OKAf RNBY 6K2 ¢gSNBE 0 NBobnancresSdd a O2 NI
FOGABGAGEQ (KIFYy OKATf RNBgse whi deresBl Ndng hfeastfedaiNS | a G 7
four monthshad lowemight-time symptomscores than those who were either not breastfed

or breastfed forfewer than four months.The prevalence d®Band healthcare attendance

was lower in thosehat were breastfed than those who were not breastfed. At 10 months

those who were breastfed had lower scores for symptoms without colds thase who

were not breastfed. fose who were l@astfed for ovefour months hadthe lowest scores

indicting a beneficial dose effect for duration of breastfeedifige prevalence &oB noisy

breathing from the throatand health service attendanosas lowerin babies that were

breastfed At 16 months those who were hastfed showed lower scosdn symptoms on

increased activity than thse who were not breastfednfants who were breastfed had a

lower prevalence of cough than infants who were not breastféolvever & 22 month those

who were breastfed had higher scoresraght-time than those who were not breastfed.

Overal, those who were breastfed had lower respiratory symptoms than those who were

not breastfed and increasing breastfeeding timereased this protective effect.

Smilar results were shown in the Southadil 2 Yy Qa 62YSy Qad O2K2NIi ¢ SNB
shown to be protective of adverse respiratory symptomhss was proportional to length of
time of breastfeeding(7). Likewisebreastfeeding,particularly exclusive and prolonged
breastfeedingwasshown to be protective againsiolpitalization for LRTI in the firdtree
years of life It was estimated that 25% of LRTI requiring hospitalization could have been
avoided bybreastfeeding(173, 177) Although we cannot show the cause of hoshpita
admissions with current data, the study has been able to show that breastfeeding has
reduced hospital attendance due to respiratory symptoms by 11.f&uamonths and 9.1%

at 10 months. In previous work it had been shown that infants who were breastézrd

more likely to have asthmé/2) which could not be shown ithe LBBSs there was no
structuredassessment of the participanky health care professiona&s part of the study
protocol. It is repoted that breastfeeding has nlmngterm effect on adult lung function

(178} in the LBBS cohort theeneficialeffect of breastfeeding is reduced by 22 months. This
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could be due to theeduction inbeneficialeffect of breastfeedingor alternativelycould be

due to the uneven drop oubetween the breastfeeding and ncehreastfeeding groups.

Although weighting of the data reduced this uneven drop out somewhdt RA Ry Qi O2 YLX S St
eliminate this. The implications of ke findings on clinical practice are that breastfeeding

where possible should be encouraged due to the beneficial effect on respiratory health in

infants in the first 16 months of life.

4.5.9-Smoking Exposure

Smokingexposurein Pregnancy

In the firstfour monthsof infancy,GP attendance was more likely in those infants who were
exposed to anysource oftobacco smoke in pregnancRaradoxically al0 months those
AYTFlLyia 6K2 6SNB SELRAaSR (2 lye (G20l 002 &avz21$S A
O 2 f g thosdiwho were not exposed to tobacco smoke in pregnancy. At 16 months those
who were exposed to smoking in pregnancy from other household smokers had a lower LRSQ
score than those who were not exposed. Those infants whkoe exposed to smoking in
pregnancy had a lower prevalence $6Bbut a higher prevalence of snoringit 22 months
K248 6K2 6SNB SELRASR (G2 avz21Ay3a Ay LNBAyLyde o
a higher LRSQ score than those who were not.

Although someresults in the cuent sgudy agree with the welldocumented adverse
relationshipsbetween smoke exposure ipregnancyand infant respiratory health,the

results from the arrent study are not convincinghe results produced between 10 months

and 22 months are contradicting whaas been previously published. Maternal smoking in
pregnancyhas beenrepeatedlyshown to increase théncidenceof wheeze and asthma
diagnosis up tsixyears oflife (5, 42, 43, 179)The lack of concordandethe current study

are likely tobe due to the undrrepresentation of the population who were exposed to
smoke in pregnancy in the study cohort wheompared to thepopulation of Liverpool
Although weighting of the data reduced this under representation sehat, the population
exposed to smoking in pregnancy was still Bamdghan in the population oLiverpool Drop

out was higher in thexposed group than in the neexposed group; again weighting reduced

this unequaldrop out but it could notcompletelyeliminate the differences. The exposed
group was alsdairly small in comparison to the neexposed group and by 22 months the
exposed group sample size wasrediblysmall which also could account for the unexpected
results. All this said, the results a2 2nonths were as expected, with the exposed group
showing higher LRSQ scores than the-agposed group and it will batriguingto see if this

trend continuesin the future questionnaires in the study.
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Environmental Tobacco Smoke Exposiier Birth

The proportion of the cohort thatwas exposed to household tobacco smokéer birth

decreased through the study. This could have been due to the reducing prevalence of
smoking irLiverpoolover the study period180)or due to the increased drop out in smokers

as the studyaged It is likely to be a combination of the two. There was ncediffice in

respiratory symptoms between those who were exposed to ETS and those who were not in

the first 10 months of lifeParadoxically,tal6 months however those who were exposed to

ETS exposure inthe lasikY2 Yy 1 K& aK2gSR f 26 SNIGR2GI K@ YAdA 2NR
YaeyvYLlizya gAGK O2fRaQ YR WwWaevYLlizya 2y AyON
exposed. Those exposed had a higpeevalence of snoring than those who were not

exposed to tobacco smokét 22 months thosenfants exposed to tobacco soke had a

lower prevalence oSoBthan those who were not exposed.

Like smoke exposure during pregnancy, these results were not as expected considering how
well documented thenegativeimpact ofETSxposure is on infant respiratory health. Infants
exposal to ET$ave been shown to bmore likely to have a LRTI in the fitistee years of

life, younger at the time of their first infection arréquire more antibiotic treatment and
admissions to hospital for LRTI than those who are not exposed %A% 46) Household
smoking is associated with an increase incidence of wheeze in théistnd second year

of life (5)and an increase in asthma andeadjic symptoms in the firgvo years of life and a
decrease in remission from these sympto#8). Likesmoke exposure during pregnancy the
smoking population inthe LBBScohort was largely under represented, and although
weighting of the data reduced this to some extent there was still a difference between the
population of the cohort exposed to ETS and tates of smoking ihiverpool Drop out in

the study was also higher in the population exposed to ETS than potidation thatwas

not exposed to ET& study in Canada showed that smoking mothers under reported their
OK A f R Q#81) OizegribKmothers who smoked may have systematically underreported
symptoms in the LBB&II thesefactorscombinedcould be responsible for the unexpected
results found in the current study, however it is hard to justify.tfiie results shown in the
current study with regards tobacco smo&rposurewere not expected

4.5.10-Family History of Atopy

Over the first 16 monty those with a FH of atopy scored higher in a variety of dosidian
those without a family history of atopinfants with a family history of atopy had significantly
higher total LRSQ scoresfaur months. They had a higher prevalence of noisy breathing

from the throat and noisy breathing not from the chest than those with no family history of
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atopy. Theirmothers reported a worse QoL. At 10 montlisese infants had a higher
prevalence of colds. GP and hospital attendance was more likely in those with ahfiztorly
of atopy. At 16 months those with a family history of atopy were more likely to attend the

GP with respiratory symptoms.

In previous studies, atopy had been linked with an increase in wheeze and asthma
particularly around the age of twgearg70). The current study population is not yévo

years of age so it will be interesting to see how the prevalence of wheeze is effected in future
sweeps 6the study.In the firstfour months of life there was an increase in noisy breathing

in infants with a family history of atopyhis could have been wheeze misinterpreted by the

mothershowever this cannot be used to make formal conclusions.

Further andysis should be undertaken to look at differences in which family member had
atopy to see differences in respiratory symptom patterhsii K S NB Q soiNthat K I &
maternal asthmas a risk factor for wheeze in malestto years and above and females in

five years and above hereas paternal asthma was risk factors for males only betviaen
andfive years of ag¢71).

4.5.11-Nursery Attendance

Nursery attendance increaseer time as recordedt each of thdour questionnaires. The
biggest increase in attendance was between 10 and 16 months and is likely to e due
mothers retuning to work after maternity leave. In the fifstur months of life very few
infants attended nurseryThose who attended nurserin the firstfour monthsreported a

higher prevalence of snoring, and were more likely to attend the GP w#pinatory
symptoms than those who did not. From 10 months onwards those who attended nursery
had higher total LRSQ scores and scored higher in a variety of domains than those who did
not attend nursery. They also had a higher prevalence of a varietyngbteyns from 10
months onwards and were more likely to attend the GP at 10 and 16 months. At 10 and 16
months both the infant and their families had a worse quality of life due to respiratory

symptoms than those who did not attend nursery.

Theassociation btween nursery @endance and respiratory symptoms in preschool infants
was the most consistent finding the LBBS;iilar domain scores anthe prevalence of
similar symptomsvere consistentlyincreasedhroughout the study The sma#ir impact of
nursery on respiratory symptoms in the firkiur months of life idikely to bedue to the low

numbers of attendees at this time.
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Similar findings have been published in previous work; infants who attended nursery were
more likely to have LRTI in in the fiystar of life(45)and throughout infancy173)than those

who did not attend Early nursery attendance was associated with increasedvasir
symptoms in the firstour years of lifg(74). Others haveeported that nursery had no effect

on respiratory symptoms aftdour years anchave describededuced prevalence of wheeze

at five years(182)but it remains to be seen this will be replicated in the currestudy.Our
studyfindsthat nursery attendance is associated lwdn increase in respiratory symptoms
over the first 22 months of life, however its remains to be seen hovgenyrattenders will

be affected in the LBBSter 22 months of life. Previous studies have shown that there
longterm detrimentaleffect of nursery attendance on respiratory healthnd that it may be
protective afterfour years of agé€74). Ourfindings should be approached with caution when
using them to decide whether an infant should attend nursenyd must be balanced with
potential benefits for child development and allowing opportunities for mothers to return to
employment

4.5.12-Sharing a Bedroom

Over time the proportion of the cohort sharing a bedroom decreased, as did the proportion

of theinfants who shared a bedroom who shared with their parents.

At four months sharing a bedroom had a protective effecthoy T lregpiratofy symptoms.
Those who shaka bedroom had a lower total LRS€pre and lowescores with coldghan

those childrerwho sleptalone Infants who shared a bedroom had a lower prevalence of
cough,SoBand colds than children who slept alone. This was mimicked in the QoL scores. In
contrast GP attendance was more likely in infants who shared a bedroom. By 10 months this
protective effect had reducedy which timeénfants who shared a bedroom only had a lower
prevalence of snoring. By 16 months there was no difference between those who shared a

bedroom and those who did not.

In previous literature there is very little evdce on the effect of bedroom sharing on
respiratory health in infancy. From our study, there may be an association between sharing
a bedroom with parents and respiratory symptoms. The decrease in respiratory symptoms
in the bed sharing population throughbthe study and the reduction in the proportion of
the cohort sharing a bedroom with their parents may show this. A formal relationship cannot

be concluded from this study however and further investigation of this trend is required.

In some cases sharigbedroom may be associated with household overcrowding which is
associated with increased respiratory dise@s8). Household overcrowding can be due to

low socioeconomic statugl83) In this study the opposite association is seen between
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respiratory disease and bedroom sharing which could be due to the cohort sharing a
bedroom by choice of the parents rather than due to household overcrowding or low
socioeconomic status. Theduction of infants sharing a bedroom throughout the study,
particularly in those who share a bedroom with their parents could be proof of this. The lack
of information on the household overcrowding in the cohort makes it impossible to make
formal conclsionsregarding this although may highlight an area for further research
4.5.13-Household Children

At four months infants whdived in households with other children had highssioreswith
coldsand had a higher prevalence of colds than children whallivgh no other children.

GP and hospital attendance due to respiratory symptoms was higher in those who lived with
other children Both the infants who lived with other children and theirothersreported a
worse QoLlIn contrast,children who lived wittother children reported a lower prevalence

of snoring than those who did not live with other children. By 10 months the association
between living with other household children and increasing respiratory symptoms was no

longer present.

Although there was a difference in respiratory symptom#fants who lived with other
household children were still deemed to have a worse QoL at 10 months andrtb#iers
reported a worse QoL at 16 months. At 22 months infants that lived with otheséimid
children repated lower scores on increased activihan infants who did not live with other

children.

Previous work has shown that having other siblings at home was associated with decreased
risk of asthma diagnosis between 4.5 and 14 years of life yedife (69-61). Although this
isoutside theage rangeof the current study, the BB$iasshown that there is no increased

risk of wheezing or noisy breathing in households with other household children. In contrast
householdovercrowding has been shown to increase the risk of lower respiratory tract
infection in children(58). In the current studyin the firstfour months of life in infants who
shaed a household with other infants were at an increased risk of colds. Unfortunately
the current studywe do not have informationhousehold overcrowding. divever,
households with other infants are more likely to be over crowed than households with only
one infant. This means the findings in the LB&ld be in line with previousresearch.
Further research would be required before formal conclusiomgldé be made The decrease

in scores on increased activity at 22 months may be in line with the hygiguahasis of
asthma(68, 69) It will be intriguing to see if this relationship develops further as the study

continues.
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4.6-Longitudinal Analysis
The longitudinal analysis of the LBBS data has allowed the stady te determine the

change in the LRSQ scores over tane the differences of this change in those exposed to

risk factorsby creating multievel mixed effect models.

The longitudinal analysisf questionnaire scores using multilevel mixed effects motels
been scarcan previous study reportsThe majority of cohort studies have analysed the
prevalence of specific symptoms in exposed and-egposed groups over time by univariate
and multivariate regression analysis. The use of multilevel mixed effemdels in the pre

school age group seems to Qaite novel.

We have shown that over time nursery attendance, being a male and the presence of other
household children increases total LRSQ scores over time most dramatically. The biggest
protective factorsover time are sharing a bedroom and breastfeeding. Although analysis in
this way § scarce in the preschool age group, these findings would aigregneralwith

previous research as discussed earlier.

TheLBBS agrees with studibg othersthat infants who attended nursery had an increased
prevalence of an array of respiratory symptoms at various age groupsfaprtgears of life
(74, 173, 184)The LBBS is novel in showing that these symptoms increase oveiTtime
change in scores over time may however be due to the low numbers of infantsdatte
nursery atfour months The effect of nursery attendance on respiratory symptoms over time

may therefore not be as large as this study portrays.

Likewise males havieeen shown to have an increase in various respiratory symptoms at
various timepointsthrough the firstfive years of life when compared to femalesprevious

work. The Tucson studpund that the peak of wheeze in males was betwesxto eight

years ofage(45)which unfortunately is outside the scope of this studlyill be interesting

to see of the effect of being male on respiratory symptoms over time is as large as the study

progresses further towards its end fate years of age.

The presence ajsther household children has been shown to increase respiratory symptoms
over 22 maths. As before there has been little work on the presence of other household
childrenand its effect on respiratory disease in preschool childihat researchthat has
been done is conflictindhavingother siblings at home was associated with decreased risk of
asthma diagnosis but household overcrowding has been shown to increase pfe¥dhool

children(59-61). Taking all tis into account it may be appropriate to conclude tbarsis a
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novel finding and may require further investigatiortlre future to allow formal conclusions

to be made.

There is very littlgorior evidence on sharing a bedroom and its impact on prescddolA t RN y Q &
respiratory health over time. This study has shown a reduction of LRSQ score over time in
those that shared a bedroom compared to those who did not. This phenomenon is difficult

to explain. One explanation for this may be the significant changke sample sharing a

bedroom over time in the cohort; there is a large reduction in those who share a bedroom,
particularly in the cohort sharing with their parents. It may be this changing sample, and
infants moving between exposed and unexposed geothroughout thestudy that has

caused this findingA further study to look into this relationship in the future would be

helpful in explaining this relationship.

Breastfeeding has been shown to reduce LRSQ score over time. This is as expected as there

ia F fFNBS lY2dzyd 2F tAGSNI(Gdz2NE aK2gAy3d (GKS
respiratoryhealth (40, 41, 185)Howeverother studies foundhis benefit to be fairly short

lived and has no lonterm effects on adult lungunction (39, 178) It will be interesting to

seeif the protective dfects on breastfeeding over timgersist beyond@2 monthsof age or

arereduced as previous literature has indicated.

4.7-Questionaire Validity
The internal validity of the LRSQ was deemed as acceptable to good in this study. This is

similar to that seen in previous studies that have used the LRSQ. The comparison to previous

studies is shown itable 31

Table31: Comparison of the internal validity of the LRSQ in the LBBS compared to previous studies

Domain LBBS Powell et al.(1) Trinick et al.(16) ‘
1- Day Time Symptoms 0.81 (Good) 0.95 (excellent) 0.76 (Acceptable’
2- Night-time Symptoms 0.77 (Acceptable) 0.80(Good) 0.64 (Poor)
3- Symptoms with Colds 0.86 (Good) 0.95(excellent) 0.66 (Poor)

4- Symptoms without Colds 0.81 (Good) 0.95(excellent) 0.81 (Good)
5- Symptoms on Activity 0.85 (Good) 0.95(excellent) 0.79 (Acceptable’

6- Other Respiratory gmptoms = 0.78 (Acceptable) 0.95(excellent) 0.80 (Good)

7- Childs QoL 0.85 (Good) 0.91(excellent) 0.89 (Good)
8-ClYaAfeQa v 0.86(Good) 0.87 (Good)  0.79 (Acceptable)
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Comparison to previas studies shows that although the internal constancy is not as geod
described byPowel et alin some domaingt is better in most parts than Trinick et al. Trinick
et al. used the LRSQ ofder childrerwith Cystic Fibrosis (CFJhe fact the currdrstudy has
shown better internal consistency than Trinick et al. shows the LRSQ may be more consistent
in assessing individuaté a whole preschool populatiormther thanspecificallyCF patients,

or is more consistent when used in longitudinal studether thanin a oneoff assessment

It may appear that Powell et.alhowsthe LRSQ to be more consistent in their study than the
current study however Powell et.@lombined domains one, three, five and sigassess day
time symptoms which may have ingyred the internal consistency of these domains. LRSQ
has shown acceptable to good internal consisteincshe LBBS. Thalds strength to the
study and proves that the LRSQ is an acceptable measure of respiratory symptoms

longitudinal analysis of predominantly white, preschool population Liverpool

4.8 The Use of Contemporary Technology in the LBBS
In June 2015 AFC® was suspendexhd the study changed to usindotForm®for

questionnaire completion andesponsestorage. At this point, the LBBS bemaan online
study that was fully automated. MailChimp® was used for the distribution of emails

containing the questionnaire link to the cohort.

The change to the fully automated online system had a number of advantalitjesugh it

may have reduced thecaess to the study for those without exthaccessThe use of a fully
automated online system is a novel concept in a study of this kind. It has reduced drop out
due to migration and moving house as participants can be tracked by email. However this
does ot account for people who change email address. Another advantage favrtliee
system is thathe entire questionnaire must be fully completed for the questionnaire to be
returned to the research team. This means all data is fully completed and is dfgadity.

Thee isonly a small amount omissing data in the studyAsmall proportion of maternal
agesare missingas this question was added to the study at a later date. Where this was
missing efforts were made by the research team to input this datalater date Some data

on the number of busehold children fronguestionnairethree andfour is missing. This was

due to a problem with the questionnaire formatting and has now been resolved. The use of
a fully automated onlinesystemalsoreduced theheavy workload fothe small research
team, whichhasallowed their efforts to be focused elsewhere. This has improved the quality

of other aspects of the study including analysis.

The change to a fully online automated system, although it added bemethd study by

reducing the workload of the research team and improving accuracy of questionnaire
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completion, reduced the access to the study for people withtiternet access.Given
widespread ownership of smart phondkijs is likely to be a very low mber of participants
in the study howeverit is still a source of bias within the study that must be taken into

consideration.

4.9-Strength=f the LBBS
There are many strengths that the LBBS possesses that have meant that overall the study has

successfly investigated the natural history ohaternal reportedrespiratory disease in

preschool children from birth to 22 months in Liverpool. The use of questionnaires has
allowed the assessment of many risk factors in the study at one time and the majority
(although not all) of the results in the study have been shown to be replicated to some extent
in previous work. The consistency with previous findings adds strength and validity to the
findings of this study. The use of the LRSQ is a strength of the stitdyaadeen previously

validated in this age group and in the Liverpool population. It was shown to have acceptable

to good validity in the current study.

Although recruitment rates were fairly low compared to other cohort studies, there is still a
respecable sample size in this study with an adequate number of infants being exposed and
not exposed ¢ the majority of risk factors anché cohort was fairly representative of the
white population of the infants born in the LWHhe use of a pilot study to timise
recruitment, questionnaire design and overall running of the study has allowed the study to
run at an optimal level given the lack of personnel and funding for the study. The study was
accessible and acceptable to the participaf@s 3) The use of both emails and postal
questionnaires in the early stages of the study has increased the accesses to thargfudy
allowedpeople wthout accesses to email to participate. This has reduced sampling bias in

the study.

The use of a tertiary centre for recruitment gave the study access to the majority of births in
Liverpool All year roundecruitment reduced seasonal variations of hirThe use ofoutine

birth data allowedhe comparison between the LBBS cohort and those born in the LWH.

Recruitment at birth reduced recall bias of the risk factors during pregnératywere
studied in the LBBSePBall biasvas reducedhroughoutthe LBBSy using a short time period
between questionnairesand by asking motherto only recall from the previoughree

months
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4.10Weaknessesf the LBBS
The LBBS has similar weaknesses that are shown by the majority of birth cohort studies. The

use of quesonnaires introduces recall bias into the study although this was minimised by
asking mothers only to recall from the previodsree months and having regular
guestionnaires. Longitudinal studies are also prone to attrition; this was very prominent in
the LBBS. Although there were efforts made to reduce attrition, the lack of and changing
personnel in the LBBS research teianikelyto have contributedo the large attrition rates
compared tosimilarstudies. The lack of ownership of the study was dugniversity holidays

and the changeover of the study from student to student, year on year. Drop out in the LBBS
was unequal in exposed and unexposed groups, particularly in the more deprived, those who
were exposed to smoking and those who were not briaktThe large and uneven attrition

in the LBBS has added confounding factors to the study.

In the LBBS there is no formal assessments of the infants by health care professionals, neither
is there serological confirmation of RTIs. The study relies fullghe infant€parental
assessment of respiratorgymptoms thatmay notreflect a medical assessmertowever

this studydeliberately focuses on the parental experience.

Participation rates in the study were laamd there are many sources of samplingsbiathe

study. The infants in the study are more likely to have been hospital for longer periods which
YSIya (KS LINELSE NIIAKBY DT oWRySAHY | NB f A1 Ste (2
Liverpool. Similarly, there was no translation of thguesionnaire which meant that
participants needed to speak sufficient English to participateis Tad to an under
representation of the minor ethnic groups in the LBBS. Babies with social issues or involved
with the authorities were also not recruited inthié study. Although the use of the LWH as

a base for recruitment gave access to the majority of births in Liverpool this did not allow for
the recruitment of any infants born at home or those born in the other general district

hospitals in the area.

Like gen in pervious birth cohort studies the profile of the mothers and infants in the LBBS
was not representative of the population of the eligible births in the LWH and that of
Liverpool. Mothers were older and lived in postcode with a more affluent IMOed#@n

the general population of Liverpool. Infants were more likely to be of white ethnicity, be

preterm, be breastfed and less likely to have been exposed to smoke during pregnancy.

Drop outin the LBBS was not uniform; youngenpre deprived mothers two did not

breastfeed and who smoked in pregnarvegre more likely to drop oubf the LBBSThis was
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accounted for somewhat by weighting of the study during analysis and the use ofienelti
models to analyse the stydhowever these differencesase notcompletely removed from
the study. Thisveakness of the studyeduces the validity of the results when applying them

to the population of Liverpool.

The cohort has very strict inclusion criteria, including only a very small well defined
population specit to that of Liverpool; this means the findings from the LBBS study must be

used very cautiously when applying them to the whole population of England.

Although the majority of findings in this study agree with previous literature there are some
discrepamies in the findings especially with regarding smoke exposure. These discrepancies
are a weakness of the study given how well documented the effect of smoke on infants
respiratory disease is. The lack of findings concordant with previous work regardikingmo

is a concerning and mayean the findings of the LBBS unfortunately must be approached

with caution.

4.11-Future Recommendations
Future recommendations for the remainder of the study are to continue the analysis of the

study in a similar way as in ¢hihesis. This may however, become more difficult as drop out
increases and exposed and rRerposed groups become smalland fewer student are
willing to undertake intercalated MPhil research degrdesvill be interesting to see if the
protective effectof breastfeeding disappears completely in the future of the study and if
smoking exposure becomes a significant negative risk factor for respiratory health preschool
infants. It will be interesting to seeévidence supportinghe hygiene hypothesis oflargy

and asthma becomes more apparent as the study continues.

In the future another study of this kind would be recommended with an improved study
design and recruitment strategies. The use of the LRSQ in a longitudinal study using an online
automated sgtemwasa nove] excitingand successful concegt is disappointing the study

could not produce higheinitial recruitment rates and lower attrition rateotherwise this

would have created lrger and more representativ@hort studywhoseresultswould have

been more likely to beoncordant with previous findings. To improve the study design a
bigger research team would be required with less changes of personal and changes in
ownership of the study. Members should be dedicated to different rolls withe study
whether that be recruitment, administration or analysis. The use of the fully automated

online system from the beginning for the study, with no postal questionnaires may reduce
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the workload of the research team and therefore make the running sfudy of a future

study of this kind more efficient.

In the future a translatedersionof the LRSQ should be produced and validated; this would
allow studies like the LBBS to recruit from minor ethnicities and remove language barriers in
studies usinghe LRSQ This would reduce the under representation of minor ethnicities in

future studies.

Further studies investigating the roll bbuseholdovercrowding, multiple birte, maernal
education, maternal agand bedroom sharingn the respiratory health gbreschool infants
are recommended to faher investigate the findings ahe current study There current

study was not sufficient to assess these variables with confidence.

The LRSQ should be further analysed to identify questions that have reducéuehel
validity of the questionnaire. The improved questionnaire may be more appropriate for use
in longitudinal studies of this kintt.would also be benefici&b work with parents to develop

what a clinically significant difference or a parentallyamiagful difference in symptom
questionnaire scores would be. This would make the questionnaire and findings of this study

more clinically relevant.



Chapter 5Conclusions from the LBBS

A profile of the mothers, families and infants in the LBBS wasedesmtd compared to the
population of Liverpool and eligible births in the LVi¥kbthers in the LBBS were older, less
deprived, higher educated, less likely to smoke and more likely to breastfeed than the
population of Liverpool Througlout the study, younge more deprived, less educated
mothers who smokednd did not breadeed were more likelyo drop out of the study. This
profile of mothers who were more likely to participateand be retainedn a birth cohort
study, has been seen in previous work andsaexpectedTo adjust for this effecthe study
analysisvas weighted so théeprivation in the study was identical to that of all the eligible
births in the LWH. Infants in the LBBS were more likely to be of whité mixed ethnicity
andbe preterm than the population oLiverpooland the births in the LWH.

The LBBS has described risk factors and protective factors for respiratory disease in the
preschool population of Liverpool in the first 22 months of life. Risk factors (shown in either
crosssectioral or longitudinal analysis) for respiratory disease: éing male, being born to

a younger mother, having a family history of atopy, nursery attendance, preterm birth, low
birth weight and living with other household children. Protective factors fopirasory
disease were sharing a bedroom and breastfeedlitgre was a beneficial positive effect of
prolonged breasfeeding. Thereappears to be a complerelationship between maternal
education and respiratory disease in preschool infants in Livergwl warrantsfurther
investigation. The findinga the LBBS fahe relationship betweemobaccosmoke exposure

and infant respiratory diseasmnflict in part withprevious findings.

Respiratory symptoms had an impact on the QoL of both the infantdfagidmothersin the
LBBS. Respiratory symptom scores were consistently correlated with QoL scores throughout

the study. Respiratory symptoms most commaaffigctedthe A Y F Islglep t@raugh the first

22 months of life. In the firdourmonths of lifetts 6 A 33Sa i ST Wdtbdiwagy (G KS Ay Tl
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sleep.

Being male, living with other household children, being preterm and attending nursery all
reduced QoL in infats due to their respiratory symptoms at various time points through the
study. Maternal education had an impact on the infants QoL due to their respiratory
symptoms but there was no clear trend. Sharing a bedroom increase the infants @olk at

months aglid smoking exposure in pregnant at 16 months; this finding is again disappointing
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due to the well documented negative impact of smoking in pregnancy on infants respiratory

health.

Mothersof males, of infants with a family history of atopy, who had mitvan one child, of

infants who were born preterm, and of infants who attended nursery had a worse QoL due

G2 GKSANI AYyFlIyidiQa NBALANI 02NEB aevyLiizvyad [ A S
on mothersQoL but the trend of relationship was not cleard needs further investigation.

The LRSQ was shown to be a valid questionnaire to asssesnal reportedrespiratory

symptoms in infantsip to 22 months ofage in a longitudinal study @ffants fromLiverpool

The LRSQ had acceptable to good intecoakistency for all domains in the LBBS.



Appendix

Appendix 1Search termsaused forthe literature review of birth cohort studies

A literature review wagsonductedbetween September 2016 and January 2017. Database
W{ O2 LJdza Qwitly indestridEd £pth. Reference lists ofgpers werecheckedto find

National, International an&egional Birth Cohort Studies. Cohort studgihgs with regards

respiratory disease in preschool children was identified using the cohort profile papers.

Search Terms

Resuls

1 Birth Cohort Study

2 British Birth Cohort Study
Respiratory Birth Cohort Study
Respiratory British Birth Cohort Study
5 Preschool Birth Cohort Study

Preschool Respiratory Birth Cohort Study

15C

39,460
1,141
2,995
64
7,380
897



Appendix 2 Sumnary of Cohort Studies found during literature review; analysis of

study design and key findings.
National British Cohort Studies

The 1946 British Cohort Study

The 1946 British Cohort study was initiated by the Royal College of Obstetricians and the
Populaton Investigation Committee to investigate the falling national fertility rate and the
impact of the cost of parenthood. It also aimed to determine the distribution of obstetric and
midwifery services nationally and determine their impact on the healthmothers and
infants and the reduction of premature deaths. The study was funded by the Nuffield
Foundation and The National Birthday Trust f{h84, 186) Data collection and analysis is
now in its 70" year and catinues(187) Those born between 39 and 9" of March 1946

in England, Scotland and Wales were eligible for recruitment (n=16,695). 13,687 (81.98%)
mothers completeda questionnaireat delivery. 8bsequently 5,362 childre(89% of the
enrolled cohorj have been followed upThe sample D children was geographically
distributed n line with national population;rsalysishas showrshows that the population of

the cohort is similar to the national populatigh34)

In the firstfour years 12.6% of the cohort was lost. This increased to 19.9% by 15 years, 36.2%
by the end of 35 years, and 4%aby 53 years. These losses were due to death, refusals, living
abroad, emigrations and being unable to trace participants. At 53 years 73% of the
participants had given information at 17 or more of the 20 data collection points. Only 7%
had taken part irten or less. The study holds high response rates considering the length of
its follow up. The study maintains annual contact with the cohort using birthday cards. This
has allowed changes in address or contact information to be updated throughout the study
(134)

The study found benefit from health visitiagd infant care services. The study described the
geographical and socioeconomic variation in cost of childbirth, health and su(tB4)
Subsequently, data has been collected from 5,362 of these children matched to the
characteristics of the national population. Other smaller samples of the cohort bhese
followed including a sample of first born offspring and women between 47 and 54 years of
age(186)

Poor housing, parental respiratory diseaseal air pollution were associated with increased
respiratory disease in the firdtvo years of life. Risk factors associated with respiratory

disease in the cohorts first offspring were been born to manual working class parents,
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parental respiratory diseasand parental smoking57). Deoxyribonucleic acid (DNA) was
obtained from the cohort at 53 years which found that that carriers of the gene SERPINAL Z
and S (who have loalphal antitrypsin levels) had increased risk of LRTI in infancy but this

had no effect on adult respiratory heal(th88)

The 1958 British Cohort Study

The 1958 British Cohort Study aimed to identify factors linked to theimgnoving national
AUATEOANIK NIGS® LG 61 & FdzyRSR o0& GKS blaAzyrt |/
England Wales and Scotland during one week in 1958 were eligible. 98.76% (n=17,416) of

eligible mothers gave access to their maternal health records and completed a questionnaire

(135)

Attrition in the 1956 birth cohort was relatively low. Of th&,416 participants in the cohort

99.3%,71.1% and 51.8%ere successfully contacted at 7, 23 and 55 years respec(iv@ly

189) (hildren were located during follow up throughout childhood using their schools.

C2ft2¢ dzZJ G Ho @SINAR dzaSR GKS depBa&oiQa Yzal
collection at 23 years was significantly smaller due to participants leaving school, making

contact more difficult. Attrition was more common in those from disadvantaged

backgrounds, poor readers, those with short stature, fudrites and childen in social care,

so the retained cohort is no longer representative of the populafi3b, 169)At 42 years,

NEFdzal f KFIR NBadzZ §SR A¢{3smodw> 2F (GKS O2K2NILQa RN

The study found thasmoking was associated with stillbirth, neonatal mortality and reduced
birth weight(190) 35% of childhood wheeze resolved by early adulthood, however 5% of the
cohort had persistent symptoms and the remainder had intermittent symptoms. Recurrence
of wheeze was more common in active smokers. Pneumonia, asthma and wheezing before
severnyears of age was associated with a cough at 23 y@88) Wheezing between the age

of sevenand 16 yeas was associated with childhood pneumonia, eczema and hay fever,
whereas wheezing between the ages 17 and 33 years was assowittigrersonal smoking,

hay fever and maternal smokiri91) A history of childhood pneumonia was associated with

a lower forced expiratory volume in orsecond (FEV1) and forced vital capacity level (FVC)

that is not reversed by salbutam(92)

The 1970 British Cohort Study
The 1970 British Cohort Study was established in 1970 and underwent its tenth sweep in July
2016(193) It was funded by the National Birthday Trust and R@glege of Obstetricians

and Gynaecologists. The 1970 British Cohort Study set out to examine the association



between maternal characteristics and neonatal morbidit86, 193) Later, sweeps aimed to
assess the fa@ors determining child health, development, transitions into adult life and

subsequent health, abilities, attainment and employment in adulth(i6)

All born during one week in April 1970 were eligible to join the study. Eligible births were
assessed by midwives using a parental interview aruyaipal examination. Recruitment led
to the enrolment of 16,571 births in the study, 95.9% of the eligible biffih&se born in

Northern Ireland were dropped from the study after the initial questionnélr@3)

Cohort members were traced for follow up, using school records, at 5, 10 and 16 years 78.9%,
89.8% and 70.1%f dhe original sample responding at each time point. The increase in
responses betweefive and 10 years was due to immigrants born in the recruitment period
being added to the studfd35, 136, 169, 193Although his has allowed the investigation of

the effects of immigration on healttihe addition of immigrants to the cohort has changed
GKS O02K2NIiQa RSY 2 3therelalk e @aked whert adséssiggyfrendsinZhigt R
study over time. After 16 years themas a large drop out (54.3% of the original cohort
remained in the study at 26 years) due to participants leaving school, and therefore becoming

harder to trace(136)

Infants who were male, had mothers who smoked and had a low birthweight were more
likely to wheeze in the firdive years of life(46). Maternal smoking was associated with a
higher incidence of bronchitis and hospital admissions for LRTI during thfiviirgears of

life and increased the incidence of wheeze by 1.8% in the first 10 yedifs (f94) The
incidence of wheezy bronchitis had a dose response relationship with maternal smoking; the
incidence was 14% in children whose mothers smdkenl cigarettes a day compared to
49% in those who smoked 14 cigarettes a @#8b) 80% of chilren who had wheeze in the

first five years of life were wheezfree in their 9" year of life and 85% had no wheezing in
their 16" year of life(46). A higher incidence of wheeze befdiee years increased thesk

of continuing to wheeze at 10 years but there was no association between the age of first
attack and prognosi€l96) A damp home environment was associated with increased cough
and phlegm production at 10 years of a@®). Those born under 2kg were nearly twice as
likely to be diagnosed with asthma at 26 years when compared to those born between 3kg
and 3.5kg(197) Wheezing was reported more often in those whorev@ot breastfed; this

relationship did not persist when adjusted for parental asthiih@8)
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The Millennium Cohort Study

The Millennium Cohort study began in 2000 and aimed to collect a range oaslsgasing
health, childcare, education and employment and their inequalities. It is funded by the
Economic and Social Research Council and the UK Gover(iB3&ntL99) Children born in
England and Wales betwee $eptember 2000 and $1August 2001 and in Scotland and
Northern Ireland between 22November 2000 and 11 January 2002, aliveiaé months

and eligible to receive child benefit (as identified by the governmend diénefit records)
were eligible to join the study137, 199) This criteria and recruitment strategy has given
almost universal coverage of the UK population (missing onlyrasseekers). The use of a
yearlong recruitment period compensates for seasonal variation in the outcomes of birth.
The study sample was representative of the UK populdfi@id) Recruitment led to a cohort

of 18,827 children at baseline. Hard to research populations were intentionaliysaugled

to ensure an adequate sample size for analysis. Analysis of these small sub populations is a
strength of the study, however this disproportionate sampling needed adjusting for during

analysis of the whole populatidid37)

Follow up occurred in particgmts who remained in the UK three, five, seveand 11 years.
Response was 82.8%, 82.2%, 73.5% and 70.6% at each sweep of data collection respectively
(137) Attrition rates are relatively low considering the time period of the study. Dropout was

due to nonresponse, refusal, neoontact, emigration and death. Dropowmtas higher in

ethnic minorities and disadvantaged ar€a87) This disproportionate attrition was adjusted

for during analysis.

Data was collected using Computer Aided Self Completion Interviews and assessment by
healthcare professionals which has covered a large range of data using rslizeda
measureg199) This combination of data collection has increasedqjhality of the data and

is a ¢rength of the study.

The millennium cohort has led to some key respiratory related publicatexausive and
prolonged breastfeeding protected against hospitalization for LRTI in thesigist months

of life. Breastfeedig for any amount of time showed some bendfi77) It was estimated

that 27% of LRTI requiring hospitalization could have been avoided by exclusive
breastfeeding and 25% prevented with partial breastfeeding. Thisteptive effect
diminished soon after withdrawal of breastfeedifig/7) Male sex, maternal age, body mass
index (BMI), atopy, smoking during pregnancy, preterm birth, breastfeeding, exposure to

other children andhousehold furry pets were independently associated with both early
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remitting and persistent wheezing over the fistvenyears of life(79). Compared to the

white population, in the firstnree@ S N& 2F t AFST W. £ 01 /I NRGOGS
NEBLR2NISR I KAIKSNIFYR ft26SNI NS 2F WSOSNJI | ¢
may be due to socioeconomic and cultudiferences(171) After adjusting for confounding

factors there was a relatitship between household income and respiratory health in
children(66). Poverty in early chiltbod was found to be associated with increased risk of

asthma attacks and chronic respiratory illnessfanyr years of ag€174) Children born to

parents with subfertility and who had a longer time to conception were at an increased risk

of asthma and used more asthma medications at bibth and sevenyears of ag€200)

Obese children used more medications for respiratyditions than children wither lower

BMI betweenfive and 11 years of ag01)

The millennium cohort profile has allowed mapping of the trajectories of asthma symptoms
in the firstsevenyears of life. This has shown that those with high levelshafaze and atopic
symptoms have an increasing risk of wheeze over thefiustyears of liféhat then reduces

until sevenyears. This reduction is less than those without atopic symptoms. In those with
low levels of wheeze, asthma symptoms reduce fronthkiio sevenyears, more so in the
first five years of lifg(202) Between the 1970 cohort and Millennium cohort, there has been

an increase in allergic conditions, including ast{@@3)

Regional British Cohort Studies

I 6 SNRSSY / KAfRNBY 2F GKS mMdppnQa /2K2NI { GdzRe
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Association for the Aid of the Crippled Child teearch the cause of cognitive problems in
childhood. Aberdeen was chosen due to its high standard of maternal record keeping in the
Aberdeen Maternal and Neonatal Databaf@04) This contains research standard records

on around 85% of births in Aberdeéh38, 205) Aberdeen also routinely collects data from

home visits, school records, childhood growth data, immunizatidata and social
background dataThrough the study ith and obstetric data was combined with an
assessment of height, weight, cognition, family socioeconomic circumstances, attitudes, and
OSKI @A2dzNB YR | GSIFOKSNIDa || anhaspitizadhfisgidns, 2 F 06 S
cancer registrations were also includdelurther follow up of the cohort has been designed

to look at various specific hypothegis38, 205)

All children born in Aberdeen between 1950 and 1956 who were in primary school in 1962

(aged betweersixand 12 years of age) and their siblings were eligible for the study099%
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the eligible population of Aberdeen was traced during initial data collection (n=12,013), along
with 7,080 second generation births. Response rates of 64% to the postal questionnaire in
20022003 were achieved. Response was highest amongst femalesmathed, non
manual working class parents and fewer siblings. There were 611 deaths in the cohort by the
end of September 2008.38)

This cohort is almost a complete population of a vaelfined area with high rates of follow

up in the early stages. This was achieved by using the Aberdeen Maternal and Neonatal
Databank. This is a unique feature of the study that increased the quality of the data. This,
along with the use of Christmas cards,swased to track changes of address to increase
participation throughout the study perio¢lL38) The cohort has given a large insight into
cognition, the natural history of coronary heart diseas® mental health(138, 205) but

there were no publications on respiratory diseasgieschool children.

| @2y | KAt RNBY 2F GKS dnQa { GdzRe
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ELSPAC was establidhby the WHO. It was designed to investigate how phenotypes

combine with environmental factors to influence health and development of children and

their mothers. The Medical Research Council, the Wellcome Trust and the University of

Bristol fund the studyData collection is now in its 25ear(162, 206)

14,541 pregnancies wempportunistically recruited by midwives betweefi April 1991 and

318 December 199Zrom a defined area in South West Englafdegnant women who
moved to the area were eligible until the point of delivery. Those who moved away and had
not completed a gestionnaire in the third trimester were excludéti39, 162, 207)Children

born during the recruitment period that were missed were added to the studbeaenand

eightyears of age. This has led to 15,390 chitdoeing enrolled in the study Bightyears.

Enrolled mothers were more likely to be white, own a home and car, be married and live in
overcrowded house when compared to census data, despite having a higher average
socioeconomic status than the populati@f Britain(139) The children in the cohort at 16

years were more likely to be female, of white ethnicity, higher educated and less likely to be

eligible to free school meals than the national populatih62)

FGONRGAZY 61 a4 KAIKSaG RdAdzNAYy3a (KS OKAfRNBYyQa AyT
entered adulthood, however because children were free tgaia the study up to 18 years

of age the cohort population has remained fairly large. Of the@2gligible live births 97.4%
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and 84.4% were followed up awo years and 18 years respectively. 100 children had died,
2018 were untraceable and 782 withdrew from the study. During adolescence only 48.2%
responded to all 12 data collection sweeps. 75%hefcohort had responded at least once
(162)

Over 1200 papers have been published using data from this cohort. Babies that sleep prone
and on their side had an increased incidence of respiratory symptorsix gionths (208)

This relationship was no longer apparent by 18 moriif) An important finding that led

to change in National guidance was that Sudden Infant Death Syndn@meaeduced in
babies who slept on their ba¢R09) Children of mothers who had greatest use of household
chemicals in pregnancy were at an increased risk of persistent wheeze and lung function
abnormalities(210) Maternal smoking in pregnancy increase infant wheezing during early
childhood, regardless of postnatal ETS expogdB The prevalence of wheeze was also
higher in children born to mothers that consumed paracetamol in the third trimg&et)

The prevalence of asthma was higher in children whose mothemhaiggty in pregnancy
(212) Wheezing and eczema was more prevalent between 30 and 42 months of life in those
who were expose to excessively clean environments after adjustment for all confounding
factors(67). The incidence of asthma was highes@venand eight year olds with a lower
socioeconomic statuge5) The Hlaggrin gene was associated with asthma, eczema and

sensitization to allergen@13)

Born In Bradford

The BiBCohort Study began in 2007 in response to the high rates of child morbidity and
mortality in Bradford. It aimed to identify modifiable risk factors that cause or contribute to
il health and produce health promotion intezntions in this deprived mukgthnic
population. The study collaborates with the European Child Cohort network, which allows
links with other national and international birth cohort studi@®, 163, 214)The lagely bt
ethnic cohort has allowed comparisons of health outcomes to be made between two ethnic

groups(49).

All births between March 2007 and November 2010 at the Bradford Royal Infirmary were
invited into the stuly. Therecruitmentrate was 64% (13,776 pregnant woman and 3,448 of
their partners). The recruited population had a lower proportion of younger mothers and a
higher proportion of South Asian and nulliparous mothers. There vefferences in

gestational ge, howevethis was due to the recruitment strategy of the study because those



born before 28 weeks gestation were not recruited. Despite this the cohort was shown to be

representative of the population in Bradford making the cohort véligH). .

The BiB study has a good relationship with the participants and the hospital. This relationship
was maintained using birthday cards, newsletters, and a study we@@d)eThe BiB cohort

was split into manysub cohorts during investigation. The BiB1000 -swioly showed
response rates of 77%, 75%, 74%, 70% and 70% at 6, 12, 18, 24 and 26 months respectively
with 47% of the cohort completing all follow up. The majority of attrition in this cohort was

due to notbeing able to contact the participants even with the use of telephone calls,

reference to electronic health records and opportunistic visits to family hqfaEs)

There have been around 140 publicatiopduced from this cohortMaternal smoking
(16.4%) and drinking (30.6%) rates in pregnancy were relatively low compared to white
British mothers (33.7% and 67.4% for respectivéthile babies born to mothers of Pakistani
ancestry were lighter and they were less likely to be exposed to risk factors of sudden infant

death syndromg49).

The study has shown that between birth atilee years of age the incidence of wheeze is
higher in boys than in girls and low birth weight increases the risk of wheezing disorders
(25).Rapidgrowth betweenthree and 12 months of age increased the risk of whe@&z).

The Isle of Man (loM) Cohort Study

The loM Birth Cohort study began as part of the BICSstudy. The aims specific to the l1oM
study were to measure the prevalence of diseases in children and their parents, detect health
advantages and disadvantages, to study the effects of migration on the population and to
determine any island specific feses of that may influence healtfi40) After a period of
publicity on the Isle of Man, every mother expecting a baby betweéedahuary 1991 and

30" June 1992 was invited to join the study (n=1,384). Thigdet,314 live births being
enrolled in the study. Mothers leaving the island (n=161) were not followed up, however
children who had moved to the island born in the recruitment period were opportunistically
added to the study asevenyears. This led to 114 participants available for follow up at
sevenyears. Between 15 and 16 years, 1,125 participants were available for foll¢iMOp
216)

The main source of attrition in this cohort was emigration off the islditndls large proportion
of drop out is a particular weakness of the study however the publicity for the study and its
robust data collection methods have produced near 100% response(la@¥The inclusion

criteria allows for the analysis of the whole island population and comparison between the
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Manx Population and those who have immigrated to the island; this adds a unique element
to this study. The high participation rate in this cohort shows the benefit tdigtand
structured recruitment when compared to opportunistic recruitment, such as used in the
AVON Cohort.

Funding by various charitable organisations on the island has not been sufficient. Although
data is complete it is not ready for analy$isi0, 216) Because of this, no publications
assessing the oM alone have been published. There are however, publications comparing
the loM Cohort with the ALSPAC coh@17)

The Newcastle Thousand Baby Study

The Newcastle Thousand Families 1947 Bioio@ was established in response to the high
infant mortality rate in Newcastle. The original aim of the study was to identify risk factors of
infection in infancy and has continued as a longitudinal study to assess health, education and
family life throughout childhood(141, 218) It was funded by the Newcastle City Health
Department, the City Health Committee and the Nuffield Foundataii, 218)

The cohort consisted of 1,1484%)children born in May and June of 1947 in Newcastle

upon Tynewho were followed through their firsyear of life. The original cohort was
representative of the social spectrum of the cffi41) Data collection began in pregnhancy
dzZaAy 3 YARGATSQaA NI LsivieBka hrdughsut irfedoy andl gudeery uplS @S NEB
until five years of age. Follow up included assessments by paediatricians and health visitors.
The cohort was tracked by NHS central registry enabling mortality figures to be updated. This
added accuracy to figures repet in publications. The cohort was also linked to GP and

hospital record¢141, 218)

In the first year of the study4 participants died and 125 participants left the study area.
73.9% and 65.4% of the cohort were followed until the end of theadd 15" year of life
respectively. At 50 years 89% of the surviving cohort were traced; 50.1% returned a
questionnaire and 40.0% (n=412) attended for a clinical examingtidh) Although these

are high #@rition rates compared to other cohort studies the most recent follow up showed
that the cohort was representative of the original sample for the majority early life factors.
The sex of the cohort is no longer representative of the original saifiglé) The high
attrition rates, along with a fairly small sample size reduce the strength of this study as a

whole.

There is very little published work addressing paediatric respiratoritthéam this cohort,
K26SOSNJ 62N)] KFra o0SSy LlzmtAaKSR 2y f2y3 SN
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health. Key findings included: Children from poorer families with householdarearding
were at the highest risk of respiratory infecti@@B). Children who had a severe lung infection
before five years of age werseventimes more likely to develop chronic lung disease in
adulthood (58). Breastfeeding had no longterm beneficial effects on adult lung function
(219)

The Southamptoh 2 YSy Q& / 2 K2 NI
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of Southampton and the Medical Research Council to investigate the effects of dietary and

lifestyle factors on the health of mothers and their childréfhne study now follows the

children born into the study to determine piatal risk factors for chronic diseagel2, 176)

. S06SSy mMdpdy FYR HAannu Dt Qa afieyts bet@etti K0 bnd BAG 2 Y NS O NHzA
years of age by sending them a leaflet which was followed up with a telephone call. A trained

nurse performed the initial assessment of interested women at their home. To maximise

response rates, a repeat letter was sent to thegeo did not respond to the telephone call.

If there was still no response the home was visited. The study was publicised locally at events

and in supermarkets to increase participation. These efforts led to at 75% participation rate

(142, 176) 12,583 women gave pygregnant profiles and wer followed throughout

pregnanc$ t I NIAOALI yia yR GKSANI Dt Qa 6SNB |a{SR (2
patient become pregnant. This regiment strategy led to 3,158 babies available for follow

up (176) Response rates were 95%98386% and 81% sikmonths and one, two and three

years respectivel{142)

The study has a small respiratory specific-stunly of 150 babies whanderwent lung
function testing,by means of rapid thmcoabdominal compressigat sixweeks of age and
completed symptom diaries ithe first year of life. Urine samples were obtained from the
cohort of infants and skin prick testing was conducted on their parents. Dust samples were

A 2 4 A x
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This substudy found that greater maternal adiposity was associated with increased transient
wheeze in childhood, however it had no association with asthma or ali2g&fy) Babies who

had smaller birthweights and those who had high weight gain poatlyahad poorer lung
function at six weeks of age(176) Greater relative weight and adiposity gains were
associated with increased wheezetlatee years(54). Poorer lung function aixmonths was

associated with a higher incidence of wheeziimgthe first five years of life (221)
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Breastfeeding was shown to be protect against respiratory disease. This protective effect was

proportional to the duration of breastfeedin@).

Thiscohort has agood patrticipation ppduced a large sample for a regional cohort study.

However there was a small age range invited to the study so a large proportion of the
pregnant population was missed. Likewise the design of the study meant that those who

were not registered withaGP &2 y Qi I 6§ Sy R Dt Qa NB3IdzZ NI & ¢S]
0KS adGdzRed® ¢KSaS NS AAIYAFAOIYylG az2daNOSa 27
reduced the drop out, there was likely to be a significant number of women who forgot to or

intentionally did not contact the study teamhen they become pregnarii42, 176)

International Collaborative Birth cohort studies

The European Longitudinal Study of Pregnancy and ChildideBAC)

The European Longitudinal Study of Pregnancy and Childhood (ELSPAC) was established by
the WHO in Europe in 1985 to identify the factors influencing health in childhood in European
Countrieg(222) It is coordinated imBristol by the ALSPAC ted806) The aims of the study

were to determine the biological, psychological, social, economic and environmental factors
that influence pregnancy, birth, health and developmé&23) The studyvas established in

the Isle of Man, Czech Republic, United Kingdom, Slovakia and Ukraine and partly in Greece,
Spain, Croatia and Estonia. It was agreed to follow the cohort until 21 years of age and
potentially beyond, however poor funding in various nties has meant that continuing

data collection was not possib{24) Recruitment occurred in Great &iin, the Isle of Man

and Czech Republic between 1991 and 1992 and varied from 1992 to 1995 in the remaining
countries(223, 225) The cohort contains over 40,000 chddrand their families and at 17

years the study participation rate remained relatively high considering the time consuming

nature of the questionnaire at around 50%25)

To date there has only been a few publications produced as a result of the ELSPAC study. The
majority of publications have dyincluded data from a single country. This is disappointing
considering the scale and the potential impact of collaboration in this study. Findings from

the ALSPAC study and Isle of Man Cohorts have been discussed earlier.

Respiratory Specific Birth CohStudies

Manchester Asthma and Allergy Study (MAAS)
The Manchester Asthma and Allergy Study (MAAS) was established in 1995 to understand
the development of asthma and allergies in young children. 3,618 mothers and 2,172 fathers

were originally recruitd at routine antenatal booking appointments. Parents underwent skin
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prick testing to common allergens to divide the cohort of infants into risk groups, each of
which had different study aimg4, 143, 226)Therewa y 2 O2YYSyd 2y 2F (KS

representation of the eligible population of Manchester.

1,499 parents consented to the study, which led to 1,085 children being enrolled into the
study (2). 6.9% were lost to follow up in the first year and 8.3% were yakrée years. 969
children (89.3%) remained in the cohortfate years(226). Although the sample size is not
particularly large compared to some other cohort studies, attrition rates were low over the
first five years of the study. Follow up was by meahsymptom guestionnaires at one, three

and five years assessing asthma, eczema, rhinitis and medication use and by objective
measures of lung function ahree and five years. GP notes were reviewed for formal
diagnoseg24, 143, 226)The use of risktratified groups by means of skin prick testing is a

unigue aspect to this study.

| KAt RNBY Ay G(GKS WKAIK NARalQ 3INRdzZI ¢6K2 6KSST SR K
month of agg(227) Persistent wheee afterthree years was predicted by poor lung function
(228) Those children whose environment was controlled to reduce allergen exposure, used
significantly fewer asthma medications than those whose environmexg mot controlled

(229) Sensitisation to allergens was associated with a highevabence of asthm#228)

Dust mite exposure was associated with increased bronchial airway reactivity regardless of
prior sensitisation to dust mites, though asthma was more severe in those who were
sensitised(78). Similarly, sensitization to dogs and cats was associated with ag@80a

ETS was associated with an increased prevalence of ag280%and increases the risk of
wheezing in the first year of lifé47). Nursery attendance was associated with reduced
wheeze afive years. This association was strongest in those who attended nursery between
sixand 12 months of agé/3). Significantly more wheezers betwethree andfive years of

age had been prescribed antibiotics in the first year of life for LRTI when compared to non
wheezers. This may indicaterall for early antibiotic exposure in the aetiology of wheeze
(231) Exposure to particulate matter and nitrogen dioxide was associated with small but

significant reductions in lung volume growth in child@g2)

The Prevention and Incidence of Asthma and Mite Allergy (PIAMA) Birth Cohort Study

The Prevention and Incidence of Asthma and Mite )idiPIAMA) Cohort was established

AY NBaLRyasS GKS AyONBLFaAy3d LINBGEESyOS 2F | aGKY!I
(144) Recruiment ran between 1996 and 1997 in prenatal clinics in North, Middle, and
{2dziKgSad NBIAzya 2F GKS bSGUKSNIFYRa® azidKSNDa |
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questionnaire which allowed their child to be grouped by risk of atopy. This led to 3,963
children (~50% of those invited) being enrolled into the study. Children were split &mmss
sub studies; one investigating the effects of dust mites and the other investigating the natural
history of respiratory diseag@233) Mothers of the PIAMA study were more highly educated
and less likely to be from a nemestern population than the population the Netherlands.
They were however, just as likely to breastfeed and had a similar maternglLadg The
children were followed up with 10 questionnaires and medical examinations in theifjist
years. Aeightyears 92% of the participants were stiNolved in the studyin 2012 and 2013
participants underwent anthropometric measurements, lung function tests, and blood tests;

800 (around 20%) of the original cohort participai@d4, 234)

House dust mite imgrmeable covers provided a reduction in asthma symptoms for the first
two years of life(235) Asthma was increased aight years in children whose mother ate
peanuts daily during pregnan€¢236) Birth by caesarean section conferred a higher risk of
asthma ateight years, more so in those with allergic pareri37) Lower birth weight
increased the risk of respiratory symptoms in the ffige years of life and this relationship
was strongest in those exposed to EZ38) Breastfeeding reduced asthmaeightyears of

age regardless of a family history of atdfpy8) Exposure to microbial contaminants in early
life may have reduced asthma and wheezinghie firstfour years of life(239) Frequent
consumption of products containing milk fat reduced the risk of asthma symptoms in the first
three years of lifeg(240) Nurseryattendance increased the risk of LRTI in the first year of life
(184)and was associated with an increaseéspiratory symptoms untilour years of age

but fewer respiratory symptoms thereaftef74). Air pollution was associated with an
increased diagnosis of asthma in the first year of(i##1)and ateightyears of ag€242) In
contrast to previous thoughts, the PIAMA study described that those with nocturnal dry
cough in early childhood were nearly twice as likely to be diagnosddasthma at school

age(243)

¢KS ¢dz0az2zy [/ KAfRNBYyQa wSALANF G2NE { (dzR&
¢KS ¢dz0&a2y /KAt RNBYyQa wSALANI (2NE  { (dzReé
relationships of risk factors in the firtiiree years of lifejncluding LRTI, with chronic lung
disease in childhood and early adulthodihe study recruited 78%(1,246 childrei of all

those born in Arizona between May 1980 and January 1284) Participating mothers
tended to be married, older, have spent longer in education, have more household members
with a FH of atopy and have other older dnén. All other demographics were comparable

to the population of Arizong44) Drop at was 13% in the firdive years. 78% of the cohort
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remained traceable during 2002 and 60% of these were still living in Tucson. These are
relatively low attrition rates considering the length of {#®, 139, 14@ the study has been
running(45).

A large amount of data assessing risk factors was collected prenatally and biological samples

were taken at birth. In the firsthree year there werefour data collection points which

included questionnaires, skin pritdsts and pulmonary function tests with airway challenge

studies. Lung function was measured using rapid thoracic compression, helium dilution,

forced oscillation measurements and tidal breathing analysis. During any acute LRTI the

participants were asketb contact the research team for further assessment and serology

tests. Betweerthree years and 16 years of age, there were a furtf@rr data collection

sweepq45, 244) The integration of questionnaires, skingk testing, objective measures of

fdzy3d FdzyOlAz2y |yR F2NXIf | 3daSaayYSyid 2F we¢LQaxX KI

assessment during infections is a novel and unigue feature of this study.

LRTI occurred in 32% of infants in the first yddife. 17% and 12% of infants had a LRTI in
the subsequenttwo years. RSV was the most common cause of LRTI followed by
Parainfluenza viru245) Infants who had LRTI in the fithtree years of life demonstrated
reduced Ung function atsixyears and had a higher incidence of asthma at 11 ygkss
Breastfeeding for at least one month reduced LRTIs in theffitstmonths of life(173)
Infants born to younger mothers and nursery attenders were more at risk of (LR3)
Infants with nothers who smoked weréhree times more likely to have a LRTI in the first

three years, and the age of their first infection was low246)

The proportion of the cohort with an asthma diagnosis increased with every sweep of data
collection until 16 years of age. The highest incidence of wheeze in males was besiween
and eight years of age after which itetreased. Contrastingly the incidence of wheeze in
females increased after 10 yeai®9% of children that wheezed befotaree years had
stopped wheezing bygixyears of agé45). The diagnosis of asthma after 11 years of age was
not associated with wheezin the firstthree years of life, however it was associated with
wheezing betweersix and 11 yearsChildren who lived with other siblings had reduced
incidence of asthma symptoms betwesixand 13 year$60). Infants who were exclusively
breastfed and have mothers with asthma are more likely to have asthma and atopic disease
(72).

Infants who wheezed in the firghree years of life had lung function measurements

indicating smaller than normairways before their first LRTI. Those who wheezed in the first
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year of life and had one LRTI thyee years of age on average had reduced lung function
compared to those who did not wheeze. These observations form the hypothesis that future
wheeze and RTI may be predicted by premorbid reduced lung function in early childhood
(247)

¢tKS ¢dzO0az2y addzRe fSIFIR (2 GKS RSAONARLIIAZY 2
6 KSST SNBRé¢ 6 KSST BiRto RréeN@ays Bf lifé &8 hadl hoNBEféw episodes
thereafter. They were unlikely tbave atopic risk factors and had reduced lung function at

three years which improved (but had not completely resolved¥iByears(45).

dbnl G2LIAO 6KSSTSNEE O2ylGAydzSR (G2 6KSST S o0Sezy
life. They had a lowdung function atsixyears; it was unclear if this abnormality is present

before the initial LRTI. It was hypothesised that this wheeze is due to an increased response

to a viral infections due to abnormal control of airway tone. This abnormality maycesdu

with increasing agé45).

G!' G2LIAO oKSST SNEE 6SNB tA1Ste (sixysdrs@fdife.d KSA NJ
Atopic wheezes hatthe greatest reduction in lung function betweéree andsixyearsand

had the lowest level of lung functi atsixyears of agepossibly due to ongoing damage to

the lungs). Thehad a high level of serum IgE and were more likely to have an atopic mother

(45).
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Appendix 3Summary otarge NofBirth Cohort Respiratory Studies

The European Community RedpinaHealth Survey (ECRHS)
ERCHS was established in 1990 in response to the increasing prevalence of asthma in Europe
AYy GKS mdopynQad / dinaephfsed obthelstidpMss Kt S 6SSy

ECRHS 1 included 600 participants agesvben 20 and 44 years, randomly selected from

56 centres across Europe. Those who responded to an initial questionnaire were invited for
detailed respiratory assessment (including a questionnaire and spirometry with bronchial
response tests{249) The questionnaire included 71 items assessing respiratory symptoms,
exposure to risk factors of repository disease, the use of health services and medication use.
The guestionnaire was based on two validhtespiratory questionnaires; the International
Union against TB and Lung Disease questionnaire and the American Thoracic Society

questionnaire(249)

ECRH2 was a nine year follow updst which ained to determine the incidence and
prognosis of allergy, asthma, hay fever and eczema, describe the distribution of exposures
and risk factors, and identify sub groups that are more susceptible to the diseases in question.
ECRH2 also established a blood lbdor DNA extraction(250) The questionnaire was
modified to include questions from the ISSAC questionnaire and to represent the Global

Initiative for Asthma guidelines more clos€Rs0)

ECRH3 was a 4@ar follow up study. It aimed to describe the change in respiratory
symptoms over time. It assessed patterns of IgE sensitisation as the participants aged and if
atopic status and asthma are assaewith reduced lung function and Chronic Obstructive
Pulmonary Disease (COPD) development. It also described associations between obesity,

physical exercise, asthma and lung funct{248)

The ECRHS has shown that there is a laagiety in the prevalence of asthma throughout
Europe. It is highest in English speaking countries and lowest in the Mediterranean and
eastern European regiorf51) this correlates with warm winters and cold summgzS52)

There has been an increase in the diagnosastima attacks and medication use but not in
the prevalence of symptoms over this time. This could be due to better diagnosis leading to
more people being labelled as asthmatic, or the increased use of effective treat{2&3s

The ECRHS has strongly supported the hygiene hypothesis of asthméaeagyt ahildren

with pets had less atopy and hay fever, and it was beneficial to grow up on(&&h)
Children who had early exposure to other children, larger families, shared a bedroom and

owned a dog in childhood were less likely to become atopic in adultfiimt) Other factors
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that were associated with increased asthma in adulthood included indoor mould growth
(255) passive smokin@256) and parental smoking, low maternal age, severe respiratory
infection in early life, and long term dog keepi{®p7) It has been shown that respiratory

symptoms have a detrimental effect on the Q@b8)

The International Study of Asthma and Allergy in Childhood (ISAAC)

The ISAAC aimed to describe the worldwide variation in prevalence and severity of asthma,
rhinitis and eczema, obtain baseline measures of these diseasksrovide a framework for
future aetiological studies of environmental, lifestyle and genetic studies of these diseases
(105)

The study hadhree phases:

1- Determining the (variation of) worldwidgrevalence of diseases &ix to seven year
olds and 13 td 4 year oldg105)

2- Investigate possible aetiological and risk factors for the dise@&3

3- Repetition of phase 1 to assess trends in severity and preva(266¢
The study has shown that there is worldwide variatiorthe prevalence of the diseases in
question, which worldwide variations of smoking and air pollution cannot be made
responsible fo(261) Population level variation in susceptibility to allergic sensitisatiop ma
party be responsible for the variations in prevalence. Countries with an incidence of
Tuberculosis showed a lower prevalence of astliitd The prevalence of asthma was lower
in rural areas than urban ones, being lowammongst farmerg75)and in households with
higher levels of dust endotoxiri€4). In contrast, there was an association between pertussis
and measles and asthma and rhin{{&62) Respiratory symptoms were shown to be higher
in damp household§263) Asthma was associated with an increase in indoor humidity and
was lower in areas with higher alile and a larger variation in temperatu(@3). Eczema
correlated positively with increasing latitude and negatively with increasing temperature
(63).

Diet may also play a role in the aetiology of asthma. Areas with higher trans fatty acid
consumption showed higher levels of asthma, rhinitis and ecz@t®a In contrast, areas

GAGK KAIKSNI FAAKI FTNHzZA G +FyR @S3aSilrofS 0O2yad:
levels of wheez€76). Obese and overweight children were shown to have higher levels of

wheeze and increasairway obstruction264) Breastfeeding was shown to beopective of

wheeze in noratopic children and this was most apparent in raffluent areas. There was

no association shown between breastfeeding and alld&fb) Phasethree has shown a
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worldwide increase in thg@revalence for all of the diseases in gtien in children aged
between six and seveyears. However asthma was reduced in children aged 13 to 14 years

of age, more so in areas with a high original prevald26€,266)

The Leicester Respiratory Cohort

The Leicester Respiratory Cohort was set up in 1990 due to the lack of respiratory studies in

preschool children. It aimed to determine the prevalence, natural history, risk factors,

phenotypes and trends of asthma@ other respiratory disorders in preschool children.

[ SAOSaGSNRa fFNBS {2dziK ! aAly LRLJAFGA2Yy | ft26S)
this ethnic minority(108)

Two cohorts were selected at random from the Leicestershire health authority child health
database. The 1990 cohort contained 1,650 children born between 1985 and 1990 and the
1998 cohort consistedfd,700 children born between 1993 and 19908) The selection

was random and the sample was stratified so the cbltontained selected numbers of
children of each age group upfiour years old. The cohorts were shown to be representative

of the population of Leicestershif@08)although the participants that responded tended to

be of higher social economic class and have a higher maternglL&gg Participants were

sent questionnaires base on validated questionnaires at baseline and every few years
thereafter and were invited for physical examination in the early school years. Baseline data
was 100% due to the use of routine data. Response rates for the 1990 cohort were 86.2% in
1990, 79.1% in 1998 and 57.3% in 2003. For the 1998 cohort there were 78.3% in 1998, 59.6%
in 2001 and 48.6% in 2003. The high attrition rate was due to change afssddith nearly

half of the participants moving house at least once during the s{a@g, 109, 267, 268)
Around 60% of those invited for laboratory studies attend&d8)

In 1990 11% of the cohort had a doctor diagnosis of asthma, 16% wheezed with 13% of these
having repeated attacks; in 1998 the percentage of the cohort daittor diagnosed asthma

and wheeze was 19% and 29% respecti{@8y) 10% of children snored regularly and nearly

half of these continued to do so &bur years(269) It was shown that fewer than half of
preschool wheezers continue to wheeze at school age and those wittoaictoough tend

not to wheeze two to fouryears later(270) In contrast to what ws previously though,
vaccinations were not associated with an increased risk of wheeze and appeared to be
protective against late onset wheeze. It has been hypothesised that allergen induced wheeze
and infection induced wheeze may be completely differentireties (271) Breastfeeding

was associated with better lung volume in those barmsthmatic mothers. Those that were
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breastfed forfour months had better peak flows irrelevant of a FH of astiig¥®) This study
has helped to develop a simple tool for identifying the risk of continuing to whatgchool
age in preschool wheeze(273) The South Asian population had less wheezing than the

white population but had a higher rate of admission to hosgital)

The Wythenshawe Community Asthma Project (WY CAP)

WYCAP is a lofigrm prospective observational study of respiratory illness and asthma
which observes two cohorts from two GP practices in Manchiekteras designed to develop

a method for identifying those with asthma and COPD in the community both known and

unknown to medical services and to evaluate the cost of treating these indivi@Tals275)

Three postal respiratory questionnaires were sent to 11,206 patients between 1993 and
1999. The questionnaire was based on the European Community Respiratory Health
Questionnaire with additional questions to assess FH of asthma and current smoking.
Participantswere likely to have asthma if they scorémlr or more. Non responders were

sent two reminderdour and eightweeks after the initial questionnair@74)

13.8% of patients aged 16 years or over had asthma like symptoms and around half of these
were unknown to health services and may benefit from further investigation or management
(274) The questionnaire showed a good positive predictive value in identifying those who
clinicians thought would benefit from a trial of medicati(#v5) The workload of assessing
these unknown patients would be unfeasible aadmethod of prioritising patients was
successfully established using the 1995 and 1999 (£at8) It was estimated that 10% of

the children might have had asthmthat was unknown to medical services. The
guestionnaire was deemed to be valid in identifying children who may have asthma and may
benefit from clinical review in théive to 15 year old population when compared to expert
opinion (277) The number of children that woul@quire clinical review was between 3.5%

and 8%; this would significantly increase the workload of GP pra¢#z&$

It has been shown that from 1993 to 1999 the prevalence of wheeze, being woken by cough
and the recipient of asthma medication has increased in adultdbateased in children;
this was more likely to be due to an increase in COPD in adults rather than the reduced

asthma in childrer§278)



Appendix 4Birth cohort studies not discussed in the current thesis

Study Gountry Year Cover Participants Outcome Aims
To determine the in importance of
environmental factors in diabetes
devebpment, how genetic and
All Babies in South East . environmental factors interact, whether
Sweden(279) S 1997 Regiend 17055 interventions change lifestyle and
reduce obesity and diabetes, and build
biobank for studies on diabetes, obesity
and immune mediated diseases.
. To determine Effect of the
E:ﬁig&'znzl)he Czech Czech Ragblic | 1991 Regional 7589 socioeconomic change in the country in
1989 on health.
To identify early environmental and
. . genetic causes leadyto abnormal
Generation R280) Netherlands 2002 Regional 9778 growth, development, and health during
foetal life through to adulthood.
To assess the role of different exposure
German Multicentre Multicentre (mite allergen, cat allergen, ETS,
Allergy Study(281) Germany 1990 Regional 1314 infectious dsease, vaccinations) in the
development of asthma.
To identify the determinants of
Growing Up In New developmental trajectories and what
New Zealand = 2009 Regional 6822 optimises these trajectories.
Zealand(121) .
To assess development and its
association with ethnicity.
Growing Up In Scotland _ To generate Scottish_ specific dat_a abou
(282) Scotland 2004 National 14000 outcomes hrough chl!dhood anq into
adulthood across various domains.
To assess associations between materi
The Amsterdam Born lifestyle, medical, psychosocial and
Children and their Netherlands 2003 Regional 8226 environmental conditions during
Development(283) LINEAyl yOe |yR OKAC
later life.
To study the effects of environmental
The Bern Infant Lung . . and genetic risk factors on the
Development Cohor{284) Switzerland 1999 Regional 364 (2009) physiological properties of the
developing lungs in healthy individuals.
To determine cause of reproduction
The Danish National Birth 1996 . failures, pre/perinatal determinants of
Cohort(285) DIEITEN 2002 | National Sy childhood health and improve
infrastructure for future studies.
The Dunedin To study the nature and prevalence of
Multidisciplinary Cohort New Zealand @ 1972 Regional 1037 some dev_elopmental and health
Study(286) problems inthree year olds and some
risk factors for these problems.
To assess the influences of early growtl
The HelsinkBirth Cohort . . and living conditions on long term
(287) AT s REgEmE! £252d health, including cardiovascular disease
psychological disease, aging and cance
To examine the effect of ETS exposure
The Hong Kong Chinese . . and breastfeeding on infant health and
Birth Cohort(288) China 1997 Regional 8327 health care utilisation in the first 18
months.
To describe prenatal exposure to
. olluting agents in Spain and to evaluat
The INMA Study289) Spain il Mult_lcentre 3887 iF:npact ?)f ;?re and poFs)mataI exposure to
2008 Regioral .
polluting agents and the effects of
genetics and nutritional factors.
. To determine the effects of PAH
-sr?f dg(rgggg’v Birth Cohort Poland 2002 Regional 493 components on foetal growth and early
childhood health.
The MaterUniversity To investigate the factors associated
Study of Pregnancy and Australia 1981 Regional 7223 with adverse pregnancy outcomes.
Childhood(291)
¢KS az2diKSNJ I Multicentre To determine the roles of biaerosols,
Environmental Health Korea 2006 Regional 892 heavy metals and endocrine disrupting
Study(292) chemicals in adverse birth and health
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¢CKS bldA2ylf
Study(293)

The North Finland Birth
Cohorts(294)

The Norwegian Mother
and Child Cohort Study
(295)

The Pelotas Birth Cohort
Study(296)

The SELMA Stud97)

The STEPS Stu(98)

The Stockholm Birth
Cohort Study(299)

The Swiss National Cohort
(300)

The Toyama Birth Cohort
Study(301)

USA

Finland

Norway

Brazil

Sweden

Finland

Sweden

Switzerland

Japan

1999

1996
1985

1999

1982

2010

2008

2004

2006

1990

Multicentre
National

Regional

National

Regional

Regional

Regional

Regional

National

Regional

5608

1966-12231
1985 9479

110000

5914

2582

1827

1953 15117

198013838

7452075

8274

outcomes. To assess the interaction
between environmental factors and
genes in diseasgevelopment.

To study the process of human
development from conception to old
age.

To examine risk factors for preterm birtk
and intrauterine growth retardation and
subsequent morbidity.

To build a knowledge base on the caus
of serious disease.

To assess the effects of breastfeeding,
and other chronic disease risk factors.
To investigate early life exposures durir
pregnancy and infancy to environmenta
factors with focus on endocrine
disrupting chemicals.

To determine the precursors and cause
2T NBRdzOSR OKAt RQ:Z
To study intergenerational life course
associations with heditdisease and
mortality.

To build and maintain the first
nationwide cohort with data linkage and
develop measures of socioeconomic
status and procedures to dntify deaths.
To study of lifestyle and health among &
children.
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Appendix 5Adult respiratory symptoms questionnaires

King's Brief Interstitial Lung
Disease (BILD) health
status questionnaire

K-BILD health status questionnaire was developed to assess tf
health status of patients with interstitial lung disease. Itis a 15
item questionnaire which assesses three domains; breathlessr|
and activity, psychological and chest syomps. It has been
shown to be a valid setfompleted questionnaire for the
assessment of health status in patients with interstitial lung
diseasg302) A minimal informant difference has been
determined for the response to therag03)

St Georges Respiratory
Questionnaire

The St Georges Respiratory Questionnaire is eceetpleted
guestionnaire with 76 items assessing symptoms, their frequer
and severity, activity limitation and the impacts on psychologic
and social functioning. It has been validated, showing good
repeatability and sensitivity and is comparable with stardised
measures in adults with chronic airflow obstructi(@04) asthma
(305)and bronchiectasié306) There has been a CORD7)and
Idiopathic Pulmonary Fibros{808)specific versions developed
and validated.

The Asthma Control Test

The asthma control test isfave item questionnaire assessing
symptoms, use of rescue medication, and the impHasthma
on everyday functioning309) It has been shown to be valid and
reliable in screening those with poorly controlled asthma in a
multinational study(310)and is responsive to changes to asthm
control (311)

The Chronic Respiratory
Questionnaire

The Chronic Respiratory Questionnaire was developed to prod
a measure changes of quality of life in COPD patients after
treatment. It is a cliniein completed questionnaire which
3a8aasSa ReaLy2S8Ix FFdA3dzsSs
feeling of control over their disease. It has been shown to be
precise, valid and responsive measure of quality of life with go
internal consistency312)

The Clinical COPD
Questionnaire (CCQ)

The CCQ was developed to aid clinicians to identify thesalini
status, activity limitations, emotional dysfunction and clinical
improvement in COPD patients. It has 10 items assefisiag
domains (symptoms, functional wellbeing and emotional
wellbeing) by a ‘point Linkert scale. It is a valid, reliable and
responsive measure in COPD patients and is useful in identifyi
WG NRAa1Q LIFadASyda |yR I &aas
smoking cessatio(813)

The COPD Assessment Tes
(CAT)

The CAT was developed to help assess health status in COPL
patients and enhance communication between clinician and
patient. It containseightitems assessing cough, phlegm, chest
tightness, breathlessness going uphill or upstairs, activity
limitation at home, confidence on leaving the home, sleep and
energy(314) It is a sensitive, valid and reliable standardised
measure of COP(315) It has been shown to be useful in
measuring pulmonary rehabilitation respong&l6)and changes
in health following acute exacerbatio317)

The International Union
against Tuberculosis
Bronchial Syptoms
Questionnaire

The International Union against Tuberculosis developed the
Bronchial symptoms questionnaire to measure the prevalence
and distribution of asthm#318)and has shown good
repeatability across Europe ganularly in questions that assess
asthma and wheeZ819)

The Leicester Cough

Questionnaire

The Leicester Cough Questionnaire was developed to assess
quality of life in adults with Chronic Cough. It is adyali
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repeatable, 19 item questionnaire assessing QoL three
domains; physical, psychological and social wellbgag) Itis
useful in assessing acute cou@21) nonCF Bronchiectas{822)
and COP[B23)

The Medical Research
Council (MRC)
Breathlessness Scale

The MRC Breathlessness Scale comprisBgadtatements
describing the disability associated whheathlessness, from no
respiratory capacity to almost complete capadi®g4) It can be
selfcompleted or completed by an interviewé324) It has been
usedfor stratification of treatment, survival prediction and
disability measurement in COPD Patief385)

TheQuality of Life for
Respiratory lliness
Questionnaire (QOLRIQ)

The QOLRIQ consists of 55 items assessingndomains;
breathing problems, physical problems, emotions, general
activities, situations that triggered or enhance breathing
problems, daily dorastic activities and social
activities/relationships/sexualit{326) It has been shown to be
sensitive to change longitudinally and is valid and reliable in
measuring QOL in moderate to severe COPD and ag{Ba7a

The Wisconsin Upper
Respiatory Symptom Survey

The Wisconsin Upper Respiratory Symptom Survey is a
continuation of work by Jackson et al. in 198@8)which created
a standardised measure of the symptomatic and functional imy
of the common cold329) The questionnaire contains 44 items
assessed on se\en point scale(329)and is valid, responsive,
reliable(330)and correlates with biomarkers of respiratory
diseasq331) A smaller version containing 22 items has been
validated(330)
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Appendix 6StudyProtocol

Study Protocol

The Liverpool Respiratory Birth
Cohort Study

A Prospective, Longitudinal Birth Cohort study using the Liverpool
Respiratory Symptom Questionnaire to conduct a biannual assessment
of the respiratory symptoms of preschool children born in Liverpool
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
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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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Introductions

A literature search of birth cohort studies that explore respiratory symptoms
revealed 129 studies conducted between 1961 and 2011 written in the
English language. Of these 129 studies 17 separate respiratory birth cohort
studies were identified. Among the UK studies identified are the AVON study
using the Bristol cohort, the 'Children of the 1950's and the National Child
development study. International studies specifically focusing on respiratory
symptoms include the Tucson Cohort and the ISAAC study. All use a
respiratory questionnaire to assess respiratory symptoms, but none assessed
the impact of respiratory symptoms on both preschool children and their
parents. The Liverpool Symptom Questionnaire (LRSQ) is specifically
designed to assess the impact of respiratory symptoms on preschool children
and their parents. This study is the first proposed birth cohort study to use the
LRSQ.

Over the last few decades numerous questionnaires have been designed to
explore the respiratory symptoms of adults and children. Many studies have
since been conducted to examine the validity of these questionnaires.
Questionnaires may be delivered by an interviewer, be completed by either
the patient themselves or by the parent’s of the patient. Self-completion
questionnaires have proven to be more economical and also help reduce

observer bias when compared to interview questions .

A literature search was conducted using Medline. Keywords searched include
‘respiratory’ ‘symptom’ and ‘questionnaire’. The results were limited to the
dates 1991 to 2011. In total 775 articles were identified and reduced to 69
after reviewing titles and abstracts to determine relevance. The 69 articles
related to 36 different respiratory symptom questionnaires for both children
and adults and enabled identification of the most commonly used

questionnaires.

Questionnaires for respiratory symptoms commonly used in adults include the
St George Respiratory Questionnaire (SQRQ), the American Thoracic Society



Standardized Respiratory Questionnaire (ATSq), the Global Allergy and
Asthma European Network Questionnaire (GA2LENQg) and the MRC
respiratory symptom questionnaire. The most commonly used questionnaires
in the studies identified are the SQRQ and modified versions of the ATSq.
The primary symptoms explored using the questionnaires are cough, wheeze,
and breathlessness. Many studies have edited existing questionnaires to
include questions on smoking, occupational hazard and various other
exposure or occupational respiratory hazards. The most commonly used
questionnaire’s available specifically for children include the ISAAC
questionnaire for ages 6 years to 13 years, and the Test for Respiratory and
Asthma Control in Kids (TRACK). Both questionnaires have been validated by
numerous studies. Many of the adult questionnaires explore the impact of
respiratory symptoms upon the patient. The St Georges Questionnaire for
adults addresses the affect of respiratory symptoms upon patient but not upon
the family. The Wisconsin Upper Respiratory Symptom Survey (WVRSS 44)
includes questions on whether the persons cold has affected their daily
activities, work inside and outside their home, interact with others and
personal life '°. The Living with Asthma Questionnaire explores the impact of
asthma on the person completing the questionnaire, however this is a
questionnaire designed for adults and is specific to Asthma and doesn’t

necessarily incorporate any other respiratory condition %°.

As discussed many adult questionnaires explore the impact of respiratory
symptoms upon the patient and their lives. However, currently no preschool
questionnaire for parental completion explores the impact of these respiratory
symptoms on the children and their parents. There are also very few
respiratory questionnaires validated specifically for the preschool age groups

and the LRSQ addresses both these issues.

The Liverpool Respiratory Score Questionnaire (LRSQ) is a validated tool that
explores the prevalence of respiratory symptoms in infants and preschool
children. This parental completion questionnaire was first designed using
established criteria, as a follow up tool for use in neonatal studies where the

outcome of children two to three years of age was of interest. A unique
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feature of the LRSQ is that it also explores the impact of wheeze attacks and
other respiratory symptoms upon the child and their family. The LRSQ
consists of nine domains. Each domain contains between three and five
questions seeking responses scored on a five point Likert scale from “not at
all’ (score 0) to “every day” (score 4) The first six domains assess respiratory
symptoms such as wheeze and cough. The next two assess the effect on the
child and their family. The final section asks for details regarding medication,
GP/clinic visits, hospital admissions and labels given. All domains ask parents
to consider symptoms/effect over the last three months.

Birth Cohort studies are an invaluable tool for studying the epidemiology of
specific populations. This study aims to map the natural history of respiratory
symptoms of preschool children born in the Liverpool. It is likely to be an
invaluable tool to assess the complex relationships between childhood
respiratory symptoms and deprivation, premature birth, birth weight, smoking
in pregnancy and smoking by household members. Liverpool is recognised as
being of the most deprived cities in the England with high rates of cigarette
smoking 2'. This permits for reliable studies into these effects and makes
Liverpool an ideal location for a birth cohort study. The majority of births occur

at one centre facilitating recruitment.

Work underpinning this study

Three studies have been conducted using the LRSQ. The first, by C V Powell
et al (2002) developed and validated the standardised questionnaire %. After
reviewing other questionnaires we find that most do not explore the impact of
specific respiratory symptoms, including wheeze, on the child and their family.
However, the LRSQ does this well with two of 9 domains exploring the impact
of respiratory symptoms on both the child and their family. A relatively small
cohort was used for initial exploration of the questionnaire, however the
authors justify this as a reasonable number, as other questionnaire used
similar figures. After assessing particular areas such as response rates and
reliability, the authors demonstrated that it is an acceptable questionnaire,
easily completed, with good response rates 22 However they did not attempt
to examine the readability in detail or looked at factors, which may affect

responses %,



The second was a cross sectional study that explores respiratory symptoms in
Cystic Fibrosis #* .This study also further validated the questionnaire’s
external and internal validity. The study showed that the LRSQ has good
internal validity across 6/8 domains. It covered an extensive number of
symptoms while also maintaining acceptability. It also demonstrated the
LRSQ as a potential tool for assessing and monitoring respiratory symptoms

in preschool children with cystic fibrosis.

A small, unpublished cross-sectional study has also been conducted using the
Liverpool cohort, which used the LRSQ to explore respiratory symptoms in
infants following exposure to RSV bronchiolitis. This study again
demonstrated good internal validity using the Cronbach’s coefficient but also
enabled identification on small issues with the design of the questionnaire with
the possibility of many improvements that may help with data collection and

improve the clarity of the questionnaire.

Justification of this study

A literature search was conducted identifying birth cohort studies that feature
a respiratory component. Among the UK birth cohort studies identified were
the AVON study a large longitudinal birth cohort, which recruited over 14,000
pregnant mothers from the Bristol Cohort 2. The ‘Children of the 1950's’ is a
large study conducted on the Aberdeen cohort followed children born in the
1950’s up until adult life. The British National Child Development Study
(BNCDS) started in 1958 and recruited all births within one week in the UK.
International studies specifically focusing on respiratory symptoms include the
Tuscon Cohort and the International Study of Asthma and Allergy in Children
(ISAAC) study. Both of these use a respiratory questionnaire to assess

respiratory symptoms, but did not apply it in preschool children.

The LRSQ has demonstrated potential as a tool for assessing respiratory
symptoms in preschool children. The validity and utility of the LRSQ have
been assessed in two previous studies, demonstrating it to be a useful tool for

assessing respiratory symptoms in preschool children however further
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validation is required, using a larger cohort of patients. Many large birth cohort

studies have been conducted in the UK and Internationally.

This is the first proposed prospective birth cohort study to use the Liverpool
Respiratory Symptom Questionnaire. This study will enable a large range of
information regarding respiratory symptoms of preschool children and other
risk factors predisposing children to respiratory and related disease. It enables
numerous future studies to be conducted using the data collected. It allows
exploration of respiratory symptoms in relation to demographic details and
details of exposure to risk factors which is particularly of interest in Liverpool,
as it is considered to be one of the most socially deprived cities in the United

Kingdom?".

Research Method

Study design

This is a longitudinal birth cohort study using the parent completed Liverpool
Respiratory Symptom Questionnaire (LRSQ) to assess preschool children’s
respiratory symptoms from birth up until the age of five years old. This study
will also provide the opportunity for additional cross-sectional studies to be
conducted on the patient group recruited and the results gathered. It is
important to note that there will be no specific interventions made by the

study.

Setting: Children normally resident in Liverpool postcodes L1-38.

Recruitment

We propose a maximum recruitment strategy and aim to recruit as many
infants born at the Liverpool Women’s Hospital as possible from January
2013. Recruitment will be limited only to parents domiciled within the Liverpool
postcodes L1-38.



Newborn infants will be recruited during their mothers stay prior to discharge
from the Liverpool Women’s Hospital. Research students will personally
provide information to mothers about the study verbally and in the form of a
postcard while the mothers are at the Liverpool Women’s Hospital. 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. Mother’s hospital stickers will also be attached to the
postcard. In addition, the postcard will also include a QR(2D) bar code which
mothers may scan using their smart phones. This QR code will direct
participants immediately to an online version sign up version of the postcard.

Once completed, research students will collect the postcards. Alternatively
mothers, midwives or volunteers at the Liverpool Women’s Hospital may
deposit the postcards in a collection box. Once the research team have
received the postcards contact details will be uploaded to the database sorted
on the University of Liverpool's secure server. Within a week, parents will be
sent an email thanking for their interest in the study. The next point of contact
will be when the baby is four months old. An email will be sent to the mother,
which will include a link to the initial online questionnaire. This email will
include; information about the study, consent, questions regarding
demographic and exposure details and the LRSQ in a series of separate but
easily understandable pages. Mothers may alternatively opt to receive the
postal questionnaires, which will be first sent within a week of the baby being

four months old.

Recruitment material will make no therapeutic promises, as this is only a
descriptive study. The inclusion and exclusion criterion ensures that no one is
unfairly excluded from the study. All data collected will be automatically
deposited on a password database on a secure server in the University of
Liverpool. Where parents have indicated that they would prefer hard copy
(paper) correspondence, this will be sent with a stamped address envelope
for return. The research student will enter this data by hand. Data will be
imported into an SPSS database on a case-by-case basis.
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Follow Up

Consent will be obtained when the initial questionnaire is sent, four months
after birth. Following that, a second email will be sent six months later and
every six months thereafter until the child is five years old. This repeat mailing
questionnaire will provide an option for participants to update any contact
details and will include demographic and exposure questions and the LRSQ

questions.

In addition, on the date of their child’s birthday, mothers will receive a
personalised email thanking them for taking part in the study and wishing their
child a happy birthday. In the case of no reply, two reminder emails will be
sent and if no response this will be followed by one contact by telephone and
one postal contact as email addresses and telephone numbers may have
changed over time. Each contact attempt will be two weeks after previous
attempts. For mothers without email addresses or access to computers,

reminders will be made by telephone and mailed by post.

With each email sent, mothers will be given an option to sign up to updates

regarding recruitment and reports on any preliminarily findings. Families who
move out of the area will be asked to continue their involvement. Contact will
continue by email and telephone. The questionnaire will include an option to

update place of residence among other details.

Data Collection

Data will be linked from the on-line Adobe Forms Central Survey software into
a SPSS database on a case-by-case basis throughout the duration of the
study. The data collected from postal questionnaires will be inputted into the
online survey manually by and subsequently inputted into the database by the
research student.

Inclusion criteria
All infants born at the Liverpool Women'’s hospital, including premature births,
where parents are normally resident in Liverpool postcodes (L1-38)

regardless of future residence.
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