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Errata  
The following amendments have been made to this thesis following Viva Voce examination 

on the 26th of September 2013. 

Section 1.2 The Burden of Respiratory Disease. This section discusses the indirect impact 

of respiratory disease upon children and their families, as well as the significance and 

benefits for clinicians and families of measuring this impact. (Pages 15-16) 

Section 1.3.5 Review of Birth Cohort Study design: This section now includes a critical 

appraisal of birth cohort study design. (Page 35)  

Section 3.5.2 Methods: Now clarifies and explains the testing order of SelectSurvey.NET 

and Adobe FormsCentral on mothers during the second feasibility study. (Page 75) 

Section 4.2.3 Results: This section has been amended to contain 95% confidence intervals 

for the recruitment rates reported in the four week recruitment pilot. (Pages 90-92) 

Section 4.2.4 Discussion: The discussion in this section has been amended to reflect the 

changes in the range for the true population value in Section 4.2.3. (Pages 92-93) 

Section 5.3.4 The Liverpool Respiratory Symptom Questionnaire: This section discusses 

the current limitations of the analysis of LRSQ symptom domain scores in comparison to 

the scores in the quality of life domains, and explains that this analysis has yet to be 

validated. (Pages 120-121) 

Section 5.4.7 Limitations: This section appraises the potential bias of the seasonality of 

respiratory symptoms in the analysis of results due to the increased prevalence of both 

infectious and non-communicable causes of symptoms during the winter months. (Page 

127) 

Section 6.1 Discussion The discussion further explores the possible causal relationship 

linking social deprivation and respiratory disease, and suggests how the LRBCS may be able 

to distinguish between competing theories. (Page 131) 

Additionally, minor spelling and grammatical errors have been corrected throughout this 

thesis.  
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I. Abstract  
Background The Liverpool Respiratory Birth Cohort study (LRBCS) is a prospective, 

longitudinal population based birth cohort study of respiratory symptoms in preschool 

children domiciled within Liverpool postcodes L1-L38 at the time of birth. Researchers 

ǇŜǊǎƻƴŀƭƭȅ ǊŜŎǊǳƛǘ ƴŜǿ ƳƻǘƘŜǊǎ ǘƻ ǘƘŜ ǎǘǳŘȅ ŘǳǊƛƴƎ ǘƘŜƛǊ ǎǘŀȅ ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ 

Hospital. The study uses either an online or paper version of the parent-completed 

Liverpool Respiratory Symptom Questionnaire (LRSQ) to investigate the prevalence of 

respiratory symptoms, such as coughs, colds and wheezing alongside an exposures and 

demographics questionnaire.  

Aims and Objectives To further develop the concept of the LRBCS; to finalise the content 

and design of questionnaires and research materials for the study, as well as test the 

feasibility of conducting the study online. A further aim was to identify the most effective 

recruitment strategy for the study and then to proceed recruiting mothers to the LRBCS. 

The final objective was to conduct preliminary analyses of results from the initial 

questionnaire.  

Methods Research students performed two feasibility studies and developed the 

appearance and content of questionnaires with input from mothers. Expression of interest 

were obtained from eligible mothers on the Ǉƻǎǘƴŀǘŀƭ ǿŀǊŘǎ ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ 

Hospital. Mothers provided full consent and fully enrolled their child when he or she was 

aged four months. Questionnaires were distributed by automated emails or by post. 

Returned questionnaires were analysed by descriptive statistical methods. The internal 

validity of the LRSQ was assessed by calculating CrƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŎƻŜŦŦƛŎƛŜƴǘǎ to assess 

internal validity. 

Results 1685 expressions of interest were received from eligible mothers between January 

and June 2014. 177 questionnaires were returned to the research team. There was a 25% 

participation rate (33% online and 7% postal). Preliminary analysis demonstrated some 

differences between participants and the general Liverpool population; mothers who 

respond were older, more educated, more likely to breastfeed and less likely to smoke 

cigarettes. Children exposed to household cigarette smoke had significantly higher LRSQ 

scores than those who were not exposed, which indicated that these children have a higher 

prevalence of respiratory symptoms. Seven out of the eight domains of the LRSQ had 

acceptable-excellent internal validity.  
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Chapter 1 

Introduction  

1.1 The Liverpool Respiratory Birth Cohort Study  

The Liverpool Respiratory Birth Cohort Study (LRBCS) is a prospective, longitudinal birth 

cohort study that uses the self-administered Liverpool Respiratory Symptom Questionnaire 

(LRSQ) to conduct a biannual assessment of the respiratory symptoms experienced by 

preschool children in Liverpool from birth to the age of 5.(1) The LRSQ uses a number of 

domains to describe the prevalence of commonly occurring respiratory symptoms, 

including cough and wheeze, but is unique as it also explores the impact of such symptoms 

upon family function and quality of life. Table 1.1 summarises the outcome measures of the 

LRSQ in detail. The LRSQ will be used alongside an exposures and demographics 

questionnaire, that explores socioeconomic and sociodemographic risk factors for 

respiratory disease, such as deprivation, parental cigarette smoking, breast feeding and 

overcrowded housing, as well as any relevant past medical history, such as prematurity or 

chronic illness. This allows researchers to examine the prevalence and natural history of 

respiratory symptoms within preschool children living in Liverpool.   

   It is this assessment of both the prevalence and impact of such symptoms on this 

specific population and their parents that make the LRBCS a unique and valuable study.  

There have been several international studies that have used questionnaires to assess 

respiratory symptoms and their impact in adults(2-4) and furthermore, there have been birth 

cohort studies in the United Kingdom that have contained respiratory elements.(5, 6) 

Although some adult questionnaires explore the impact of these symptoms upon quality of 

life, as yet, no study has described the impact of respiratory illness in a preschool 

population. This study will be the first birth cohort study to do so and will use the 

aforementioned LRSQ.  
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Mothers will be recruited to the study shortly after the birth of their child, and will 

complete the questionnaire, either online or by post, twice a year, commencing when their 

child reaches four months of age. The questionnaire has previously been validated for use 

in a paediatric context, however this study will provide the opportunity for researchers to 

further validate the eight domains of the questionnaire upon a larger sample of children. 

The LRBCS will be the first study to use the LRSQ longitudinally.(1, 7) Responses from mothers 

will be linked longitudinally in a database to allow researchers to gain insight in to how 

respiratory symptoms change over time in individuals. It will also to permit researchers to 

investigate the changes in the patterns and prevalence of respiratory symptoms within the 

Liverpool preschool population over a period of five years.   

 Uniavariate and multivariate analyses will be performed using linear regression 

analysis to compare LRSQ scores with presence of exposures for respiratory disease. 

Structural equation analysis and multinomial regression analysis may also be used to assess 

any relationships found between these exposures and respiratory symptoms in our 

preschool cohort. Further validation of the LRSQ will also be performed by calculating 

CronbachΩǎ alpha coefficients for the questionnaire, and the modified questionnaire using 

demographics and exposures will also be validated.  

There are a number of factors that make Liverpool a desirable location to conduct a 

birth cohort study. It is of significance that the city has been recognised as being one of the 

most socioeconomically deprived cities in England, with high rates of cigarette smoking and 

associated respiratory illnesses.(8) Children domiciled in the city are at higher risk of hospital 

admissions for bronchiolitis and are more susceptible to wheezing disorders than children 

Table 1.1 Outcome Measures of the Liverpool Respiratory Symptom Questionnaire 

Domain Respiratory symptoms in last 3 months Questions 

1 Daytime symptoms Wheezing 
Cough 
Rattly chest  
Dyspnoea 

2 Night-time symptoms 

3 Number of colds, symptoms during 
colds 

4 Intermittent symptoms 

5 During Activity 

6 Other symptoms Noisy breathing not from chest, 
tachypnoea, noisy breathing from 
back of throat. 

7 Effect on child Feeding, waking, reducing activity, 
caused tiredness 

8 Effect on Family Limited activities, adjustment to 
family life, disturbed sleep and 
worry. 
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living in other parts of England.(9) CǳǊǘƘŜǊƳƻǊŜΣ ŘǳŜ ǘƻ [ƛǾŜǊǇƻƻƭΩǎ present and past 

industrial activityΣ ƛǘ Ƙŀǎ ōŜŜƴ ƘȅǇƻǘƘŜǎƛȊŜŘ ǘƘŀǘ ǎƻƳŜ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ŘƛǎǘǊƛŎǘǎ Ƴŀȅ ōŜ ŜȄǇƻǎŜŘ 

to significant levels of airborne dust pollution. Previous studies have demonstrated a 

correlation between these geographical areas and an increased prevalence of asthma and 

other respiratory symptoms.(10, 11) The pre-existing knowledge about the prevalence of 

respiratory disease in the residents of Liverpool permits for reliable studies into the effects 

of these exposures, thus making Liverpool an ideal location for a birth cohort study.  

Approximately 8,500 births occur annually at the one centre facilitating recruitment, which 

is the largest single site maternity hospital in Europe. This permits researchers to access the 

vast majority of children born in the city. 

 

My involvement with the LRBCS commenced in July 2012, after the study protocol (see 

appendix 1 for study protocol, Pickles & Semple 2012) and supplementary documents 

including draft versions of study materials had been finalised. Ethical approval had already 

been granted by proportionate review in May 2012 by the East Midlands Research Ethics 

Committee, part of the NHS Research Authority (Reference: 12/EM/1904). 

 

1.2 The Burden of Respiratory Disease 
Population based studies that explore respiratory morbidity and symptoms are of interest 

to researchers because respiratory conditions represent a significant burden to healthcare 

services in the United Kingdom (UK).(12) Respiratory conditions are estimated to cost the 

National Health Service (NHS) £6 billion annually, and respiratory complaints are amongst 

the most frequent reasons for General Practitioner(GP) consultations for both adults and 

children.(13, 14)  Evidence suggests that many adult respiratory outcomes may be traced to 

events in childhood.(15, 16) Furthermore, two thirds of all children under 5 years visit their GP 

at least once a year for either acute or chronic respiratory conditions.(14) These conditions 

cause significant morbidity, with diseases of the respiratory system being the most 

common chronic diseases in children - one in seven children suffer from a long term 

respiratory condition and the prevalence of wheeze in British children, at 32%, has been 

reported as the highest levels globally), and may be increasing.(14, 17,18) Research has 

demonstrated that wheeze and asthma in British preschool children may cost the NHS 

upwards of £53 million annually.(19) 

 In addition to the financial and social burdens of these diseases, symptoms of the 

respiratory system, including wheeze and shortness of breath, can be very distressing to a 

child and their family, and may have a negative effect upon quality of life of the child and 
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caregivers.(20-22) The North West of England has amongst the highest levels of respiratory 

disorders, and the burden of disease is particularly evident in socioeconomically deprived 

urban areas including Manchester and Liverpool.(8, 9, 23, 24) These cities have some of the 

highest incidences of infections such as bronchiolitis, and hospital admissions for asthma in 

England.(9) 

 Furthermore, in addition to the direct interpersonal and socioeconomic burdens of 

respiratory disease in children, there may be indirect negative effect upon family function. 

Health-related quality of life has been identified as an essential outcome measure used in 

various studies and health service research, appraisals and evaluations, as they provide 

researchers with the opportunity to adopt a holistic approach to measuring disease impact 

and progression, as well as identifying unanticipated functional disabilities.(19) Some 

previous  studies have measured the extent of specific respiratory conditions, namely 

Asthma and recurrent respiratory tract infections, upon children, caregivers and their 

families, in the context of emotional and social functioning, school absenteeism, as well as 

absence from employment and financial consequences for parents, and overall family 

function.(19,20) By identifying the impact of disease, these issues may be identified and 

addressed by clinicians, thus providing the opportunity to minimise the effect of disease 

upon families. Obtaining information about which areas of family quality of life are greatest 

affected by respiratory disease can also aid parents to understand and anticipate these 

difficulties, and provides evidence for schools and employers to be more empathetic 

towards parents. Furthermore, the provision of funding and other steps to minimise these 

potential adverse effects may be taken by clinical commissioning groups to further support 

parents. These factors can be used to demonstrate the detrimental impact of respiratory 

disease upon quality of life of children and their caregivers, thus allowing healthcare 

providers to implement supportive strategies for both the affected child and their 

families.(19) 

The severity of respiratory conditions and symptoms is highly variable. Some 

children may only suffer from acute symptoms, such as those experienced in the presence 

of infections such as Influenza Virus or Respiratory Syncytial Virus (RSV). However, some 

children may suffer from recurrent or chronic symptoms, which are associated with long-

term diseases such as asthma, cystic fibrosis and bronchopulmonary dysplasia. Some 

children may also suffer from transient symptoms that remain undiagnosed, but have a 

detrimental effect upon quality of life.(25) 
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Numerous studies have been conducted on regional, national and international 

levels to investigate the prevalence and natural history of conditions such as asthma and 

acute respiratory tract infections. Several environmental, biological and genetic risk factors 

have been implicated in predisposing a child to respiratory disease.   

 

1.2.1 Risk Factors for Respiratory disease within Paediatric Populations  

Exposures 

Cigarette Smoke A causal relationship has been demonstrated between exposure to 

tobacco smoke and respiratory complaints in children.(26, 27) There is a 40% increase in the 

risk of wheeze in the first two years of life in children born to mothers who smoke during 

pregnancy, but the greatest risk is associated with postnatal environmental exposure. A 

number of studies have demonstrated that this factor has the greatest effect on the 

incidence of wheeze in preschool children.(28, 29) Furthermore, household cigarette smoking 

also predisposes young children to severe respiratory tract infection requiring 

hospitalization, and to require the highest levels of medical care.(27, 30) 

 

Air Pollution Several environmental pollutants have been implicated in the aetiology of 

respiratory symptoms in children.(31) High levels of pollution have also been associated with 

atopic sensitization and bronchial hyperresponsivity.(32) Children in urban areas suffer from 

more acute respiratory symptoms than their rural counterparts, which is attributed to 

poorer air quality and higher levels of environmental pollutants in metropolitan areas.(33)  

 

Social Deprivation Socioeconomic status is measured by financial income, occupation, 

healthcare, education and access to resources. A low socioeconomic status has been 

identified as an independent determinant of health. It is also considered a risk factor for 

respiratory diseases in children, particularly infections such as bronchiolitis.(34-36) Children 

aged 0-4 years are particularly susceptible to the effects of this exposure; hospital 

admissions are 91% higher for the most deprived children in this age group.(27, 37) Other 

factors such as low birth weight, prematurity and household cigarette smoking may be 

confounding, as these factors are also more prevalent in the most deprived socioeconomic 

groups.(38, 39)  

 

Overcrowding The risk of respiratory disease, particularly infections may have some 

correlation with the number of people living within a household, and sharing a bedroom. 
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However, as overcrowding or shared bedrooms are circumstances that mostly occur within 

socioeconomically deprived households, therefore this factor may be considered 

confounding.(40) 

 

Breastfeeding Breastfeeding exclusively for the first four months of life has been 

demonstrated to play a protective role against respiratory pathogens.(41) Breastfed children 

living in developed countries are a third less likely to be hospitalized during the first few 

months of life than those who are artificially fed.(42)  

 

Exposure to other children Children that have older siblings, or that attend nursery, may be 

at higher risk of wheezing symptoms and colds in the first two years of life. However, there 

is contradictory evidence as to whether this affects the incidence of asthma and other 

respiratory symptoms beyond the preschool period. (43, 44) 

 

Demographics 

Prematurity Infants born at less than 37 weeks gestation are at increased risk of both short 

term and long term respiratory morbidity.(45) Premature infants are born with immature 

lungs that are prone to injury. These children may also receive medical interventions which 

may further damage lungs. Evidence suggests that this damage may persist in to childhood 

and beyond.(24, 46) Children who were born prematurely are also more prone to wheezing 

and conditions such as asthma, which is often more severe in this population.(39) 

 

Low Birth Weight It has been established that infants that are born with a low birth weight 

(<2,500g) or very low birth weight (<1,500g) are at a significantly higher risk of developing 

chronic respiratory symptoms.(47)  These respiratory symptoms often persist beyond 

infancy. These children are prone to school absenteeism and more frequent hospital 

admissions due to both infections and allergic conditions such as asthma, compared to their 

peers. (48-50)  

 

Sex Studies that have investigated childhood asthma have found that males are more likely 

to suffer from asthma and wheezing during childhood than females.(39, 43, 51) However, it has 

been demonstrated tƘŀǘ ƳŀƭŜǎ ŀǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ άƻǳǘƎǊƻǿέ ǘƘŜƛǊ ŎƻƴŘƛǘƛƻƴ ŘǳǊƛƴƎ 

adolescence, whereas females that suffer with asthma during adolescence are more likely 

to experience symptoms of greater severity, and for their disease to persist in to 

adulthood.(52) 
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Comorbidities Children with comorbidities, including neurodisabilities, gastro-oesophageal 

reflux and cardiac conditions are susceptible to both acute and chronic respiratory 

conditions due to the impact of these pathologies upon the respiratory system. (53-55) 26% of 

children that have asthma have at least one comorbidity, compared with 9% of non-

asthmatic children.(56) Furthermore, children with pre-existing conditions such as asthma or 

cystic fibrosis are more susceptible to respiratory tract infections which can further 

exacerbate symptoms.(7) 

   

1.3 Birt h Cohort Studies 
A number of studies have been conducted to investigate the impact of these risk factors 

upon the aetiology and natural history of respiratory symptoms within paediatric 

populations. Birth Cohort studies are epidemiological studies that follow the same group of 

people longitudinally from birth. In principle, these studies gather an abundance of 

information from a group of people that share a common factor, such as birth date or 

geographical area. Exposures are measured at a series of time points, so that changes in 

disease can be studied over time. By following participants for a number of years, or even a 

lifetime, researchers can gain insight in to the natural history and aetiology of diseases by 

collecting detailed information on a wide range of exposures. It allows researchers to begin 

to understand the relationship between extrinsic factors such as cigarettes and social 

deprivation, and their interaction with the pathogenesis of disease within a population.(57) 

Cohort studies also allow researchers to directly measure the incidence or risk of disease 

within a population. 

Numerous high profile cohort studies have been conducted both at regional and 

national levels in the United Kingdom and internationally, including the Avon Longitudinal 

Study of Parents and Children, Born in Bradford and the European Study of Pregnancy and 

Childhood. These studies have provided a wealth of data with regards to health and social 

inequalities as well as the changing demographics of their populations (Table 1.2). These 

studies have become key sources of information for governments and other bodies to form 

policies and legislation.  

These studies are of relevance to the Liverpool Respiratory Birth Cohort Study as 

they have gathered valuable data about the health of participants, and several of the 

questionnaires have included respiratory components in addition to sections on education, 

as well as clinical exposures such as cigarette smoking, diet, and social deprivation. 
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Researchers focused upon the strengths and limitations of previous birth cohort studies 

when designing the LRBCS.  

A literature review was performed using reputable electronic medical research 

databases, using a predetermined list of keywords (see appendix 2) to identify relevant 

studies. The abstracts of articles were then screened to determine their relevance to this 

study. Articles of studies of significance were retrieved and appraised, and their reference 

lists were also searched to identify any studies that were not in the original search. 

 

  



Study Name Abbreviation Country/Region Year Type Number of 
Participants 

Areas of Interest/Aims 

National Survey of Health and  
Development(58) 

NSHD United Kingdom 1946 National 5,362 Outcomes of pregnancy, Ageing 

National Child Development 
Survey(59) 

NCDS United Kingdom 1958 National  17,416 Obstetric and social factors leading to 
stillbirth or infant mortality, lifespan 
human development. 

1970 British Cohort Study(60) BCS70 United Kingdom 1970 National 16,571 Social and biological factors associated 
with neonatal mortality. 

Millennium Cohort Study(61) MCS United Kingdom 2000 National 18, 819 Determinants of health in children of the 
21st century 

The Newcastle Thousand 
Families Birth Cohort(62) 

- Newcastle, 
United Kingdom 

1947 Regional  1,142 Infant Mortality, Childhood Infection, 
Ageing.   
 

Aberdeen Children of the 
1950s study(63) 

- Aberdeen, United 
Kingdom 

1950 Regional  12,150 Cognitive function and mental health in 
childhood, ageing in an urban post-war 
population 

Avon Longitudinal Study of 
Parents and Children(64) 

ALSPAC Bristol, United 
Kingdom 

1991 Regional  13,761 Features of the environment, genotypes 
and the interaction between the two 
that influence the health, development 
and well-being of children throughout 
the life course 

Isle of Man Birth Cohort 
Study(65) 

- Isle of Man, 
United Kingdom 

1991 Regional  1,314 Social, demographic and environmental 
determinants of health in Celtic people, 
and to compare with children across 
Europe.  

Born in Bradford(66) BiB Bradford, United 
Kingdom 

2007 Regional  13, 776 To study the determinants of health and 
disease in a bi-ethnic socially deprived 
population. 

European Longitudinal Study 
of Pregnancy and 
Childhood(67) 

ELSPAC Europe 1991 Internation
al 

~40,000 To compare the effects and impact of 
environmental and genetic factors upon 
the health and developments of children 
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across Europe 

Growing Up in Scotland(68) - Scotland, 
United Kingdom 

2004 National 5,217 Holistic (social, genetic and 
environmental) approach to 
understanding child development in 
Scotland) 

Steps to the Healthy 
Development and Well-being 
of Children (69) 

STEPS Turku, 
Finland 

2008 Regional  1,817 The precursors and causes of 
problems in child health and well-being 
 

Generation R(70) - Netherlands 2002 National 9,778 To identify normal generic and 
environmental factors contributing to 
normal or abnormal growth and child 
development.  

All Babies in Southeast 
Sweden(71) 

ABIS Sweden 1997 Regional 17,055 Nutrition, physical activity, sleep 
pattern, infections, psycho-social 
factors, stress, drugs, vaccinations, 
genetics upon the presence of atopy and 
autoimmune diseases.  

bŀǘƛƻƴŀƭ /ƘƛƭŘǊŜƴΩǎ {ǘǳŘȅ of 
Environmental effects on 
Child Health and 
Development(72) 

- United States of 
America 

2007 National ~100,000 Investigation of health and development 
of a large national sample of children 
born in the United States of America. 

Dunedin Multidisciplinary 
Health and Development 
Study(73) 

- Dunedin, New 
Zealand 

1972 Regional 1037 To study the nature and development of 
common health and development 
problems in childhood 

Mater University of 
Queensland Study of 
Pregnancy and its 
outcomes(74) 

MUSP Mater, Australia 1981 Regional 7,223 Factors associated with adverse 
outcomes in pregnancy and childbirth, 
and social and environmental 
determinants of health, development, 
learning and behaviour in children and 
young adults.  

Amsterdam Born Children and 
their Development (75) 

ABCD Amsterdam, 
Netherlands 

2003 Regional  6,161 Association between lifestyle, 
psychosocial conditions, and nutritional 
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Table 1.2 
Longitudi
nal 
Studies 
of 
Children 
 

ǎǘŀǘǳǎ ŘǳǊƛƴƎ ǇǊŜƎƴŀƴŎȅΣ ŀƴŘ ǘƘŜ ŎƘƛƭŘΩǎ 
health at birth, childhood and later life. 

Danish National Birth 
Cohort(76) 

- Denmark 1996 National  91,256 Foetal growth and infant health as 
health outcomes and as a determinant 
of later health 

Norwegian Mother and Child 
Birth Cohort Study(77) 

MoBa Norway 1997 National 64,136 To test aetiological hypotheses by 
estimating the association between 
exposures and diseases.  

Pelotas Birth Cohort 
Studies(78-80) 

- Pelotas, Brazil 1982, 
1993, 
2004 

Regional  5,914 
5,265, 
4,262 

A series of three cohorts of children 
conducted in the sae urban area of 
Brazil to examine the changing health of 
the population. 



1.3.1 The National British Birth Cohort Studies  

National Survey of Health and Development 

The United Kingdom has a long tradition of conducting longitudinal studies, which started 

with The National Survey of Health and Development (NSHD). Established in March 1946, 

the study continues to gather valuable data from 3000 of the original 5362 participants, 67 

years later.(81) Initially, the study aimed to appraise the costs of pregnancy and childbirth to 

the newly formed National Health Service (NHS). (82) A further aim of NSHD was to describe 

health and survival in relation to home and socioeconomic circumstances, allowing 

researchers to explore the precursors of poor health and disease.(83) It is admirable that the 

study has maintained impressive response rates throughout, which is partially attributed to 

the excellent relationship maintained between researchers and participants. The study is 

now being linked with several other cohort studies to investigate the effects of ageing.(57)  

 Despite being focused upon the health and development of the child as a whole, 

the NSHD did have a respiratory component. Researchers were able to describe links 

between exposures and risk factors such as lower respiratory tract infections, low birth 

weight and crowded living circumstances in preschool children, with reduced peak 

expiratory flow scores and increased risk of chronic obstructive pulmonary disease (COPD) 

in later life. However, parental tobacco smoking (and thus exposure during childhood) was 

only recorded retrospectively, as the significance of such exposures were not initially 

realised within the medical profession. Therefore, conclusions about this particular 

exposure may be subject to recall bias. 

As a cohort study, the significance of the NSHD is undeniable. It is the longest 

running birth cohort study in the world, which has gathered a wealth of unique information 

about its participants, and it has demonstrated the complex interactions between genetics, 

social demographics, health and the normal ageing process. ¢ƘŜ ǎǘǳŘȅΩǎ Ŏƻ-ordinators make 

contact with the cohort annually with a birthday card and a review of recent findings from 

the study, and provide the opportunity for participants to notify them about any changes in 

address or circumstances. Efforts to continuously involve participants have been a 

ŦǳƴŘŀƳŜƴǘŀƭ ǇŀǊǘ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ƛƳǇǊŜǎǎƛǾŜ ǊŜǎǇƻƴǎŜ ǊŀǘŜǎΦ  

The main limitation of the study is recruitment. The study initially followed children 

born within one week in 1946 using data from Health Authority Databases. Due to the 

narrow recruitment frame, the sample not to be representative of the population as a 

whole due to the effects of seasonality upon trends in health. It must also be considered 

that this cohort only consisted of children born to married mothers, which introduced bias 
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to the selection of infants, and ultimately may result in certain population groups being 

underrepresented in the study.  

Similarly to other cohorts, funding has limited the scope of the NSHD throughout 

the study. As a result of these financial issues, co-ordination and control of the study has 

changed between numerous parties with different priorities and research aims. This lack of 

continuity may have hindered the results of the study. However it is difficult to overcome 

these financial and management obstacles due to the longitudinal nature of birth cohort 

studies.  

National Child Development Survey 

Following the success of the NSHD, another longitudinal study, the National Child 

Development Study (NCDS), was launched in 1958. The study follows a larger cohort of 

around 17,000 individuals, whom again, were born within a single week in 1958. Similarly to 

the NSHD, the study was initially commissioned to investigate maternal and neonatal health 

in the UK. The initial data from this cohort evoked the debate that ultimately resulted in the 

wider availability of easily accessible maternity services in hospitals. The study eventually 

grew to cover a broad scope of health related issues as it followed cohort members 

longitudinally in the transitions from childhood to adolescence and adulthood.(59)  

 Like the NSHD, the NCDS also investigated respiratory disease in its participants. 

The study used a questionnaire that enquired ŀōƻǳǘ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎȅƳǇǘƻƳǎ ŘǳǊƛƴƎ άǎǿŜŜǇǎέ 

of the cohort, which included domains to explore symptoms and diagnoses of a respiratory 

nature such as άŀǎǘƘƳŀΣ ǿƘŜŜȊȅ ōǊƻƴŎƘƛǘƛǎ ŀƴŘ ǇƴŜǳƳƻƴƛŀέ ŀǘ ŀƎŜǎ тΣ ммΣ мс , 23 and 45 

years old.(84)  Two thirds of the cohort that had wheeze at age 16 had initially developed 

respiratory symptoms before age five. A quarter of the children with a history of asthma or 

wheezy bronchitis by 7 years old reported still experiencing wheeze at 33 years. This data 

suggests that respiratory disease may be life-lifelong diagnoses, which often develop in the 

preschool years and persist in to adulthood.  Researchers also found that other factors, 

such as financial adversity in early life could also have a negative effect upon respiratory 

health in later life, which is consistent with the findings of the earlier 1946 cohort. (58, 85) 

1970 British Birth Cohort Study 

The 1970 British Birth Cohort Study (BCS70) is another on-going multidisciplinary 

longitudinal study of children born in the UK. The study takes as its subjects all individuals 

born in England, Scotland and Wales within a particular week of 1970.(60) The structure and 

context of this cohort study is similar to the previously discussed studies, in that it 

investigates family circumstances, health, education and social development at specific 
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intervals throughout the lives of the cohort members. This permits the datasets from all 

cohorts to be compared, which allows researchers to gain insight in to the changing trends 

in the health of the British population across a number of generations. Furthermore, data 

can help researchers create new hypotheses with regards to the natural history and 

aetiology of some diseases. The Centre for Longitudinal Studies (CLS) co-ordinates all the 

national British birth cohort studies. The CLS described a 70% increase in the incidence of  

wheeze in the 1970 cohort in comparison to the 1958 group.(86)  However, researchers must 

consider that population sampling in the 1970 cohort differed slightly from the previous 

birth cohort studies. The study design permitted new participants, who were born within 

the reference week and had immigrated, to be recruited to the cohort and participate in 

questionnaires. This helped maintain an adequate sample size for the cohort.  

A significant limitation ƛƴ ǘƘŜ ǎǘǳŘȅΩǎ ƳŜǘƘƻŘ was its dependence upon the 

educational system to follow up participants. Tracing individuals became increasingly 

difficult and expensive once participants had reached school leaving age, resulting in non-

response of 48% of participants in the first sweep that occurred after the cohort had left 

education.(60) A strength of the BCS70 was the multidisciplinary approach of its study 

design: an initial aim of the study was to identify the effects of socio-economic status upon 

infant health and development.  

A significant amount of data has been collected from the cohort with regards to 

cigarette smoke exposure and respiratory wellbeing from infancy to adulthood. 

Researchers discovered that maternal cigarette smoking increased the risk of hospital 

admissions for severe lower respiratory tract infections in children under the age of five 

years.(87) Furthermore, the prevalence of wheeze was also increased in the cohort children 

preschool children of smoking mothers.(88) Therefore, despite its difficulties and restrictions, 

the BCS70 successfully identified the effect and impact of socio-economic factors upon all 

ŀǎǇŜŎǘǎ ƻŦ ŀ ŎƘƛƭŘΩǎ ƘŜŀƭǘƘ and well-being. The study clearly demonstrated that an 

association exists between maternal cigarette smoking and exposures with respiratory 

disease in paediatric populations.  

Millennium Cohort Study 

The most recent of the national cohort studies conducted in the United Kingdom is the 

Millennium Cohort Study (MCS), which is following the lives of around 18,819 children born 

in Great Britain between the years 2000-2001.(89) The first interviews with parents were 

conducted when their child reached 9 months of age. This structured interview largely 

focused upon pregnancy and birth of the child. Further sweeps of the cohort were 
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conducted in 2005, 2006, 2008 and 2012. Recruitment and sampling methods differ from 

the other British birth cohort studies. This is the first of these studies to include children 

born in Northern Ireland.(61) The initial MCS survey covered a number of domains, including 

household structure, ethnicity, parents and family members, income, health and 

development. From a respiratory and health perspective, there has been less data available 

from the MCS than the previously discussed birth cohort studies. This may be attributed to 

the design of the study, as it places a greater emphasis upon social rather than medical 

factors upon development and wellbeing. 

However, researchers did observe that respiratory tract infections and wheeze 

were the two most frequently occurring health problems for which children enrolled in the 

study were taken to their GP or to an accident and emergency department during infancy.  

A quarter of all hospital admissions for the cohort during the first 9 months of life were due 

to pneumonia or other infections of the respiratory tract.(90) Researchers also found that 

children that were breast fed were less likely to require medical attention and hospital 

admissions for respiratory tract infections.(41) This supports the evidence from other birth 

cohort studies of the protective effects of breast feeding upon clinical outcomes including 

atopy and respiratory diseases in childhood.(91)  Results from the MCS also demonstrated 

that children who were born as the result of assisted reproduction therapies, such as In 

Vitro Fertilization (IVF), were more likely to suffer from respiratory disease in childhood.(92) 

The MCS used the strengths and limitations of previous birth cohort studies 

conducted in the UK to create a robust study design. The study helped evaluate national 

initiatives aimed at narrowing the social gap such as Sure Start and Child Trust Fund. The 

data collected by the study is being moƴƛǘƻǊŜŘ ōȅ ǘƘŜ ¦Y DƻǾŜǊƴƳŜƴǘΩǎ ŀŘǾƛǎƻǊȅ 

programme, Foresight. This programme helps plan for the future needs of the British 

population in a variety of disciplines, and it is hoped that MCS data will help shape changes 

in legislation and policy to reflect the changing demographics of the country. 

 

Impact of the National British Birth Cohort Studies 

The results from the four national British Birth Cohort Studies have been recognised as a 

valuable source of information about health trends within the UK population. Subjects were 

sampled from national UK population, which permits results to be generalised to a greater 

extent than regional cohort studies. This has resulted in the UK government utilizing the 

results from these studies to gain insight in to the needs of the British population, and 

consequentially to form policies and legislation that reflect these needs. Results from these 
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studies have been incorporated in numerous reports, which include the Plowden Report 

into Primary Education (1967), the Finer Committee Report on One Parent Families (1966-

74), the Warnock Committee on Children with Special Educational Needs (1978), the 

Independent Inquiry into Inequalities in Health (1998), the Moser Committee on Adult Basic 

Skills (1997-99), The Marmot Review into health inequalities in England (2010), and the 

report from the National Equality Panel (2010). 

1.3.2 Regional British Birth Cohort Studies  
Despite the information from the National British Birth Cohort Studies being invaluable for 

researchers and clinicians alike, some questions remain unanswered. The broad intervals of 

ǘƛƳŜ ōŜǘǿŜŜƴ άǎǿŜŜǇǎέ make it difficult to collect large amounts of data retrospectively 

without introducing recall bias. Some of the smaller, regional British Birth Cohort Studies 

were able to minimize this bias by performing more regular sweeps.  

Avon Longitudinal Study of Parents and Children 

In 1991, the Avon Longitudinal Study of Pregnancy and Children (ALSPAC), or άthe Children 

of the 90Ωsέ, was launched by the University of Bristol. In contrast to the aforementioned 

cohorts, ALSPAC recruited children from one region, Avon, in the south West of England, 

over a one year period of from 1991-1992. The study follows the development of 

participants from early pregnancy to adulthood, whilst longitudinally linking information 

from parent- and child-completed questionnaires with routine hospital data and with 

biological samples and other health information. Social and educational development were 

also studied in order to gain a comprehensive insight in to the lives of the individuals 

participating in the study.(5, 93) The study was part of the European Longitudinal Study of 

Pregnancy and Children (ELSPAC), which was initially intended as άŀ ǇǊƻǎǇŜŎǘƛǾŜ 

gŜƻƎǊŀǇƘƛŎŀƭƭȅ ōŀǎŜŘ ǎŜǊƛŜǎ ƻŦ ǇƻǇǳƭŀǘƛƻƴ ǎǘǳŘƛŜǎΧŘŜǎƛƎƴŜŘ ǘƻ ǎǘŀǊǘ ƛƴ ǇǊŜƎƴŀƴŎȅ ŀƴŘ ǘƻ 

Ŧƻƭƭƻǿ ǘƘŜ ŎƻƘƻǊǘ ƻŦ ōƛǊǘƘ ǳƴǘƛƭ ŀƎŜ т ȅŜŀǊǎέ according to the original protocol published by 

the research group in 1989.(94) ELSPAC is further discussed in the international cohort study 

section. 

Researchers successfully enrolled around 75% of eligible pregnant women to the 

study, and a wealth of data has been gathered since the study commenced recruitment in 

the early 1990s. To date, members of the Avon cohort have completed almost 60 cross-

sectional questionnaires, from as early as the eighth gestational week of pregnancy up until 

early adulthood. Supplementary data has also been extracted from hospital records, and 

participants have also had nine clinical assessments with research nurses and physicians, 

the first of which occurred at age seven.(64)  
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Attrition rates have so far remained minimal in comparison with other cohorts. 

However, they may now begin to be affected by the transition of the cohort in to 

adulthood. A trend of decreasing response rates was first detected during the ŎƻƘƻǊǘΩǎ 

adolescent years. Other birth cohort studies have found this to be a difficult period for 

researchers in terms of participant retention. However, the decision of the research team 

to incorporate new online versions of questionnaire in to the study design may aid the 

retention of participants. These online questionnaires may also lessen the limitations 

associated with traceability that have been reported by other birth cohort studies.(60) A key 

strength of the study is that it was always intended to be a birth cohort; thus researchers 

were able to organize ongoing financial support for the study. As a consequence, ALSPAC 

has always been well funded which has aƛŘŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅΩǎ ǊŜǘŜƴǘƛƻƴΦ  

There have been several hundred publications ōȅ ǘƘŜ ǎǘǳŘȅΩǎ ǊŜǎŜŀǊŎƘ ǘŜŀƳ. A key 

paper outlining the all the significant results was published J Golding, the director of 

ALSPAC, in 2010.(95) From a respiratory perspective, key discoveries included evidence to 

support that further confirms the relationship between maternal cigarette smoking during 

pregnancy and the risk of wheeze in infants and young children. (96-98) Researchers were also 

able to associate the prevalence of atopy with to excessive levels of domestic hygiene, as 

well as a positive family history of asthma, hay fever or eczema.(97) The study also provides 

strong evidence that a relationship exists between environmental factors and respiratory 

health.(99) Individuals may be predisposed to wheeze and respiratory symptoms prenatally 

or during infancyΣ ōǳǘ ǘƘŀǘ Ƴŀƴȅ ŎƘƛƭŘǊŜƴ άƻǳǘƎǊƻǿέ ǘƘŜǎŜ ǎȅƳǇǘƻƳǎ in late childhood and 

adolescence.  

Isle of Man Birth Cohort Study 

Another branch of ELSPAC was the Isle of Man birth cohort study. Like ALSPAC, the study 

commenced enrolment of pregnant women domiciled on the island in 1990. Recruitment 

was inclusive; the study aimed to recruit all infants born to the 75,000 inhabitants of the 

island within a specified period between 1991-2. Researchers reported that adopting a 

άǇŜǊǎƻƴŀƭέ ŀǇǇǊƻŀŎƘ to recruitment, by involving research midwives, to be the most 

effective method of recruitment to the study. The Isle of Man cohort had retained 85% of 

the original 1314 participants by age 15 years. The main loss was emigration. Researchers 

attempted to minimize the limiting effects of this factor by inviting immigrants that were 

born within the eligible timeframe to be enrolled. This helped reduce the effects of 

migration upon the size of the cohort and ultimately the statistical power of the study.  



Bethan Griffith 
 

30 
 

Questionnaires were sent to parents of participants in ten sweeps. The first sweep 

occurred prenatally, and the final questionnaire was sent at age 15/16. Further data about 

participants was obtained from hospital records and other routine data sources. Like the 

ALSPAC cohort, teachers were also asked to complete questionnaires about the children. 

Additionally, children were invited to an assessment with the research team at age seven 

years, when both cognitive ability and physical health were evaluated, and biological 

samples were obtained and analysed.  

 The recruitment rate and retention within this cohort is unprecedented at 

approximately 99% of eligible mothers being initially recruited, and response rates were 

mostly maintained throughout. Another fundamental strength of this study is its 

significance as part of a larger study. The association and similarity in study design and 

sampling methods with the Avon cohort and the international ELSPAC cohort permit 

researchers to efficiently and reliably contrast data sets from the Isle of Man with samples 

with similar demographics both locally and from other geographical areas, both British and 

European. It permits the analysis of results of the individual island cohort, and within the 

setting of a larger cohort of children. The island was selected for a population based birth 

cohort study as it has a unique population that consists almost equally of the indigenous 

Manx population and immigrants. This allows researchers to reliably contrast the possible 

effects of genetics and environment upon these distinct population groups.(65) 

Although these unique attributes of the Isle of Man cohort make the island an 

interesting setting for a population-based birth cohort study, Goodfellow proceeds to 

explain that due to funding issues a large quantity of the data collected from the study has 

yet to be analysed. Attempts were made by the research team to minimise the effects of 

migration upon the cohort size, it must be acknowledged that it may limit the ability to 

longitudinally link data and to gain a true insight in to the development of children, which is 

a key advantage of the design of a cohort study.  

Born in Bradford 

Bradford, a city in the north of England, is considered to be amongst ǘƘŜ ŎƻǳƴǘǊȅΩǎ most 

socioeconomically deprived areas. (100) ¢ƘŜ ŎƛǘȅΩǎ ǳƴƛǉǳŜΣ ōƛ-ethnic, population mainly 

comprises of people from either White British (50%) or Pakistani (44%) origin, resulting in 

the city being considered one of the most ethnically diverse cities in the UK. For these 

reasons, researchers decided it would be an ideal location for a birth cohort study that 

would investigate the roles of environment and genetics upon health, and to examine any 

differences between the two genetically distinct populations.(100) 
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The study recruited over 13,000 mothers at Bradford Royal Infirmary between 

March 2007 and November 2011 during various prenatal appointments, or during their 

perinatal hospital admission. Over 80% of eligible pregnant women domiciled within the 

study agreed to participate. The study uses a combination of routine data, such as hospital 

and general practice records, alongside data collected from biological samples (including 

cord blood, urine and blood samples), as well as physical examinations and parental-

completed questionnaires. Within the main cohort, there are also two nested studies: ALL 

IN, a study about allergies and infections, and BiB 1000, which studies weight gain and 

obesity. Researchers hope that the wealth of data available about its participants will allow 

them to comprehensively profile the population of the city.(66) 

By age four years, mothers had completed seven questionnaires, and there had 

also been three partner-completed questionnaires. This study is still considered to be in its 

early stages, thus there is little longitudinal data currently available from the study. From a 

respiratory perspective, to date, there have been no publications that explore respiratory 

morbidity specifically within the cohort, however participants have been part of a larger 

European study that investigates the development off allergy in children, which includes 

asthma and allergic rhinitis.(101) 

Researchers report a low attrition rate, which, like the Isle of Man birth cohort 

study, they attribute to upholding an excellent relationship with participants. Researchers 

organise regular community events to engage participants, and use the media to raise the 

profile of the study. To further enhance participation and response rates, which were 

around 30% during ǘƘŜ ǎǘǳŘȅΩǎ Ǉƛƭƻǘ ǇƘŀǎŜ, researchers used alternative methods for follow 

up of participants. These strategies included the use of multi-lingual interviewers that were 

employed to facilitate the participation of parents that were unable to read or speak 

9ƴƎƭƛǎƘΣ ǿƘƛŎƘ ƳŀȄƛƳƛǎŜŘ ǘƘŜ ǎǘǳŘȅΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŎŀǇŀŎƛǘȅΦ Profiling of the cohort has 

ŘŜƳƻƴǎǘǊŀǘŜŘ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǎ ōŜƛƴƎ ŀ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǎŀƳǇƭŜ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴΣ ǿƘƛŎƘ 

demonstrates that there was minimal selection bias, and that the extra measures taken to 

reduce the effects of poverty, language barriers and other cultural differences have been 

successful. A limitation of the study, due to the unique demographics of the Bradford 

population, is that many of the findings cannot be used to make inferences about the wider 

UK population, and it also makes it difficult to compare results with other cohorts.  
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1.3.3 International Birth Cohort Studies  

ELSPAC 

The European Longitudinal Study of Pregnancy and Childhood (ELSPAC) is a large 

longitudinal study that was promoted by the World Health Organization in the late 1980s, 

and co-ordinated by the ALSPAC team at Bristol University.(29) The study consisted of a 

series of population based cohort studies set in various cities in Europe, with participating 

countries including the United Kingdom (the aforementioned Isle of Man and Avon 

cohorts), Czech Republic, Ukraine, Slovakia, Russia, Croatia, Estonia, Greece and Spain. 

Specific regions within participating countries were chosen, with focus on encompassing 

both urban and rural areas. The main research tools used in the study are standardized 

questionnaires that are distributed to both parents, the child, teachers and health care 

professionals. Although some participating regions incorporated additional investigations, 

examinations and questionnaires, the baseline protocol remained the same, which permits 

the data collected from over 40,000 international participants to easily be compared, 

contrasted and meta-analysed.  

 This study has the potential to have great impact upon health policy in Europe as a 

whole, however the impact has, so far, been smaller than hoped. Despite participating 

countries releasing data from their own cohorts, little information is available about ELSPAC 

as a whole. Some countries, such as the Czech Republic and the UK remain active. Several 

of the original countries, including Greece and Spain, have now abandoned the project, 

which was attributed to funding issues and the economic downturn.  

 The ELSPAC questionnaires have looked at respiratory symptoms and the effects of 

tobacco exposure.(29) Cigarette smoking was more prevalent amongst the British cohort, 

and an analysis of the nature of wheeze within two of the populations involved with ELSPAC 

demonstrated that parental, and particularly maternal cigarette smoking was associated 

with wheeze in young children. Furthermore, abnormal lung function was present in the 

children of cigarette smokers shortly after birth, when environmental exposures could not 

have been apparent.(29) 

 

1.3.4 Respiratory Birth Cohort Studies  
The significance of the previously discussed results demonstrate the power of birth cohort 

studies to provide a valuable research platform for investigating modern research questions 

and evaluating both general and specific areas of health and wellbeing. From a respiratory 

perspective, studying the prevalence and nature of respiratory symptoms from birth allows 

researchers to assess the interactions between environmental and genetic factors as they 
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occur. Data can be very reliable due to the short periods of participant recall in this study 

design. Many studies have demonstrated that early life health may have significant impact 

upon morbidity in later life. 

 Despite the benefits of the holistic approach adopted by the aforementioned 

cohort studies, ǿƘƛŎƘ ƎŀǘƘŜǊ ŀ ǾŀǊƛŜǘȅ ƻŦ Řŀǘŀ ŀōƻǳǘ ǘƘŜ ŎƘƛƭŘΩǎ ƭƛŦŜ ŀǎ ŀ ǿƘƻƭŜΣ studies that 

specifically investigate respiratory morbidity within paediatric populations are also 

advantageous. These studies can reveal trends in the effects of specific exposures or 

protective factors, such as tobacco smoke and breastfeeding, upon the prevalence of 

symptoms, and explore the symptoms in greater depth than general cohort studies. Some 

paediatric studies have investigated the aetiology of particular disease processes in 

children, such as asthma and allergies such as rhinitis, whereas other studies focus more 

upon symptoms, than doctor diagnosed conditions such as wheeze and other breathing 

difficulties.  

4ÕÃÓÏÎ #ÈÉÌÄÒÅÎȭÓ 2ÅÓÐÉÒÁÔÏÒÙ 3ÔÕÄÙ 

¢ƘŜ ¢ǳŎǎƻƴ /ƘƛƭŘǊŜƴΩǎ wŜǎǇƛǊŀǘƻǊȅ {ǘǳŘȅ ό¢/w{ύ ƛǎ ŀƴ !ƳŜǊƛŎŀƴ ōƛǊǘƘ ŎƻƘƻǊǘ ǎǘǳŘȅ ǘƘŀǘ 

commenced in 1980.(102) It was the first respiratory birth cohort study, and it aimed to 

collect extensive data about the respiratory health of its 1246 participants from birth to 

adulthood, in order to determine risk factors for respiratory infection in childhood and the 

development of chronic obstructive airway diseases in adulthood.(103) The study aimed to 

recruit all healthy newborn infants being cared for by one American Health Maintenance 

Organization (HMO) over a four and a half year period, and information was collected from 

self-administered questionnaires, interviews, biological specimens, and routine data.  

 Significant findings from Tucson include describing that wheeze is a heterogeneous 

symptom with numerous phenotypes that are expressed differently at the various stages of 

childhood, and is not necessarily a feature of asthma.(102) Researchers were able to identify 

a number of risk factors and the role of infection in the aetiology of childhood wheeze.(104) 

Wheezing syndromes during preschool years may be transient and limited to these years 

only, or persistent, where symptoms continue to be present in adolescence. Children who 

were to become persistent wheezers later in childhood were able to be identified during 

their first wheezing episodes due to alterations in their immune responses.(105) Researchers 

also found that children with low respiratory function at birth were likely to have 

persistently poorer function throughout childhood, and that these children were more 

susceptible to respiratory tract infections.(102) Data from the study has been successfully 

used to create an asthma indicative index, which uses clinical parameters to indicate the 
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risk of a wheezing preschool child becoming asthmatic later in childhood.(106, 107) However, 

despite efforts to validate this tool in other cohorts, there has been some controversy with 

regards to the validity of the tool in clinical practice.(108,109, 110) 

 

The Manchester Asthma and Allergy Study 

The Manchester Asthma and Allergy Study (MAAS) was established in 1995 with the aim to 

study the natural history of asthma and other atopic conditions within an unselected 

population birth cohort. Researchers focused upon two main risk factors: family history and 

the presence of known allergens within ǘƘŜ ŎƘƛƭŘΩǎ ƘƻƳŜ ŜƴǾƛǊƻƴƳŜƴǘ.(12) The study 

enrolled approximately 1000 participants during the ŀƴǘŜƴŀǘŀƭ άōƻƻƪƛƴƎέ Ǿƛǎƛǘǎ όу-10 weeks 

gestation) over a period of 1.5 years. At enrolment, parents were screened for allergies and 

the children were allocated a risk group in accordance to results, and there was a nested 

intervention study in the high risk group which included a strict allergen avoidance regimen 

during pregnancy and the first year of life.(111)  This permitted researchers to gain significant 

information regarding genetics, but this data was also utilized in a nested study that 

analysed allergy and atopy within the adult population of in addition to the paediatric 

cohort.(112) Children attended assessments at ages 1, 3, 5, 8 and 11 years of age. Parents 

completed the previously validated self-administered ISAAC questionnaires about their 

children, and biological samples and lung function testing was also undertaken. 

 Results from MAAS provide further evidence that maternal cigarette smoking 

during pregnancy significantly increased the likelihood of childhood wheeze.(113) Children 

that had a personal history of wheeze, and children of atopic parents, with or without a 

personal history of atopy, were all found to have poorer lung function at age three 

years.(114) Researchers involved with MAAS state that wheeze is a clinical symptom that is 

almost always associated with pathology, and is never a feature of a normally functioning 

respiratory system. Other symptoms, such as cough, may also be features of underlying 

pathology. However, wheeze may also be normal feature in the context of acute 

infections.(115) The prevention study nested within MAAS demonstrated a lower incidence 

of respiratory symptoms in children at high-risk of such symptoms when the home 

environment was manipulated to minimize the likelihood of allergic sensitization.(116) 

Similar studies have had contrasting results thus further investigation is required.(117, 118) 
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1.3.5 Review of Birth Cohort Study Design  
Birth Cohort studies are observational studies that follow a defined population over a 

period of time. The risk factors and health outcomes of subjects may be monitored 

continuously, or they may be assessed repeatedly at specified time intervals. Therefore, as 

observational studies, they do not involve any experiments or any other interventions by 

researchers. The primary purpose of these studies is to identify and examine the 

relationship between suspected or known risk factors or exposures with the prevalence of 

disease as an outcome.  This permits hypotheses about these risk factors, such as cigarette 

smoke exposure, to be tested by comparing the prevalence or incidence of disease in 

various groups that are identified as being in different levels of risk for disease. Prospective 

birth cohort studies are amongst the strongest observational study designs; they supersede 

case-control studies or case series as they facilitate the collection of complete data sets, 

and are subject to minimal recall bias in comparison to retrospective studies. One of the 

greatest benefits of the study design is that the data permits researchers to calculate 

relative risks of individual or cumulative factors, and gain insight in to the aetiology of 

disease processes.  However, there are limitations of this study design. In order to obtain 

sufficient data, it is necessary to study large number of individuals over an extended period 

of time. The prolonged period of follow-up involved in this study design accounts for the 

larger attrition rates associated with this study design. Loss to follow-up may result in 

incomplete data sets this limiting the statistical power of the study. This is why a large 

numbers participants is required by researchers wishing to conduct research using this 

study design. It also usually requires considerable logistical effort to co-ordinate 

recruitment and subsequent follow up of participants. It may be frustrating for the 

researchers involved, as these studies may not yield significant results for a number of 

years. These reasons demonstrate why it is necessary for investigators to have sufficient 

evidence for their hypotheses prior to commencing a birth cohort study. Despite the efforts 

required to conduct these studies, to date, there have been a number of birth cohort 

studies that have demonstrated results that justify the effort required.5 

1.4 Other  Significant Paediatric Studies with Respiratory Focus  

International  Study of Asthma and Allergies in Childhood 

The largest study of this type to date is the International Study of Asthma and Allergies in 

Childhood (ISAAC). This is an international study that was established in 1991 to investigate 

the natural history of atopic disease such as asthma, eczema and allergic rhinitis.(119)  The 

study has become the largest worldwide collaborative research project. To date, it has 
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involved two million children in 105 countries. The methods are consistent in each of the 

306 centres involved with the study, which provides researchers to easily compare results 

for the whole cohort, and to detect significant differences.  

 The study has so far consisted of three phases. The first involved a written 

questionnaire that was administered for two age groups: children aged 6-7 years, who had 

a parent completed questionnaire, and adolescents aged 13-14 years who completed a self-

administered questionnaire.(120) The second phase involved assessment of lifestyle and 

environment, and in-depth clinical analysis including treatment, symptoms and the third 

phase was a repeat of phase one after five years had elapsed.(120, 121) The first phase of the 

study described the large variation of the prevalence and severity of asthma and other 

allergic conditions between participating countries. Centres in developed counties, 

including the United Kingdom and Ireland, Australia, New Zealand, and America reported 

the highest prevalence of asthma, and significantly, they also found that children of similar 

genetic origin domiciled in different geographical areas or countries had very different 

phenotypes, which suggests environment contributes significantly to the aetiology of these 

diseases.(121) The overall prevalence of atopic disease including asthma were also found to 

have increased in many centres during the third phase, however this was less pronounced 

in high prevalence areas.(120) Results from British centres described significant associations 

between passive smoking and the incidence of respiratory symptoms during childhood, as 

well as other factors such as the presence of household increasing the risk of wheeze and 

rhinitis, and emissions from certain fuels used within the household also having adverse 

effects upon respiratory symptoms.(122) 

 Due to the worldwide impact of the study, fourth and fifth phases are currently 

being designed and incorporated in to the study design. The study has successfully 

demonstrated that environmental factors are key in the development of respiratory 

symptoms worldwide.(123) The study has been commended the study for its improvements 

to the engagement of researchers from developing countries and the World Health 

Organization and World Allergy Association actively encourage the use of the ISAAC data in 

policy making.(124,125) 

The Leicester Respiratory Cohorts 

The Leicester Respiratory cohorts consist of two stratified random samples of children 

domiciled within the Leicester Health Authority Area in England.(6) The initial cohort, 

established in 1990, included a community based sample of 1650 children born in the area 

between 1985-1990, and described the prevalence and aetiology of doctor diagnosed 
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asthma, recurrent cough and other wheezing disorders, chronic rhinitis and habitual 

snoring in children aged 0-5 years living in Leicestershire.(126) The success of the initial 

cohort resulted in a second cohort of approximately 8700 children aged 1-4 years being 

established in 1998. The study collected demographic data as well as information about 

growth, immunizations, and other health related events in childhood as well as exposures 

including breastfeeding and family history of asthma and atopy. The area in which the study 

is conducted has a multi-ethnic population, which allowed researchers to understand the 

relationship between genetics and environment upon the presence of respiratory disease.  

To determine the impact of deprivation upon the prevalence of respiratory symptoms, 

complete postcodes for all the address at which participants had been resident were 

assigned Townsend deprivation index scores.  

 Researchers from Leicester also collaborated with the research team from the 

aforementioned Tucson birth cohort study. The data from Leicester supports evidence from 

Tucson that there are various mechanisms that lead to childhood wheeze, and that 

allergen-induced and infection-induced wheeze should be considered two distinct disorders 

with independent mechanisms.(102, 115, 127, 128) The Leicester cohort was also used to attempt 

to further validate the controversial Asthma Predictive Index from Tucson, and despite 

discovering that the tool itself had no significant advantage over simple clinical appraisal of 

the pattern of symptoms, researchers were able to conclude that the pattern of wheeze 

and other respiratory symptoms in infants and preschool children are a key factor in 

predicting which children were likely to become asthmatic.(108) Researchers were also able 

to demonstrate the significance of environmental risk factors during early life in the 

aetiology of asthma, by demonstrating similar a prevalence of wheeze in children of 

southern Asian origin and white British children, despite the prevalence of wheeze 

traditionally being low in southern Asian countries.(129, 130) The study was also amongst the 

first to investigate the economic and social impact of respiratory disease in preschool 

children.(22)  

When considering the significance of the results from this study, it is disappointing 

that children were not enrolled until they were one year old. This has limited the availability 

of data about exposures during pregnancy and early infancy, which may have a contributing 

role in the aetiology of wheeze, and although data was collected retrospectively, it may be 

subject to recall bias.(6) 
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Global Asthma and Allergy Excellence Network 

In 2004 the Global Asthma and Allergy Excellence Network (GA2LEN) was established with 

the aims of uniting research and existing knowledge of asthma and allergies in children 

across the European Union.(131) This was to be achieved by pooling data from a number of 

European longitudinal studies of children, and the project aimed to compare study designs 

including recruitment methods and contrast exposures or outcome measures for 

respiratory or allergic disease in birth cohorts conducted in Europe to create a database 

that may address previously unanswered research questions by providing a large enough 

samples for meta-analyses with sufficient statistical power. The database includes 

information from 25 European studies conducted in 10 countries that focus on respiratory 

disease, allergy and atopy. Researchers found that many studies had used questionnaires 

from the ISAAC study, signifying a homogenous definition of Asthma across a number of 

studies which is particularly useful for comparison and analysis.(131) 

1.3.5 Studies about respi ratory symptoms in  Merseyside  
There is an increased prevalence of respiratory disease in both the adult and paediatric 

populations in Merseyside.(9) Poor health outcomes in the city may be partially attributed to 

the severity of socioeconomic deprivation in the city, with over 75҈ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǊŜǎƛŘŜƴǘǎ 

being considered as deprived with approximately a third of children under 16 years of age 

living in relative poverty.(132) Birth weights are also lower than the English national average, 

as is the number of children who are breastfed, despite the presence of well-funded local 

health promotion initiatives, and cigarette smoke exposure is also a significant health 

problem.(133) 

 Some of the effects of these exposures upon the children living in the city have 

been investigated to an extent within school-age children living in Liverpool and 

surrounding areas by the Merseyside Respiratory Health Surveys (MRHS). These surveys 

were a series of four cross-sectional studies of children aged 5-11 years in Merseyside that 

were conducted in 1991, 1993, 1998 and 2006.(133) The studies investigate childhood health 

outcomes, primarily asthma and obesity, in relation to risk factors including smoking during 

pregnancy, passive exposure to cigarette smoke, residential location and socioeconomic 

deprivation.(134-136) The main outcome measures were doctor-diagnosed Asthma (DDA) and 

the presence of three specific respiratory symptoms: wheeze, shortness of breath and 

cough. Parent-completed questionnaires were administered to appraise the respiratory 

health of a total of 6,577 schoolchildren living within socioeconomically deprived areas of 

Merseyside.(136) 
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The studies found that there was a relationship between particular patterns of 

respiratory symptoms, such as cough alone related to specific risk factors, such as living in 

areas with high levels of environmental pollution. It also found that the presence of 

dyspnoea, cough and wheeze together were indicative of allergic disease, regardless of the 

ƎŜƻƎǊŀǇƘƛŎŀƭ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ŎƘƛƭŘΩǎ ǊŜǎƛŘŜƴŎŜ ƻǊ ǎŎƘƻƻƭ.(135) The studies demonstrated the 

significance of environmental factors in the aetiology of respiratory morbidity in the city, 

with children domiciled within 2 kilometres of the ŎƛǘȅΩǎ industrial docklands having a 

significantly higher prevalence of respiratory symptoms, which is attributed to high levels of 

dust deposition in the area.(10) Approximately a third of parents reported that their child 

had been diagnosed with asthma, and 11% of children had a history of at least one hospital 

admission for a condition of the respiratory tract.(137) The prevalence of DDA was found to 

be significantly higher in children from a lower socioeconomic background.(38) This suggests 

that a relationship exists between deprivation and poor respiratory health in children living 

in Merseyside. Researchers estimated that almost half of children enrolled in the study 

were regularly exposed to environmental tobacco smoke, which may also account for the 

increased prevalence of respiratory disease in the area.(134, 137) 

The MRHS also detected a high prevalence of maternal smoking during pregnancy 

in Merseyside, particularly amongst teenage mothers.(138, 139) In 1998 and 2006, 38% and 

27% of mothers reported smoking during pregnancy in respectively, which illustrates the 

significant public health problem of cigarette smoking during pregnancy in Merseyside.(140) 

The study examined the influence of maternal and foetal factors upon the prevalence of 

asthma, and found that maternal cigarette smoking predisposes children to premature 

birth, and that premature birth is also an independent risk factor for asthma.(24) 

Researchers found that these mothers were more likely to be from a lower socioeconomic 

background, and that mothers who smoked during pregnancy were also more likely to 

consume alcohol prenatally.(38) An analysis of population attributable risk for adverse birth 

outcomes as a result of maternal cigarette smoking during pregnancy in Merseyside 

demonstrated that around 25% of low birth weight deliveries and up to a sixth of 

premature births could be attributed to this particular risk factor.(138) Children exposed to 

cigarette smoke in utero were more likely to have a lower gestational birth weight. They 

also may be predisposed to short stature, behavioural problems and obesity in later 

childhood.(140, 141) 

Data from routine sources further supports evidence from the MRHS.(9, 132) Children 

from Merseyside are exposed to a number of both modifiable and fixed risk factors for 
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respiratory disease, which in turn contributes to the significant respiratory morbidity in the 

paediatric population in Merseyside. However, the data from the MRHS only represents 

children aged 5-11 years, meaning data is only applicable to children of this age. Despite 

data being collected about pregnancy and preschool years retrospectively, this may be 

subject to recall bias. Furthermore, the cross-sectional study design of the MRHS means 

that at the point of data collection, many children had already been diagnosed with 

asthma, thus the precise aetiology may have been unclear. Although general population 

trends may be demonstrated from the series of surveys, the gross changes in respiratory 

symptoms on an individual level cannot be determined, and neither can causality.  

The advantages of the Liverpool Respiratory Birth Cohort Study over previous 

studies of children in Merseyside include the longitudinal linkage of data, which will permit 

researchers to gain insight in to both the prevalence and possible aetiology of respiratory 

symptoms, but also how patterns of such symptoms change over time on an individual 

basis, within the Liverpool population. The questionnaire in the LRBCS also includes a 

section that explores quality of life in addition to the respiratory symptom questions, which 

allows researchers to gain insight in to the impact of respiratory conditions upon both 

children and their families. The study design as a birth cohort study allows exposure and 

demographic data to be gathered early in life, and will permit researchers to explore the 

previously undescribed prevalence ƻŦ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎ ƛƴ [ƛǾŜǊǇƻƻƭΩǎ ǇǊŜǎŎƘƻƻƭ 

population.  Table 1. 2 summarises previous longitudinal studies of respiratory diseases in 

paediatric populations.  

 

 

 

 

 

 

 



Table 1. 2 Longitudinal Studies of Respiratory Diseases in Paediatric Populations 

Study Acronym Country/Region Year Age Number of 
Participants 

Areas of Interest 

Isle of White Cohort 
Study(142) 

- Isle of White, United 
Kingdom 

1989 0+ 1,456 Environmental factors, food allergies 

Multi-Centre Allergy 
Study (143) 

MAS Berlin, Dusseldorf, Mainz, 
Freiburg and Munich, 
Germany 

1990 0+ 1,314 Asthma, Atopy and factors affecting sensitization 

Leicester Respiratory 
Cohorts(6) 

- 
Leicester, United Kingdom 1990 & 1998 1+ 1650 & 8750 Natural history and prevalence of respiratory disease in children 

Environment and 
Childhood Asthma (144) 

ECA 
Oslo, Norway 1992 0-2 3,754 Association of air pollution and asthma in young children 

Manchester Asthma and 
Allergy Study (12) 

MAAS Manchester, United 
Kingdom 

1995 0+ 957 Natural history of asthma and allergies 

Prevention and 
incidence of asthma and 
mite allergy ς Natural 
history study(145) 

PIAMA 

The Netherlands 1996 0+ 3,291 Asthma, Respiratory symptoms, Allergies 

Pollution and Asthma 
Risk: an Infant Study(146) 

PARIS 
Paris, France 2003 0+ 3,855 Environmental effects upon aetiology of asthma 

International Study of 
Asthma and Allergies in 
Childhood(119) 

ISAAC 
International 1991 

6/7 & 
13/14 

>2,000,000 
Aetiology and impact of asthma and other allergic disease in 
childhood 
 

Western Gothia Children 
Study(147) 

VGB 
Gothenburg, Sweden 2003  4,921 Natural history and risk factors for asthma and allergies 

 



1.5 Respiratory Symptom Questionnaires  
During the formation of the protocol of the LRBCS, it was decided that the Liverpool 

Respiratory Symptom Questionnaire (LRSQ) would be used as the core questionnaire. It has 

already been validated for paediatric populations, and a unique feature of the LRSQ as a 

research tool is that ƛǘ ŜȄǇƭƻǊŜǎ ǘƘŜ ŎƘƛƭŘ ŀƴŘ ŦŀƳƛƭȅΩǎ quality of life in the context of 

respiratory symptoms.(1) The questionnaire is a fundamental element of the study design of 

the LRBCS, thus it was necessary to consider the context of other validated respiratory 

questionnaires to ensure that the LRSQ is the most appropriate tool for the LRBCS.  

1.5.1 General Respiratory Symptom Questionnaires  
The widespread use of respiratory symptom questionnaires to assess the prevalence of 

cough, wheeze, dyspnoea and other symptoms began in 1960, when the Medical Research 

Council (MRC) designed a questionnaire to be used in respiratory epidemiology. (148) The 

original questionnaire has been applied in modified forms in a number of epidemiological 

studies worldwide. There are now a number of respiratory symptom questionnaires that 

have been validated for use in adult and paediatric populations. There is wide variation in 

the purpose and use of questionnaires: some are disease specific whereas others explore 

the nature and impact of respiratory symptom. Some questionnaires are used for clinical 

assessment of disease progression in individuals, whereas others may be used for 

epidemiological surveillance in disease free populations. Questionnaires may be completed 

as part of a structured interview, or they may be self-completed. There are a number of 

widely used adult respiratory symptom questionnaires which explore the impact of 

respiratory symptoms upon quality of life. However, these questionnaires have not 

previously been validated in children, and contain domains that are unsuitable for 

paediatric studies, and are therefore unsuitable for the LRBCS (see Table 1.3). 

1.5.2 Paediatric Respir atory Symptom Questionnaires  

There are few respiratory symptoms questionnaires that assess respiratory symptoms in 

children.(149) Furthermore, questionnaires that are used in a paediatric context often focus 

upon a specific disease processes, namely asthma. as opposed to symptoms alone (see 

Table 1.3).  

The questionnaire used in the previously discussed ISAAC study is the most 

frequently used respiratory symptom questionnaire for children.(120) This may be attributed 

to the large number of participants that were involved with ISAAC, and also because it has 

been successfully translated in to a number of languages. The questionnaire includes 21 

items, and covers a number of domains, that assess the prevalence and severity of asthma, 



Bethan Griffith 
 

43 
 

rhinitis and eczema in childhood.(119) Despite providing a comprehensive assessment of the 

prevalence of respiratory and allergic symptoms in children, a limitation of the ISAAC 

questionnaires is that there is no exploration of the impact of symptoms upon quality of 

life. 

The American Thoracic Society (ATS) also created a paediatric respiratory 

questionnaire which is a widely accepted tool for assessing respiratory health in 

children.(150) The ATS questionnaire consists of up to 45 items that explore demographics 

and exposures including co-morbidities as well as personal medical history. Other 

questionnaires that specifically explore the prevalence, control and impact of childhood 

asthma include the Asthma Control Questionnaire and the Test for Respiratory and Asthma 

control in Kids.(151, 152) However, these questionnaires are not appropriate for use in the 

LRBCS as they are designed for specific disease processes.  

Like the LRSQ, The Paediatric Asthma and Quality of Life questionnaire explores 

both the prevalence and impact of respiratory disease in children, however it is designed 

and validated for the assessment of children aged 7-17 years, thus may not be suitable for 

the preschool population of the LRBCS. (153) 

The Liverpool Respiratory Symptom Questionnaire 

The research team concluded that the LRSQ would be the most appropriate questionnaire 

to explore the respiratory symptoms of preschool children in the LRBCS (see Appendix 3 for 

original version of LRSQ). The questionnaire was developed using pre-existing standard 

questionnaires, including the ISAAC questionnaire, and aimed to identify up to four clinical 

phenotypes of wheeze in preschool children. It was first validated by Powell et al in 2002, 

who used the questionnaire in a group of children admitted to a specialist neonatal unit in 

comparison to a group of healthy controls born at the same hospital.(1) The initial study 

demonstrated that the questionnaire had good sensitivity (a range of 88.9-96.7% across all 

eight domains), in terms of detection of respiratory symptoms, and also had good internal 

consistency, with CronbachΩǎ Alpha scores of 0.87-0.95, and short-term reliability was 

acceptable, with Kappa demonstrating agreement with scores ranging from 0.4.-0.7. The 

questionnaire was further validated by Trinick et al in 2012 to assess symptoms and quality 

of life in 20 preschool children with cystic fibrosis, in comparison to 51 healthy preschool 

controls. (7) Trinick also assessed the questionnaire in an older group of children aged 6-12 

years, and demonstrated that children with known chronic respiratory disease (cystic 

fibrosis) had significantly higher LRSQ scores, particularly in the quality of life domains of 

the questionnaire. Children who suffered with chronic respiratory disease that frequently 
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missed school also had higher LRSQ scores. The internal consistency scores were slightly 

lower in the second study, with a range of 0.64-0.89 in the preschool group, however this 

was attributed to a single question relating to snoring in the night time symptoms domain 

(see Table 1 for overview of LRSQ domains and appendix 3 for the complete LRSQ). Powell 

et al also noted that this particular question demonstrated little correlation with other 

questions, thus the LRBCS will consider the removal of this question during analysis of the 

responses from our cohort.  In consideration of response rates, the content and language of 

the LRSQ, which should take 5-10 minutes to complete, is highly acceptable to parents and 

caregivers. A Flesch-Kincaid reading score analysis also demonstrated that the 

questionnaire was an appropriate level for parental completion.  

 The questionnaire was further validated in an unpublished cross-sectional that 

explored respiratory symptoms in infants that had previously been treated for RSV 

bronchiolitis, which was conducted by Pickles and Semple in 2011. This study also 

demonstrated that the LRSQ had good internal validity and the study achieved an 

acceptable response rate, which suggest acceptability. The study also highlighted issues 

with the design and layout of the questionnaire, which can be altered in the LRBCS and 

were thought to have affected the quality of some of the data that was collected.    

The LRSQ will be used alongside an exposures and demographics questionnaire to 

provide researchers with a comprehensive overview of the prevalence, nature, impact of 

respiratory symptoms and diseases in preschool children living in Liverpool. It may also aid 

researchers to identify the exposures that predispose these children to respiratory 

morbidity. The exposures and demographics questionnaire was created with input from 

academic supervisors and several senior respiratory physicians, including those who initially 

developed and validated the LRSQ (see appendix 4 for demographics and exposures 

explored in the questionnaire). Questions evaluate important risk factors for respiratory 

disease in infancy and childhood, including family history of atopy, exposure to cigarette 

smoke and postcode, which will be used to calculate the indices of multiple deprivation 

scores for participants.    
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 Table 1.3 Respiratory Symptom Questionnaires  

 

  

Name of 
Questionnaire 

Abbreviation Completion Conditions/Symptoms 
Explored 

Medical Research 
Council Respiratory 
Questionnaire(154) 

MRCq Self-completed 
or Interview 

Respiratory symptoms, past 
medical history, smoking 
history, family history and 
occupational history. 

{ǘ DŜƻǊƎŜΩǎ 
Respiratory 
Questionnaire(4) 

SGRQ Self-completed Chronic airways diseases, 
including chronic obstructive 
pulmonary disease,  

American Thoracic 
Society Division of 
Lung Disease 
questionnaire(150) 

ATS-DLD-78 Self-completed Prevalence of respiratory 
symptoms and disease. 

Asthma Control 
Test(155) 

ACT Self-Completed Asthma control 

Internati onal 

Union against 

Tuberculosis and 

Lung Disease 

Bronchial 

Symptoms 

Questionnaire (156)  

IUATLD Self-completed Respiratory symptoms, 
bronchial symptoms, 
respiratory infections.  

Wisconsin Upper 
Respiratory 
Symptom Survey(157) 

WURSS Self-Completed Assess the severity of the 
common cold (coryzal 
symptoms). 

Leicester Cough 
Questionnaire(158) 

LCQ Self-Completed Impact of chronic cough upon 
quality of life 

Self-Reported 
Chronic Respiratory 
Questionnaire(159) 

CRQ-SR Self-Completed To assess the severity and 
impact of chronic obstructive 
pulmonary disease 

Interviewer Led 
Chronic Respiratory 
Questionnaire(159) 

CRQ-IL Interview To assess the severity and 
impact of chronic obstructive 
pulmonary disease 
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Table 1.4 Paediatric Respiratory Questionnaires 

Name of 
Questionnaire 

Abbreviation Symptoms/Conditions 
Covered 

Age 
(Years) 

Completion 

Liverpool 
Respiratory 
Symptom 
Questionnaire(1) 

LRSQ Chronic conditions, 
cough, Wheeze, 
shortness of breath, 
snoring  

<5 Parental 

International Study 
of Asthma and 
Allergies in 
Childhood 
questionnaire(121) 

ISAACq Asthma and Allergic 
disease 

6/7 Parental 

International Study 
of Asthma and 
Allergies in 
Childhood 
questionnaire 

ISAACq Asthma and Allergic 
disease 

13/14 Child 

American Thoracic 
{ƻŎƛŜǘȅ /ƘƛƭŘǊŜƴΩǎ 
Questionnaire(150) 

ATS-DLD-78c Asthma, Respiratory 
infections 

<13 Parental 

Asthma control 
questionnaire(151) 

ACQ Asthma 6-16 Parental 

Test for 
Respiratory and 
Asthma control in 
Kids(152) 

TRACK Asthma, respiratory 
disease  

<5 Parental 

Paediatric Asthma 
Quality of Life 
Questionnaire(153) 

PAQLQ Asthma 7-17 Parental 

Pollution Effects on 
Asthmatic Children 
in Europe (160) 

PEACEq Respiratory symptoms in 
the context of 
environmental pollution 

6-12 Parental 
 

Wythenshawe 
Community 
Asthma Project 
Questionnaire(161) 

- Asthma, undiagnosed 
respiratory disease 

5-15 Parental 

Infant/Toddler 
Quality of Life 
questionnaire(22) 

ITQOL+ISAAC Impact of wheezing 
illness in preschool 
children upon health 
related quality of life 

0-5 Parental 
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1.6 Conclusion 
Birth cohort studies are a valuable epidemiological tool to monitor the changes in 

prevalence of disease within populations. There have been a number of birth cohort studies 

conducted at regional, national and international levels across the world, which focus on 

the health and development of children. The results from these studies have contributed 

significantly to our knowledge of the determinants of health during childhood, as well as 

the effects in later life. They have informed governments and allowed policies to be 

implemented to protect and promote health in childhood. Longitudinal studies have also 

been conducted to specifically investigate the epidemiology of respiratory disease, asthma 

and allergic diseases, which have allowed a greater understanding of the risk factors and 

natural history of respiratory disease in children. The design of these longitudinal studies 

often rely upon parent-completed questionnaires to assess children at specific time points, 

however, existing questionnaires have limitations, and there are currently very few 

questionnaires that are validated for exploring respiratory symptoms in preschool children. 

 The LRBCS is amongst the first longitudinal studies that explores both the 

prevalence and impact of respiratory symptoms within an unselected population based 

birth cohort study, and will also be the first birth cohort study to use the LRSQ. 
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Chapter 2 

Questionnaire Development  

2.1 Introduction  
During the protocol development by Pickles & Semple, it was decided that a core feature of 

the study design should be an online version of the LRSQ. The use of contemporary 

technology is hoped to improve compliance and retention of participants. Evidence 

suggests that using the internet (as opposed to postal methods) for epidemiological 

research can increase response rates, reduce loss to follow up, and improve the quality of 

data.(162, 163) My involvement with the study commenced during the second of phase (Table 

2.1), with the development of the questionnaire. To ensure that conducting a longitudinal 

study online was feasible in this population, it was first necessary to assess whether 

mothers from the target population of the LRBCS would consider the online format as 

accessible and acceptable.  

Table 2.1 LRBCS Timescales 

 

 

The idea to conduct the LRBCS online stemmed from the knowledge that the way 

the public interact with health related services and information has evolved over the last 

two decades. This is secondary to the advancement of the internet, paired with the ever-

increasing availability of portable multimedia devices, such as laptops, tablets and 

smartphones.(164-166) This provides health care professionals and researchers with the new 

opportunity to engage with new populations, and to gather epidemiological information 

outside of the paradigm of the usual experimental settings.(167, 168) However, in comparison 

with other industries, the medical profession somewhat lags behind in investment and 

utilization of information technologies for research and development.(169, 170) The internet 

provides cost-effective and simple means of conducting research and purpose-built 

websites can provide simple tools for creating surveys, whilst social media can be used as a 

platform to target wider audiences.(171, 172) 

Phase Tasks to be completed 

1 Completion of protocol and application to IRAS for ethical approval by May 
2012. 

2 Development of the online questionnaire, email and consent forms by December 
2012. 

3 Recruitment from January 2013 for a minimum of 12 months (including 4 
week pilot). 

4 Distribution and analysis of questionnaires. 
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2.1.1 Conducting Research Online  
Participation in traditional methods of collecting epidemiological data, including paper 

questionnaires and participants interview sessions has declined in some of the established 

birth cohort studies over recent years.(64, 65, 173-175) The costs of printing and distributing 

questionnaires may be considerable in large study populations.(176, 177) Some of the 

proposed benefits of distributing research questionnaires online, in contrast to postal 

methods include cost-effectiveness, and some studies report improved response rates, 

which are desirable to any researcher conducting a birth cohort study.(162, 163) However, 

there has been conflicting evidence about the validity of data collected by these methods, 

and thus researchers must appraise the benefits and limitations of this research method in 

the context of their own study and population when deciding to conduct a study all or 

partially online. (167)  

Advantages of online questionnaires in medical research studies 

Conducting longitudinal research studies using the internet having significant benefits to 

both participants and researchers, in the context of time, costs and convenience. These 

benefits are beginning to be acknowledged by some of the large ongoing birth cohort 

studies, including ALSPAC(5) and Growing up in Scotland(68), which have both commenced 

the transition to online questionnaires. Furthermore, a birth cohort study was established 

in Italy in 2007 that primarily used the internet to recruit participants and collect data.(178) It 

has so far recruited approximately 6100 mothers to the cohort, thus demonstrating that 

this is feasible to conduct a an epidemiological using the internet.(179) 

Furthermore, the quality of data may also be superior in electronic questionnaires, 

due to technology that prevents incomplete or implausible responses being submitted.(167, 

174) Once the logistics of online questionnaire distribution have been finalised, there is 

minimal need for administration. as the technology permits researchers to automate the 

delivery of self-administered questionnaires, and subsequent reminders if necessary, to 

large volumes of participants at specified time points. 

Responses can be received immediately by email, HTML document or database 

files, which permits rapid analysis of data. This eliminates the need for interviewers or 

administrators, which in turn can reduce study costs. Study costs may be further reduced 

due to savings on printing and postage costs. The advancement of technology also permits 

the questions to be tailored to an individual based on responses to previous sections, which 

can considerably shorten the length of the questionnaire and enhance the survey 

experience by maximising the perceived relevance of the study to participants.  
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Disadvantages of online questionnaires in medical research studies 

Although there are a number of advantages associated with conducting epidemiological 

studies online, researchers must also consider the limitations of this method of data 

collection.(167, 174, 180-182) It is necessary to appraise the suitability of online data collection to 

their own particular study to minimise the chance of biased results. There is little data 

available that specifically addresses the efficacy of online questionnaires versus postal 

questionnaire in the context of a longitudinal prospective birth cohort study.(178)  Some 

limitations are unavoidable and inherent in all studies that involve questionnaires, however 

some limitations are unique to internet based research.(166) The two major concerns with 

data collected online are validity and bias.(180) Selection bias is one of the most significant 

problems faced by researchers when conducting health-based research online.  

Although self-selection bias is prevalent in traditional postal questionnaires, 

researchers must consider that only certain types of individuals would be likely to complete 

a questionnaire online, and furthermore it may not be possible for people from certain 

demographics to access an online questionnaire. The LRBCS attempts to overcome this bias 

by ensuring during feasibility testing that a large proportion of the target population have 

access to the internet. Furthermore, the LRBCS research team offer a postal option for 

communication and questionnaires for all those who have no access to the internet or 

prefer a paper questionnaire. Recruitment to the study will be in person, thus a number of 

the difficulties associated with internet based-recruitment from social media and websites 

are not relevant to the LRBCS.(171, 172, 178)  

Due to the aforementioned socioeconomic disparities in the city of Liverpool, a true 

representative sample is essential for the validity LRBCS, thus the research team will 

continuously monitor the demographics of participants, to monitor any 

underrepresentation of certain maternal age groups, parents from lower socio-economic 

households or minority ethnic backgrounds, which has been reported in other web-based 

health research.(178, 183) 

Clear benefits and limitations exist and must be considered when conducting 

research using online resources. The design of the LRBCS aims to identify any possible 

limitations of the study in its development stage, thus the study will be developed closely 

with parents to ensure the design appeals to potential participants. 

 

2.1.2 Public and Patient Involvement 
It is accepted that feasibility testing in an essential step of research methods, and input 

from members of the target population during the development phase of an 
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epidemiological study can be invaluable, being both practical and constructive. (184, 185) The 

research team felt that it was therefore essential to develop the LRBCS involving mothers 

from similar demographics to potential participants. Patient and public involvement (PPI) is 

the name given to this process of developing health related services and projects in 

collaboration with patients and the wider public. This is recommended by regulatory bodies 

such as the Department of Health and the National Institution of Health Research (NIHR), in 

which, and implemented in research and development by the National Institute of Clinical 

Excellence (NICE).(186) (187, 188) ttL ƛǎ ŀƴ ǳƳōǊŜƭƭŀ ǘŜǊƳ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ άǘƘŜ ƳǳƭǘƛǇƭƛŎƛǘȅ ƻŦ 

ƛƴǘŜǊŀŎǘƛƻƴǎ ǘƘŀǘ ǇŀǘƛŜƴǘǎ ŀƴŘ ǘƘŜ ǇǳōƭƛŎ ƘŀǾŜ ǿƛǘƘ ƘŜŀƭǘƘ ǎŜǊǾƛŎŜǎέ.(189) Fundamentally, it 

represents the effective and purposeful engagement between health care professionals, 

service users, and the public in all aspects of planning, developing, commissioning and 

decision making.(190) The process aims to enhance the quality of health care and research, 

and satisfaction amongst patients and participants respectively. Thus, the research team 

hypothesized that developing the appearance and presentation of the LRBCS with the input 

of potential participants will ensure that the study is developed to be both suitable and 

attractive to this population. 

Several publications have demonstrated that the overall design is crucial in 

capturing the interest of participants and ensuring prompt and meaningful responses.(191) 

The graphic άƴƻƴ-ǾŜǊōŀƭέ ŜƭŜƳŜnts of questionnaire presentation convey important 

messages and instructions to participants, and therefore should also be carefully 

considered when designing a questionnaire.(192) For the LRBCS, the most appropriate design 

will be determined by interviewing mothers from the target population. The results from 

these PPI sessions with parents will guide researchers towards the final design, and it is 

hoped that parents consequentially will find it more desirable to continue to return the 

questionnaire for the whole five years, which would inevitably increase the power of the 

LRBCS. 

 

2.1.3 Objectives:  
To assess the accessibility and acceptability of the LRSQ and demographics questionnaire in 

the context of presentation, format and appearance by involving mothers.  
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¶ Inclusion: IƴŦŀƴǘǎ ōƻǊƴ ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ ƘƻǎǇƛǘŀƭΣ ƛƴŎƭǳŘƛƴƎ ǇǊŜƳŀǘǳǊŜ ōƛǊǘƘǎΣ 

where the parents normally reside in Liverpool postcodes (L1-L38) regardless of 

future residence 

¶ Exclusions: Neonates born to parents normally resident outside the Liverpool 

postcodes L1-L38. Babies born to non-English speaking parents.  

 

2.2 Methods  

2.2.1 Development  
The key variables found to affect the attitude and perceptions towards a questionnaire 

included the layout, order and density of the questions and information presented, as well 

as the use of colours, patterned backgrounds, images and logos, and variation in font size 

and colour. (191-194) It was therefore decided that a feasibility study would be beneficial for 

researchers in order to appraise domains such as accessibility; whether participants could 

easily access and complete the questionnaire; as well as design features including density, 

which is the amount of information displayed on each page including the spacing between 

questions. Researchers would also consider the most appropriate size and style of fonts and 

typeface for the questionnaire. The use of images and logos or other non-verbal 

communication and background and colour were also to be considered. These various 

domains were used to create a series of questionnaire prototype pages, each with options 

or variations of each of these domains. Figure 2.2 demonstrates how these domains were 

translated in to designs. 

Three to four options for each domain were created and prepared for presentation 

to a small group of parents in order to assess the acceptability of the format of the 

questionnaire, and the impact of the different designs on how the questionnaire was 

perceived.  For maximum continuity, the parents to whom these prototypes would be 

presented would be from the same population as the LRBCS ς English speaking parents of 

newborn infants at tƘŜ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭ (LWH). Therefore, the inclusion and 

exclusion criteria for this small pilot were identical to that of the LRBCS (Figure 2.1).  

The presentation (see appendix 5) was limited to five short key questions to be answered ς 

one for each of the previously identified domains.  

Figure 2.1 Eligibility for involvement in LRBCS PPI session 
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Figure 2.2 Prototype questionnaire presentation used in PPI session 
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Figure 2.3 Preferred method of 
completion of questionnaire 
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Figure 2.4. Preferred density of questions
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2.3 Results 
Twenty mothers that met the inclusion and exclusion criteria of the study were 

approached: all twenty readily volunteered to evaluate the questionnaire prototypes. 

tŀǊǘƛŎƛǇŀƴǘǎΩ ǇǊŜŦŜǊǊŜŘ ŘŜǎƛƎƴ Ŧƻr each domain were documented. It was also recorded if 

participants had no preference. The researchers also noted any additional comments 

offered by participants as this feedback is also useful. 

2.3.1 Accessibility  
From the outset, the intentions of the researchers involved in the LRBCS was that the study 

should be conducted online. As previously 

discussed, the availability of the internet is vastly 

expanding, however prior to conducting a study 

online, the feasibility must be explored, and 

researchers must ensure that participants can 

easily access the internet.  

Of the 20 parents interviewed, most (n=13) 

communicated that their preferred method of 

completion of a questionnaire of this type would be 

using a laptop or personal computer (Figure 2.3). A 

preference to a tablet or smartphone was 

expressed by seven of the interviewees (n=2 and 

n=5, respectively). No mothers that were interviewed expressed a preference to receiving a 

paper questionnaire by post. All 20 interviewees confirmed that they had access to their 

preferred mode of completion, and 19 of the 20 had access to a personal computer. Many 

of the additional comments received about accessibility were involving smartphones. Many 

felt that despite having access to 

both a computer and a smartphone, 

they considered completion via a 

smartphone to be too complex. 

Conversely, participants that 

conveyed preferences to 

smartphones generally chose this 

option as they perceived it to be less 

time consuming as it would be 

ŀǾŀƛƭŀōƭŜ άŀƴȅ ǇƭŀŎŜΣ ŀƴȅ ǘƛƳŜέΦ              
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Figure 2.5 Preferred amount of colour in the context of background and fonts 
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2.3.2 Density  
Page density was categorized in to three alternative options: high- with many or all the 

questions were on one page; medium- where a few similar questions were grouped 

together; or low- represented by one question per page. As anticipated, a medium density 

was preferred by most of the participants (n=13)(Figure 2.4). This density was perceived as 

being efficient without being overwhelming. Three preferred a higher density and a further 

three participants preferred a low density. One mother expressed no preference in regards 

to the density of the questions. Many parents expressed their frustration in completing 

online questionnaires with low densities; they are perceived as άŜƴŘƭŜǎǎέ; one parent 

stated she would be likely to stop answering the questions should a questionnaire be in this 

format. In contrast, some parents believe that a high density would discourage them from 

completing the questionnaire.  

2.3.2 Background  
Four sample slides with varying proportions of colour were provided for the volunteers to 

scrutinise, ranging from a plain white background, and a similar one with coloured fonts, to 

a background containing several bright colours. Seven stated a preference to a plain, 

uncoloured background, and six reported that they would favour a plain background with 

subtle colour in the fonts, whilst five wanted some colour (Figure 2.5). One wanted a very 

colourful background, and one stated no preference. It may be of significance that many 

participants hesitated prior to responding to this question, and several participants found it 

difficult to make a definite decision. 
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Figure 2.6 Preferred font size 
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2.3.3 Themes, Images and Logos 
This aim of this section of the interview was to evaluate the responses evoked by the use of 

different images and logos. As recommended by the literature(195), the prototypes used 

images that were relevant to the nature of the LRBCS, and άŦǊƛŜƴŘƭȅέ and appropriate 

themes were created. The first had an image of children holding hands along the footer; the 

second had pencils along the footer and a header in a typeface of child-like writing. The 

third was very colourful and had a child-style illustration in the background. Positive 

responses were received by thirteen of the participants to the first theme, compared to just 

2 and 1 to the second and third options respectively. Five people stated no preference to 

any of the above themes, and four of these communicated that they would prefer use of 

images to be kept minimal. 

2.3.4 Font Size 
The final area of questionnaire design tested was font 

size. Examples of the appearance of small, medium and 

large fonts were provided. Arial, a sans serif font was 

selected for testing as these fonts are perceived better 

when reading screens (as opposed to Serif fonts such as 

Times New Roman, which are better perceived on 

paper). Arial in specific was selected due to its wide 

availability in software packages. Three quarters (n=15) 

of the parents interviewed preferred the medium font, 

which corresponded to a size 16 Arial font (Figure 2.6). 

Three preferred a smaller font (Arial size 12), and two 

preferred a larger size (Arial size 20). However, in consideration of the additional feedback 

and comments received, the key seems to be relativity; many of the parents expressed that 

it is the ratio of the typeface relative to the screen size that is important, as opposed to the 

actual size. 

2.3.5 Other Significant Findings  
Many of the new mothers interviewed by LRBCS researchers demonstrated a keen interest 

in aiding the development of the LRBCS questionnaire, and were eager to provide feedback 

and suggestions for improvement or modification of the current design (Figure 2.7) 

Furthermore, it was encouraging to hear that many of the parents were intrigued by the 

study itself, and were disappointed to discover that they were not currently able to 

participate.  
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Figure 2.7 Additional Comments received from parents 
 

 

 

 

  

¶ Ensure there is enough information available about the reason for the study. 

¶ Images can be a help and hindrance: simple and relevant pictures can maintain 
attention, whereas too much can be distracting. 

¶ Keep things simple, but the overall look is very important ς it needs to look 
professional and important. 

¶ YŜŜǇ ƛǘ άǎƘƻǊǘ ŀƴŘ ǎǿŜŜǘέ. 

¶ ¦ǎŜ ŀǎ ƭƛǘǘƭŜ ŀǎ ǇƻǎǎƛōƭŜ ƻǇŜƴ άǿƘƛǘŜ ǎǇŀŎŜέ ǉǳŜǎǘƛƻƴǎΣ ŀƴŘ ǘǊȅ ǘƻ ƪŜŜǇ ǘƻ ŀǎ ƭittle 
options as possible. 

¶ Give an estimate at the beginning how much time it will take to complete. 

¶ Small incentives would make parents more likely to complete the questionnaire. 
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2.4 Discussion 
There was a positive response from both midwives and parents to the study concept, and 

information gathered from the PPI session will have a significant influence upon the further 

development of the questionnaire. Analysis of these results has provided researchers with 

the opportunity to maximise the potential of the LRBCS by incorporating elements of design 

that were positively received by the target population. The information permitted 

researchers to create a full mock-up questionnaire to be used in usability testing. 

 There was a clear trend in terms of accessibility; personal computers were clearly 

favoured over other devices, with 65% of the parents stating this as their preferred method 

of completing the questionnaire. Furthermore, 95% had access to a personal computer, 

confirming that the questionnaire would be accessible. It was striking that no participants 

wished to receive the questionnaire by post, which is testament to the revolution of the 

internet and its enormous power as a tool for data acquisition(196), and moreover supports 

the decision to conduct the LRBCS online. It is also noteworthy that, a significant proportion 

(25%) would favour completing the study via a Smartphone application. It is therefore 

reasonable to consider the possibility of the developing a mobile phone application version 

of the study to ensure equality and maximise accessibility. Advancement in Web 

technologies now provide open access to the tools required to easily create such 

applications.(197, 198) 

 The trends seen in this study in the context of font size, density and background 

colour, where results deviate towards the middle or moderate option have been 

demonstrated in other studies, and may be influenced by participants answering in a way 

they perceive to be socially desired or expected by the interviewer.(199) Furthermore, the 

use of such terms in a research setting may be arbitrary. As the questionnaire content had 

been previously validated for use within this population and thus the questions will remain 

unchanged. However, information density can be modified, and it may affect the overall 

likelihood of completion of a questionnaire(194). Vast amounts of questions on one page may 

intimidate potential participants, whereas, as stated by some of our participants, very low 

densities (i.e. one question per page) can prolong the questionnaire and frustrate 

participants, thus raising the attrition rate of a study(199). We must therefore consider the 

presentation of information- a fine balance must be achieved. It is reasonable to conclude 

that a medium density would be most appropriate; 65% of the participants agreed. A logical 

method of executing this would be to group four to six precisely worded, similar questions 

together per page, and keeping this format constant throughout, which is compatible for 

the existing design and format of the LRSQ. 
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 There was less consensus amongst participants in regard to which themes and 

logos, background styles and colour, were most aesthetically pleasing. This tends to reflect 

the personal preferences of individuals.(200) However, overall, backgrounds with fewer 

colours and less imagery were preferred. When prototypes were ranked according to 

colour content, a correlation appeared between the proportion of colour and the amount 

of participants preferring this style (Figure 2.8). This strongly supports the use of a neutral 

background in the design for the questionnaire, with conservative use of colour. The 

opinions expressed by participants about the use of themes and logos also favoured a 

simpler designs, with over half (n=12) stating a preference for the simplest of the proposed 

designs, which contained just a small image on the foot of the page, and a quarter (n=4) 

had no preference. Thus, influenced by this evidence, the final design of the questionnaire 

will have minimal use of patterns and colours and modest, simple and clean images. 

 Typeface and font size will also follow a simple theme, a decision that is also heavily 

influenced by the input of those parents questioned. With consideration of the feedback 

received from parents, size will be relative to the page and the number of questions on that 

particular page, and efforts will be made to ensure the questionnaire looks appealing with a 

large enough font so that text can be easily comprehended.  

 Many of these findings are consistent with the findings of similar investigations, 

and will be considered when finalising the design. Elements of the different prototypes will 

be collaborated to create the best possible design, with the aim of being attractive and 

practical for parents whilst maintaining its scientific significance as a research tool. An 

example of how the input from the PPI session will be utilised in the design of the 

questionnaire is demonstrated in Figure 2.9. 
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The slides were ranked in terms of colour content, with the design containing the least 

colour assigned 1 and the design containing the most assigned 4. 
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Figure 2.8 Parent preferences of colour use in the questionnaire design 
 

Figure 2.9 Proposed appearance of LRBCS questionnaire using data from PPI Sessions 
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2.5 Conclusions 

2.5.1 Public and p atient involvement in the development  online research 

questionnaire:  
The evidence gathered by PPI in this feasibility study supports the evidence that involving 

the public during the piloting and developing stages of research questionnaires can be 

informative and constructive. This notion permits researchers to adapt the study design to 

ensure participants perceive the study to be both relevant and significant. Receiving 

feedback will also allow researchers to tailor the LRBCS to the demands of its study 

population ς it is hoped that this will maximise its potential in terms of response rate, 

attrition and the overall quality of the information gathered. This research method is 

perceived as new and exciting by participants and clinicians alike; it allows parents to feel 

empowered by their contribution in to health services, and thus increases their likelihood 

to partake in research.  

2.5.2 Limitations  of this feasibility study  
Consideration of limitations is essential when appraising the quality of the data from any 

study. An important factor to consider is that the information was gathered by persons 

involved in LRBCS, which may have introduced an element of observer bias in the collection 

and interpretation of the information provided by parents. The risk of introducing this type 

of bias was lessened by the presence of two interviewers that recorded the evidence 

separately, however the risk may have been further minimised by recording the 

conversations held with parents.  

When parents were interviewed, they were asked to state one preference for each 

of the domains; however a preferential system, whereby participants rank all the options in 

order of preference, may have yielded more accurate results by revealing overall trends 

and providing more data for robust statistical analysis.  

This study targeted a specific population group, thus inferences made may not 

represent the whole population. Furthermore, results may have been more reliable with a 

larger sample size, which was not possible at the time due to time constraints. The study 

will be further piloted to assess usability prior to its launch, which may reveal any issues not 

identified in this feasibility study. 
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Chapter 3 

Further Development  of Online Materials and 

Preparation for Recruitment  

3.1 Introduction  
Until recently, creating and conducting research questionnaires using the online platform of 

the World Wide Web (WWW) was considered a time-consuming task requiring a 

considerable understanding of internet authoring programs or Hypertext Markup Language 

(HTML), which is the standardized system used to achieve font, colours, graphics and links 

on internet pages.(182) Today, survey software packages or online services have become 

easily accessible at a reasonable cost, permitting online research projects to feasibly be 

conducted by researchers from a variety of disciplines and backgrounds with little or no 

prior experience of web design.(201) 

Following the patient and public involvement work, it was necessary to develop a 

functional questionnaire using an online platform that was suitable for the needs of the 

LRBCS. The research team had prior permission to use a software package called 

SelectSurvey.NET (SSN) through an institutional license held by the University of Liverpool. 

However, despite being an acceptable platform for conducting surveys, the software had 

limitations, particularly in the context of freedom to design the appearance of the 

questionnaire, but also in the terms of the sophistication of technology. It was therefore 

necessary to assess whether this software was suitable for the LRBCS, as a key aim of the 

study was to utilize the latest technology to maximise the perceived convenience of 

participation for parents.  

3.2 Survey Software  
As the LRBCS is a longitudinal study, parents will be expected to repeatedly complete 

questionnaires over an extended period of time. Selection of survey software is therefore a 

fundamental element of the study design, as less sophisticated or inappropriate survey 

software may be less appealing to parents which, the research team hypothesize, could 

affect response rates of follow-up questionnaires and the overall impression and impact of 

the study.  It is expected that all software should have basic question styles in order to 

collect the correct data, such as matrixes, drop-down menus, single or multiple choice 

buttons (see Appendix 6 for examples of these question types). However, with the 

evolution of survey software technology, a number of advanced features have emerged 

that enhance survey experience for participants. 
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3.2.1 Available Features  
Many software companies offer a number of features that can be utilized to enhance online 

questionnaires. Some of these features are standard in all software, whereas others may 

only be available in premium products. These features are designed to enhance response 

rates or the general experience by presenting an aesthetically pleasing survey or to add 

company branding, or they may shorten the length of the questionnaire by omitting 

irrelevant sections automatically.  

Flexible Design and Appearance Previous research and feasibility studies from the LRBCS 

demonstrated the significance of an attractive questionnaire, and that images and logos 

may affect how a participant perceives the study. It is thus desirable that survey software 

permits researchers to edit colours, fonts and headings, and additionally insert logos or 

relevant images.  

Conditional Branching This feature permits researchers to alter the course that 

respondents take through a survey, based on their previous responses. This can be 

ŀŎƘƛŜǾŜŘ ōȅ ƛƴǎŜǊǘƛƴƎ ά{ƪƛǇ [ƻƎƛŎέ ǘƻ ǇŀƎŜǎ ƻŦ ŀ ǉǳŜǎǘƛƻƴƴŀƛǊŜΣ ǿƘƛch allows irrelevant 

sections to be automatically omitted. This enhances the survey experience for participants, 

as it can significantly reduce the time taken to complete the questionnaire, and it may 

prevent participants from becoming frustrated or confused by the questionnaire.  

Question and Answer Piping This maximises the control that researchers have over the 

precise wording of questions by automatically integrating a response from a previous 

question in a subsequent follow-up question. This feature can also be used to personalise 

ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ōȅ άǇƛǇƛƴƎέ ŀ ǇŀǊǘƛŎƛǇŀƴǘǎ ƴŀƳŜ ƛƴ ǘƻ ǉǳŜǎǘƛƻƴǎΦ   

Field Validation This is the incorporation of tools that automatically validate responses 

prior to questionnaire submission, which can aid researcher during the analysis of results. 

9ȄŀƳǇƭŜǎ ƻŦ ŦƛŜƭŘ ǾŀƭƛŘŀǘƛƻƴ ƛƴŎƭǳŘŜ ƘŀǾƛƴƎ ŀƴ άϪέ ƛƴ ŀƴ ŜƳŀƛƭ ŀŘŘǊŜǎǎΣ ƻǊ ŜƴǎǳǊƛƴƎ 

responses are in a numerical or typed letter formats. Some software also is able to highlight 

if a question response contradicts a previous answer, or is implausible in any other way.  

Compulsory Fields An extension of field validation is the compulsory field. This forces 

completion of a data field as participants are not able to submit incomplete questionnaires.  

Data Analysis Survey software aids researchers in the analysis of responses to varying 

degrees, however as a minimum survey software should collate responses in to a 

comprehensive database that can be exported for analysis. Some software will offer simple 



Bethan Griffith 
 

64 
 

reports that summarise responses to each question, and others may offer complex 

statistical analysis.  

Security Depending on the purpose of a questionnaire, sensitive demographic or personal 

data may be collected by researchers. Therefore, to uphold confidentiality and protect data 

it is necessary for online survey software to be secured.  A minimum expectation is that the 

survey is secured by Secure Sockets Layer (SSL) encryption and server authentication, which 

ensure that data can only be accessed by authorized people, which in this context is the 

research team.  It is also presumed that the servers that host the survey are secured using 

firewalls and other advanced technologies, and that they are also physically protected.  

3.2.2 Survey Software Testing  
Internet searches using established seaǊŎƘ ŜƴƎƛƴŜǎ ǳǎƛƴƎ ƪŜȅǿƻǊŘǎ ǎǳŎƘ ŀǎ άǎǳǊǾŜȅ 

softwareέ ƻǊ άƻƴƭƛƴŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜέ ǊŜǾŜŀƭs several hundred websites that offer survey 

questionnaire services. It was therefore necessary to appraise the suitability of these 

services for hosting the LRBCS questionnaires the features and services offered by these 

survey software websites, as well as sites that offered online form tools, as these have 

similar functions to survey sites, but may offer more flexibility. 

Features of SSN software were the used as the baseline for comparison of various 

software characteristics, as this software was available without cost to the research team 

with specialised support from the information technology (IT) department at the University 

of Liverpool. A large proportion of alternative survey software including Survey Methods, 

Smart-SurveyTM, Qualtrics®, KwikSurveys, SurveyGizmo®, Microsoft® Access, Wufoo©, 

Formsite©, WordPress.Org Visual Form Builder, EmailMeFormTM, amongst others were 

excluded as they offered no advantages over SSN in terms of sophistication of the 

technology. The features of the remaining software were briefly appraised by a member of 

the research team and a shortlist of four potential services was created; SelectSurvey.NET, 

Google Docs, SurveyMonkey® and Adobe® FormsCentral. Researchers then explored these 

services in greater detail, and attempted to create live versions of the questionnaires using 

each to establish the feasibility of using the programmes in the study. See table 3.1 for the 

summary of results. 
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Table 3.1 Comparison of Survey Software features 
  SelectSurvey.NET Google Docs Adobe® 

FormsCentral 
SurveyMonkey® 

Price (annually) University funded Free £105.39 £299 

Usability Fair Good Excellent Good 

Appearance formatting Colour Templates Unlimited Templates 

Skip Logic - question No No Yes Yes 

Skip Logic ς page Yes No Yes Yes 

Question Piping Yes No No Yes 

Answer Pre-Population No No No Some 

Help text No Yes Yes No 

Logos and images 1 (top of page) No Unlimited 1 (top of page) 

Field Validation Yes No Yes Yes 

Integrated email Limited No No Limited 

Security Encrypted Data cloud SSL encryption SSL Encryption 

Statistical analysis  SPSS export Excel export  SPSS  export SPSS export 

Data Export Yes Yes Yes Yes 

Data Summary Yes Yes Yes Yes 

Progress Bar Yes No Yes Yes 

Telephone/Email 
Support 

Via University No Both Email 

 

 Researchers then contrasted the strengths and limitations of each product. The software 

ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎΩ ƛƴǎǘƛǘǳǘƛƻƴΣ SelectSurvey.NET, by Class Apps 

(http://selectsurvey.net/), was secure and facilitated the creation of basic surveys. 

However, extensive telephone support was required to incorporate advanced features such 

as insertion of a logo and changing the colour schemes. Despite a number of guided 

attempts, researchers were not able to use the piping feature. This feature was highly 

desirable; it permits for an answer to a preceding question can be incorporated in to a 

subsequent question. This feature would allow the name of the child could be used to 

minimise confusion with any other child a mother may have, therefore it was disappointing 

that the research team could not use this function. A variety of question types were 

possible, including check boxes and multiple selection questions, however drop-down 

boxes, which were the types of questions the research team had originally intended for the 

online questionnaire, could not easily be incorporated in to the questionnaire. Researchers 

successfully created a prototype questionnaire that functioned well.  

Google Docs (http://docs.google.com) is a free, web-based service with word-

processing, spreadsheet, presentation and form building and data storage functions offered 

by Google.  Researchers were able to successfully create a complete online version of the 

questionnaire used in the LRBCS in less than an hour. The service offered a number of 

http://selectsurvey.net/
http://docs.google.com/
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templates and colour schemes for the form, however it did not permit the incorporation of 

logos or other customizable features. The questionnaire had a clean, modern feel, and was 

easy to complete. Furthermore, at least two studies have reported success using Google 

Docs as a research tool to conduct medical research.(197, 198) However, the research team 

ultimately decided to exclude Google Docs as a possible research tool due to a number of 

concerns regarding the security of the service, and furthermore, a number of the features 

available on SSN were not possible on Google Docs.(202) 

The LRBCS research team were also able to create a questionnaire using Adobe® 

FormsCentral (AFC) (http://www.acrobat.com/formscentral). This product is a relatively 

new service offered by the software company Adobe®. The software has the benefits of 

having a modern interface and it uses a drag-and-drop editor, whereby a user can easily 

άƎǊŀōέ ŀƴ ƛǘŜƳ ǳǎƛƴƎ ǘƘŜ ŎƻƳǇǳǘŜǊ ƳƻǳǎŜ ŀƴŘ ƳƻǾŜ ǎŜŎǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ Ŝŀǎƛƭȅ ŀŘŘƛƴƎ ƻǊ 

replicating items, which makes the software highly usable and easy to understand. In 

addition to being extremely easy to edit, AFC permitted an unlimited amount of images, 

logos and text, as well as all anticipated question types including checkboxes, radio buttons 

and drop-down boxes, except matrix questions. Similarly to Google Docs, the research team 

were able to create a functioning questionnaire very rapidly, and it is of significance that 

this was the only software that the researchers were able to successfully create a 

questionnaire that resembled the optimal design identified in the PPI session at Liverpool 

WoƳŜƴΩǎ IƻǎǇƛǘŀƭΦ [ƛƪŜ ǘƘŜ ƻǘƘŜǊ ǎƻŦǘǿŀǊŜΣ !C/ ŎƻƭƭŀǘŜŘ ǊŜǎǳƭǘǎ ƛƴ ǘƻ ŀƴ ŜȄǇƻǊǘŀōƭŜ 

spreadsheet, but in addition to this it creates a summary report for rapid summary analysis.  

The final software that the research team used was SurveyMonkey® 

(http://www.surveymonkey.com/), which is arguably the most well-known of all online 

survey software. The software has the ability to collect data from a large number of 

participants, and allowed researchers some freedom in the context of questionnaire design, 

including font size, colour and the insertion of a logo or header at the top of the 

questionnaire at the time of testing (new features to incorporate some images have since 

been added to the software). The software has all the expected functions of survey 

software, including a variety of question types, and additionally has more intelligent 

functions including skip logic on questions and pages. However, the benefits of 

SurveyMonkey® were reflected in its pricing. Furthermore, once a prototype questionnaire 

had been created using the software, its overall appearance and feel did not differ 

significantly from SSN. The research team also experienced difficulty in contacting and 

obtaining response from the support team for the software, which was considered a 

http://www.surveymonkey.com/
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potentially significant problem in a longitudinal study where the function of the 

questionnaire was a fundamental element of the study design.  It was thus decided that any 

benefit of using the SurveyMonkey® software was outweighed by its limitations, and thus it 

was decided that this particular software would not be used for the LRBCS.  

Following the success of the previous PPI work, and considering the 

aforementioned benefits of involving the public in the development stages of medical 

research studies, the research team had planned to conduct a second study using the full 

version of the questionnaire prior to commencing recruitment. The research team felt that 

both AFC and SSN had benefits and limitations in different respects. Despite informal 

opportunistic feedback from colleagues, including senior respiratory physicians, indicating 

that AFC was overall a better software package for both participants and researchers, it was 

still necessary to appraise whether the advantages of this software over SSN were 

significant enough to warrant the costs of purchasing the product. It was also necessary to 

consider whether mothers from the LRBCS demographic considered AFC or SSN to be more 

user-friendly and to be in an acceptable format. 

 A feasibility study was therefore designed to ultimately decide which survey 

software would be used in the LRBCS. In addition to appraising the appearance and 

functionality of AFC and SSN, the second feasibility study also aimed to confirm whether 

mothers were had access to the internet, were willing to complete an online questionnaire, 

and whether they were confident in using the technology.  

3.3 Distribution o f Questionnaires  
During this phase of development, it was also necessary to investigate the precise logistics 

of questionnaire deployment in the context of automated emails. It was necessary to 

investigate whether these would be an extension of survey software, additional software, 

or if it could be achieved using scheduling and mail merging on Microsoft Outlook, which 

the research team could access at no cost through the University of Liverpool. The term 

mail merge refers to the automatic addition of personalised fields, including names or other 

details that are held in a database, to communications such as letters or emails. This 

facilitates the mass distribution of personalised communications without requiring manual 

input.  

The research team anticipated that large volumes of questionnaires would be sent 

on a rolling basis over an extended period of time. It was felt that automated email 

questionnaire invitations and reminders were essential to minimise the potential 

administrative burdens of the birth cohort study as questionnaires were to be administered 

to parents every six months, commencing from the fourth month of ǘƘŜƛǊ ŎƘƛƭŘΩǎ life until 
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age five years. To ensure the success of the LRBCS, the research team required robust and 

reliable system for distributing links to the online questionnaire using electronic mail.  

It was also imperative for software to have the capacity to personalise emails to 

include names and a unique identification code for the questionnaire. The unique 

identification is necessary for the purposes of longitudinal linkage of questionnaire data, 

but personalisation is also beneficial as adopting a personal approach in communications 

can enhance response rates in birth cohort studies (64, 65) .   

None of the survey software options that the research team explored had an 

integrated email system that would be suitable for the LRBCS. Although some of the mailing 

requirements of the study could be met with a simple email merge, this would require date 

calculations for five years of follow up to be entered manually for each participant. The 

study has a maximum recruitment strategy of potentially 8,500 participants per year. A 

manual entry process is not practical and could result in human error leading to surveys 

being sent at incorrect dates. To facilitate the delivery of email, this system would also rely 

upon a ǊŜǎŜŀǊŎƘŜǊΩs personal computer being switched on at the specified date and time, 

which is also highly impractical.  

 An internet search for suitable software was therefore commenced by the research 

team to identify suitable email distribution software. The requirements of the research 

team for software that provided adequate service and security at an acceptable cost proved 

arduous, partially due to the inexperience of the research team. The research team had not 

anticipated these difficulties during the protocol development, thus the study design was 

partially based on a concept in the absence of experience of the types of software available.  

 Despite these difficulties, the research team identified email marketing services as 

potentially being suitable for online questionnaire distribution. These are used by 

businesses to engage customers and distribute marketing material and newsletters. These 

services offer advanced mailing list management, including some of the key features 

required by the LRBCS. Some email marketers offered advanced scheduling of emails, with 

fully automated triggering based on a specified event, such as a date of birth, or as a result 

of the recipients behaviour, such as clicking on a specific link within the email. Other email 

services required Application Programming Interface (API) to incorporate these desired 

custom feature, but this requires some background knowledge of application programming. 

The cost of purchasing this software or services often reflected the amount of input and 

experience required. It was therefore necessary to appraise the features of available 

software, and identify the most appropriate software for the LRBCS team by balancing 
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functionality and usability. There is great variation in the pricing of these services, which 

varies from one-off or monthly fees, or may depend upon the volume of emails sent or the 

number of subscribers. 

Deliverability is another key feature that must be appraised when selecting mailing 

software that delivers large volumes of email messages. Deliverability is the mode of 

measuring the ability of an email marketing service to consistently successfully deliver 

email campaigns to the inboxes of subscribers. Issues with deliverability may arise as a 

result of large volumes of emails sent from one Internet Protocol (IP) address. Emails may 

be prevented from arriving a participants inbox due to their Internet Service Provider (ISP) 

or their own email application (such as Google Mail or Hotmail) misidentifying the email as 

ǳƴǎƻƭƛŎƛǘŜŘ Ƨǳƴƪ ƻǊ ά{ǇŀƳέ ŜƳŀƛƭΦ  

 The features and pricing of a number of products and services were investigated, 

including Qualtrics® , Campaign Monitor, AWeber Communications, Mail Zulu®, 

Boomerang®, MailChimp®, Adestra, Vertical Response, JangoMail, iContact, Benchmark 

Email, Pinpointe, Constant Contact® and Get Response. Due to the anticipated number of 

participants that would be subscribed to these mailing lists, and the volume of messages 

that would be sent to each participant on an annual basis, it became evident that a service 

offering pay-as-you-go (PAYG) options, whereby email credits are purchased as required, 

were the most prudent choice for emailing. Of the remaining options, a number of the 

services did not offer the full range of services, such as autoresponders, were not available 

on PAYG plans. Others had poor reviews in the context of security, usability, customisation 

or deliverabilityΣ ŀƴŘ ŎǳǎǘƻƳŜǊǎ ŎƻƳǇƭŀƛƴŜŘ ƻŦ ŜƳŀƛƭǎ ōŜƛƴƎ ŦƛƭǘŜǊŜŘ ōȅ ŎƭƛŜƴǘǎΩ Ƨǳƴƪ Ƴŀƛƭ 

filters.  

3.3.1 MailChimp ® 
After consideration of the benefits and limitations of the various emailing services available, 

the research team decided that MailChimp® would be the best option for distribution of 

questionnaire links. This service hosts email lists on a secure online server, and offers two-

tiered security at no extra cost. The fully-automated service can schedule emails from the 

information held in its database ς thus allowing for all future mailings to be set up at the 

initial sign up, without the need to calculate dates. A member of the research team can 

easily set up all future emails to be sent at specific intervals from a date held in the 

ŘŀǘŀōŀǎŜΣ ǎǳŎƘ ŀǎ ǘƘŜ ŎƘƛƭŘΩǎ ŘŀǘŜ ƻŦ ōƛǊǘƘΣ ǘƘǳǎ ŜƴǎǳǊƛƴƎ ƛƴǾƛǘŀǘƛƻƴǎ ŦƻǊ ǎǳǊǾŜȅ ŎƻƳǇƭŜǘƛƻƴ 

are deployed at precisely the correct time to the correct participants. 

 The service will also allow the research team to track whether individual 

participants have opened emails, and whether the link to the survey been opened. It also 
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ŜȄǇǊŜǎǎŜǎ ǘƘŜ ƻǾŜǊŀƭƭ άƻǇŜƴ-ǊŀǘŜέ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜΦ ¢ƘŜǎŜ features will allow the team to 

continuously monitor email performance statistics, and recognise poor response rates or 

any increases in drop-out, and will therefore allow them to address these issues promptly.   

 MailChimp® allows recipients to exercise autonomy by removing themselves from 

the email list, which indicates to the research team that a participant would like to remove 

themselves from the study. This addresses the right of the participant to withdraw from the 

study at any time, consistent with the ethical approval obtained. Reports can be sent in 

real-time or on a daily basis to the research team detailing which participants have 

removed themselves from the study, again identifying the research team to identify 

problems promptly. If desired, the technology will allow the research team to ask 

participants to specify why they want to leave the study. Conversely, the software also 

permits participants to self-enrol, by hosting subscription forms, which include a Quick 

Response (QR) code, which is a bar code that can be displayed on posters or other material, 

which can be scanned using a smartphone. When scanned, these codes will display an 

online sign-up form on the telephone screen. These online forms are directly linked to the 

study database, and the technology allows for notifications to be sent directly to the 

research team when details are submitted online. The research team considered the 

incorporation of this QR code could in to the recruitment materials to further aid 

recruitment.  

 MailChimp® allows the research team to create emails using the same branding as 

ǘƘŜ ǎǳǊǾŜȅΣ ǳǎƛƴƎ ǘƘŜ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭ ŀƴŘ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ [ƛǾŜǊǇƻƻƭ ƭƻƎƻǎΣ ǿƘƛŎƘ 

will give the emails a professional branded appearance that hopefully will be recognised 

instantly by participants. There are unlimited merge fields, which allow the research team 

to personally address the email to parents, and contain the name of their child and the 

unique identification number. Replies to these automated emails will be sent directly to the 

ǊŜǎŜŀǊŎƘ ǘŜŀƳǎΩ ŜƳŀƛƭ ƛƴōƻȄ. 

3.4 Development of Recruitment Material  
Recruitment material such as information postcards and posters, are an essential 

component of the LRBCS recruitment strategy. A version of the patient postcard had been 

approved ŘǳǊƛƴƎ ǘƘŜ ǎǘǳŘȅΩǎ ǊŜǾƛŜǿ ōȅ ŀ ǊŜǎŜŀǊŎƘ ŜǘƘƛŎǎ ŎƻƳƳƛǘǘŜŜΣ ƘƻǿŜǾŜǊ ǘƘŜ 

appearance of this postcard was not consistent with that of the questionnaire. It is 

desirable for all materials to be cohesive with the questionnaires and emails in order to 

establish a recognisable and attractive theme for the LRBCS, which parents would associate 

with the study. During the period of development of recruitment material, it was decided 

that the full name of the study, The Liverpool Respiratory Birth Cohort Study, was too long 
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and may be confusing for lay people. It was therefore decided that the study would have a 

second, parent-friendly name in addition to the full name, which would be displayed on 

recruitment material, questionnaires and emails. It was felt that The Liverpool Baby 

Breathing Study accurately described the study in a parent friendly way.  

 The appearance of the recruitment postcard was therefore modified and developed 

to incorporate the theme and second name of the LRBCS. The research team also 

integrated the QR code in to the postcard design, which would provide mothers with an 

alternative option for expressing interest in the study. See Figure 3.1 for the original and 

redesigned versions of the patient information and recruitment postcard. 

The research team also developed an A3 sized recruitment poster to be displayed in 

patient areas that also had a similar appearance and content to the other material. The aim 

of the poster was to increase awareness of the study and to raise the profile of the LRBCS 

amongst staff and patients at LWH. The poster also included a large version of the QR code, 

and step-by-step instructions how to scan the code in order to sign up to the study (Figure 

3.2). The research team are not aware of any previous medical studies that have used QR 

codes to facilitate recruitment, thus the LRBCS may provide some evidence as to whether 

this is a feasible method of recruiting in this particular population.   

  

  



 

  

Original (Version 1) Recruitment Postcard Side 1 

Original (Version 1) Recruitment Postcard Side 2 

Figure 3.1 Original and Redesigned Versions of the Patient Information and Recruitment Postcard 
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Redesigned (Version 2) Recruitment Postcard Side 1 

Redesigned (Version 2) Recruitment Postcard Side 2 

 



Figure 3.2 LRBCS Poster 
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3.5 Feasibility Testing   
Following the initial feasibility study, the research team had successfully developed the 

concept of the LRBCS in to a functioning online questionnaire, a functioning mailing system 

and had also created draft versions of recruitment material. Despite having previously 

ŀǎǎŜǎǎŜŘ ǿƘŜǘƘŜǊ ƳƻǘƘŜǊǎ ŦǊƻƳ ǘƘŜ ǎǘǳŘȅΩǎ ǘŀǊƎŜǘ ŘŜƳƻƎǊŀǇƘƛŎ ǿƻǳƭŘ ōŜ ǿƛƭƭƛƴƎ ǘƻ 

complete an online questionnaire, it was necessary to confirm whether mothers could in 

reality complete the questionnaire, and whether there was any ambiguity in the wording or 

terms used. Furthermore, the research team aimed to identify whether the appearance of 

the questionnaires and other study material was in an attractive and understandable 

format for parents from all backgrounds, and to identify whether the LRBCS questionnaires 

should be hosted by Adobe FormsCentral or Select Survey.NET.  

 The research team developed a short set of questions for the semi-structured 

interview session with new mothers, with the aim of objectively assessing if the LRBCS 

questionnaire was acceptable to mothers, and to determine which survey software would 

be most appropriate for the LRBCS. 

3.5.1 Aims 
The research team aimed to conduct semi-structured interviews with mothers of neonates 

at LWH in a similar method to the initial feasibility study, in order to further assess the 

feasibility of the planned methods of the LRBCS and to determine which survey software 

should be selected for hosting the online questionnaires for the LRBCS.  

3.5.2 Methods 
The second feasibility study was conducted with sixteen new mothers at LWH on the 8th 

and 9th of October 2012. Appropriate patients were selected by senior midwives or ward 

managers, and were subsequently approached by research students for individual 

interviews. Research students briefly explained the background of the LRBCS, and would 

clarify that that mothers were not being approached for participation in the LRBCS. In order 

to minimise bias, the research team alternated the testing order of software; thus, in total 

eight mothers completed AFC first, followed by SSN, and eight mothers were asked to 

complete SSN followed by AFC. After obtaining verbal consent for feasibility study 

participation, and confirming that the mother would be eligible for the LRBCS, participants 

were asked to complete the complete online version of the initial questionnaire hosted by 

both AFC and SSN software using a tablet device. Participants were advised that the 

research team would not be able to help them to complete the questionnaire. Time 

permitting, the research students also aimed to use the opportunity to receive feedback 

about the appearance and content of the recruitment and patient information postcards 
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Before Questionnaire completion  

1. First impression of questionnaire (positive or negative) 

2. Rating of appearance (Scale 1-10) 

3. Readability of the text 

During Questionnaire Completion  

1. Are the instructions clear 

2. Understanding of information, questions and terms 

3. Flow of questions ς is it logical 

4. Any vague or ambiguous questions 

5. Is it repetitive 

6. Any particular like or dislikes in terms of content or appearance 

After Questionnaire completion on first survey software 

1. Was the length of the questionnaire acceptable 

2. Overall rating of appearance of questionnaire (scale 1-10) 

After completion of questionnaire on both survey software 

1. Overall preference 

2. Question preference ς Matrix tables or drop-down boxes 

3. Any additional comment 

After reviewing recruitment material (time permitting) 

1. General impression of recruitment material 

2. Is the information clear and readable 

3. QR codes: do they recognise them, know how to use them, and do 

they use them 

4. Any other factors that would affect their likelihood to complete the 

questionnaire 

 

and posters. Mothers were asked the pre-determined questions (Figure 3.3) objectively 

without the use of emotive terms that may introduce bias. There was no limit to the 

amount of time available to the subject to complete the online questionnaires or respond 

to the researchers questions and give a response. To avoid bias in data collection, 

responses to questions were recorded separately by both researchers. The research team 

alternated whether the AFC or SSN questionnaire was completed first with each 

participant. At the end of the interview, the research team summarised responses with 

participants, and the researchers also discussed responses after vacating the patient room 

to ensure there were no discrepancies in the interpretation of results.  

Figure 3.3 Questions used in the semi-structured interview of the second feasibility study 
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3.5.3 Results 
The research team successfully completed interviews with sixteen new mothers that met 

the exclusion and inclusion criteria of the LRBCS. A further four interviews were 

commenced but were abandoned as mothers were unwilling to complete the second 

questionnaire, thus the data is not usable as mothers would not be able to contrast AFC 

and SSN. Due to time constraints, it was only possible to demonstrate the recruitment 

material to 12 out of the 16 mothers. All mothers that were approached were happy and 

competent to complete and online version of the questionnaire.  

Before completing the questionnaire  

The results from the 16 mothers that successfully completed both questionnaires and the 

semi-structured interview, demonstrated that AFC, on average, scored better for first 

impressions. Many mothers attributed to the manner in which text was formatted, as well 

as the colour and images. Both AFC and SSN were considered easy to understand, however, 

despite being identical, participants indicated that the information on AFC was easier to 

read as it appeared to be more concise. 

During Questionnaire Completion 

All participants were computer-literate and completed the questionnaire with minimal 

difficulties. The main difficulty was based more upon the multimedia device that was used 

to distribute the questionnaires, as many mothers had not previously used a tablet device. 

Participants felt the instruction were clear, however some parents did feel that some 

questions were repetitive and that it was difficult to distinguish the difference between 

some questions in the LRSQ portion of the questionnaire.  

 There were no other significant concerns in comprehending questions, and there 

were no specific concerns with the terminology used in the questionnaire. Many 

participants responded positively to help 

buttons, which were used for further 

clarification of questions. Some of the 

mothers that he research team interviewed 

indicated that there was some ambiguity with 

regards to the wording of some questions. 

¢ƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǊŜŦŜǊǎ ǘƻ ά¸ƻǳǊ ŎƘƛƭŘέΣ 

however four mothers expressed that they 

became confused to which child the 

questionnaire was referring. 

50%

44%

6% Dropdown
questions

Matrix
questions

No
preference

 Figure 3.4 Question Style Preference 
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 When the presentation and format of the LRSQ Likert scale questions were 

discussed with mothers, the group were divided as to whether Matrix-type scales or drop-

down menus were preferred (Figure 3.4). It was noteworthy that many of the mothers that 

preferred matrix questions upon further discussion with mothers often did so as they were 

slightly quicker to complete than drop-down menus. However, during the observation of 

completion of these questions, researchers were concerned that mothers were completing 

the matrix without reading the question fully.  

After Questionnaire Completion 

Participants opinion of AFC were also higher than SSN following the completion of the 

questionnaire. When discussing the time taken to complete the questionnaire, 14 of the 16 

mothers were two of the sixteen mothers felt that the length of survey was unacceptable 

After Completion of Questionnaire on both AFC and SSN 

Of these mothers interviewed, 10 indicated a preference towards AFC software, and six 

indicated that they preferred survey completion using SSN. Of the mothers that had 

selected AFC, 90% attributed their preference to the perceived shorter duration of the 

questionnaire. This may be attributed to AFC having more advanced conditional branching 

functions, which automatically omits irrelevant questions based upon earlier responses.   

After reviewing recruitment materials   

Due to time constraints and fatigue, it was not possible or appropriate to discuss the 

recruitment material with all participants. However, of the twelve that did see the poster 

and postcard, all reacted positively, and no mothers had specific negative feedback relating 

to any component of the design and appearance of the poster or postcard.  The cohesive 

theme of all materials was also acknowledged and appreciated by mothers. Of these 12 

mothers, eight recognized QR codes and knew how to use them. However, there were no 

mothers who indicated that they regularly use QR codes, and there were no mothers who 

expressed that they would use a QR code to sign up to a study.   

3.5.4 Discussion 
All the mothers who were interviewed by the research students reacted positively to the 

concept of the study, and like the initial feasibility study, some expressed disappointment 

that they could not take part in the LRBCS. It is reassuring that all mothers were competent 

in using the technology, and the prospect of conducting a birth cohort study primarily using 

online resources for data collection remains a feasible option in the Liverpool population. 

The results from this feasibility study indicate that mothers may prefer completion 

of the LRBCS questionnaires using AFC. This highlights the benefits of this software, as it 
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permitted researchers to create a survey that appeared very similar to the proposed design 

from the original PPI session at LWH in July 2012.  The software scored better in feasibility 

testing, and mothers reported that this software had superior functionality and took less 

time to complete in comparison to SSN. The content of both questionnaires was identical, 

thus it is reasonable to conclude that it is the superior technology and customizable 

appearance of AFC that appeals to mothers. These results indicate that AFC would be a 

reasonable selection for the research team to host the LRBCS questionnaire.  

 In addition to aiding the research team to reach a decision about software, this 

small study also highlighted issues that had not previously been considered, which could be 

addressed prior to the commencement of recruitment. Some of these issues, particularly 

ǘƘŜ ŀƳōƛƎǳƛǘȅ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǘŜǊƳ άȅƻǳǊ ŎƘƛƭŘέ Ŏŀƴ Ŝŀǎƛƭȅ ōŜ ǊŜŎǘƛŦƛŜŘ ōȅ ǎƭƛƎƘǘƭȅ ŀƭǘŜǊƛƴƎ 

the wording of the questionnaires. The research team will slightly alter this term by using 

άȅƻǳǊ ƴŜǿ ōŀōȅέΣ άȅƻǳǊ ōŀōȅέΣ άȅƻǳǊ ǘƻŘŘƭŜǊέ ŀƴŘ άȅƻǳǊ ŎƘƛƭŘέ ƛƴ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǘƘŀǘ 

correspond to these age groups, which the research term hope will provide sufficient 

clarification. After careful consideration of feedback and their own observations, the 

research team concluded that drop-down boxes, as opposed to the matrix style questions 

would be the most appropriate format for questions, and these may ultimately improve the 

quality of data.(203) 

 Despite this small feasibility study being informative and providing guidance to the 

research team, it does have a number of limitations. The most considerable of these 

limitations is the context and setting in which the questionnaires were completed. Parents 

will not be supervised during completion of the questionnaires, and the questionnaires in 

the LRBCS will be completed when a child is four months old as opposed to during the 

neonatal period.  The researchers received minimal negative feedback, which may be 

attributed to the semi-structured interviews being held face-to-face, thus some parents 

may feel uncomfortable giving criticism. This is a potential bias in the results of the 

feasibility study. A further possible source of bias in the results is the relatively small sample 

size, which may not be representative of the demographics Liverpool population. 

Researchers must also consider selection bias, as mothers were selected based on 

likelihood to comply, as opposed to randomly, by midwives. Self-selection bias, whereby 

only certain types of persons are willing to participate in research, must also be considered 

Although the research team will consider the limitations of these sessions, they 

remain useful and aided the LRBCS research team to tailor all elements of the study to 

appeal to mothers. The information is also useful as it confirms to an extent that mothers 
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are willing to complete online questionnaires about their children, and that the 

questionnaire used in the LRBCS is easy to comprehend.    

 

3.6 Preparation for Recruitment  

3.6.1 Request for Support  
The commencement of recruitment would signify the LRBCS reaching its third phase. Prior 

to this transition, it was necessary for the research team to finalise and organise the 

printing of recruitment materials, in addition to building all ten questionnaires that would 

be used in the LRBCS, and additionally scheduling email invitations and reminders for 

mothers. In order to implement these tasks, the research team needed to secure funding 

for these various materials. This was not possible prior to this stage, as the costing could 

not be calculated before determining the survey software.   

 To apply for funding, the research team created a Request for Support document 

that briefly outlined the rationale, objectives and methods of the LRBCS, and explained the 

necessity of appropriate software for survey distribution and hosting, as well as recruitment 

material (see appendix 7 for full version of request for support document). The anticipated 

start-up cost for the LRBCS was predicted to be ϻпусΦффΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǘƘŜ ƛƴƛǘƛŀƭ ȅŜŀǊΩǎ 

subscription to Adobe® FormsCentral, the 10,000 postcards needed for a minimum of 1 

year of recruitment and 25,000 email credits. The total cost calculated for 6 years, which 

includes a 6 year subscription to Adobe® FormsCentral, the 10,000 postcards needed and 

25, 000 email credits was £1013.96. Conducting the study online ensures the costs of the 

LRBCS were minimal in comparison to other cohort studies. The research team were not 

able to estimate the cost of postal questionnaires in this request for support as it was 

impossible to estimate at this time the proportion of mothers that would opt to receive 

questionnaires by post. 

 The finance committee of the Institute of Translational Medicine at the University 

of Liverpool agreed to purchase the necessary study materials. However, shortly afterwards 

the LRBCS received a charitable donation from The Friends and Family of Isabella, a patient 

ŀǘ !ƭŘŜǊ IŜȅ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ Ƴŀƴȅ ƻŦ ǿƘƻƳ ǿƻǊƪ ŦƻǊ ǘƘŜ bƻǊǘƘ ²Ŝǎǘ !ƳōǳƭŀƴŎŜ ¢ǊǳǎǘΦ  

3.6.2 Preparation of Questionnaire s 

Online Questionnaires 

After securing funding for the study, both online and postal versions of LRBCS 

questionnaires were created using Adobe® FormsCentral. The research team created 10 

online forms, each representing one of the Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ǇƻƛƴǘǎΣ ǿƘŜǊŜ άCƻǊƳ мέ 
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ŎƻǊǊŜǎǇƻƴŘŜŘ ǘƻ ǘƘŜ ƛƴƛǘƛŀƭ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ŀǘ ŦƻǳǊ ƳƻƴǘƘǎΣ άCƻǊƳ нέ ǘƘŜ ŦƛǊǎǘ Ŧollow up 

ǉǳŜǎǘƛƻƴƴŀƛǊŜ ŀǘ мл ƳƻƴǘƘǎ ƻŦ ŀƎŜΣ ǳǇ ǘƻ άCƻǊƳ млέ ǿƘƛŎƘ ǿƻǳƭŘ ōŜ ǘƘŜ Ŧƛƴŀƭ ǉǳŜǎǘƛƻƴƴŀƛǊŜΣ 

sent when the child reached 60 months of age. Each questionnaire was scrutinized by 

members of the research team and final amendments were made.  

Paper Questionnaires 

Online questionnaires were reformatted and converted in to printable documents that 

could be sent by post alongside a covering letter that contained similar information to the 

invitation emails. A postal consent form was also created in accordance with the guidelines 

set by the Research Ethic Committee during the application for ethical approval (see 

Appendix 8 for postal covering letter and consent form).   

3.6.3 Preparation and Scheduling of Emails  
The research team purchased sufficient email credits for the duration of the study, as 

purchasing in bulk from MailChimp lowers the price per email. This accounts for a generous 

response rate of 20% (the predicted response rate for the study is 10%) and an attrition of 

0% through the whole study. In the event of more emails being required, these can be 

purchased at a later date. The research team will re-appraise this number at the end of 

recruitment, when the total maximum number of emails can be calculated. Purchasing a 

sufficient amount of credits for the first year would not be economical. 

 Emails were designed using the same theme as the questionnaires and recruitment 

materials (see Appendix 9). Researchers proceeded to schedule all invitation emails for the 

study (Figure 3.5). Each invitation would address the mother personally, and invite her to 

complete a questionnaire about their named child who was enrolled in the study. Invitation 

emails also contain the Unique Identification code that was required to complete the 

questionnaire, and a link to ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ŎƘƛƭŘΩǎ ŀƎŜ. All these 

emails would be automatically sent based on details held by the LRBCS research team in a 

secured online database. 

Reminder emails have been demonstrated to increase response rates in previous 

studies, both online and offline. The technology used in the LRBCS permits researchers to 

schedule up to three reminder questionnaire invitations, which are to be deployed at 

weekly intervals if a mother has not opened the invitation email, or not clicked on the link 

to the questionnaire. Birthday emails were also scheduled as previous birth cohort studies 

have demonstrated that personalised birthday communications are useful in maintaining 

relationships with cohort members. Birthday emails will also provide a link to an online 

form where parents can update contact details or sign up to the study newsletter. The 
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study newsletter will not be scheduled. One newsletter will be deployed quarterly to 

participants that have expressed interest in receiving the newsletter.  

.  

Figure 3.5 LRBCS Email Schedule from Birth to Age Five Years 
 

1. Immediately after sign up: Welcome/ Thank you for your interest email ς sent 
immediately after they sign up online, or as soon as we receive their details ς will 
tell them we will be in touch when baby is 4 months old. 

2. 4 Months: Email link to form 1 that contains: consent, further information, 
demographics, exposures, LRSQ. Also allow them to subscribe to updates from 
study. 

3. 10 Months: Email link to form 2 that contains: exposures + LRSQ ς check no 
changes to details at end. Also allow them to subscribe to updates from study. 

4. 12 Months: Happy 1st Birthday email ς congratulate. Check that details have not 
changed, tell them we will be in touch with another questionnaire in 4 months 
time. Also allow them to subscribe to updates from study. 

5. 16 Months: Email link to form 3 that contains exposures + LRSQ ς check no changes 
to details at end. Also allow them to subscribe to updates from study. 

6. 22 Months: Email link to form 4 that contains exposures + LRSQ ς check no changes 
to details at end. Also allow them to subscribe to updates from study. 

7. 24 Months: Happy 2nd Birthday email ς congratulate. Check that details have not 
changed, tell them we will be in touch with another questionnaire in 4 months 
time. Also allow them to subscribe to updates from study. 

8. 28 Months: Email link to form 5 that contains exposures + LRSQ ς check no changes 
to details at end. Also allow them to subscribe to updates from study. 

9. 34 Months: Email link to form 6 that contains exposures + LRSQ ς check no changes 
to details at end. Also allow them to subscribe to updates from study. 

10. 36 Months: Happy 3rd Birthday email ς congratulate. Check that details have not 
changed, tell them we will be in touch with another questionnaire in 4 months 
time. Also allow them to subscribe to updates from study. 

11. 40 Months: Email link to form 7 that contains exposures + LRSQ ς check no changes 
to details at end. Also allow them to subscribe to updates from study. 

12. 46 Months: Email link to form 8 that contains exposures + LRSQ ς check no changes 
to details at end. Also allow them to subscribe to updates from study. 

13. 48 Months: Happy 4th Birthday email ς congratulate. Check that details have not 
changed, tell them we will be in touch with another questionnaire in 4 months 
time. Also allow them to subscribe to updates from study. 

14. 52 Months: Email link to form 9 that contains exposures + LRSQ ς check no changes 
to details at end. Also allow them to subscribe to updates from study. 

15. 58 Months: Email link to form 10 that contains exposures + LRSQ ς check no 
changes to details at end. Also allow them to subscribe to updates from study. 

16. 60 Months: Happy 5th birthday email ς congratulate. Thank them for participation 
and clarify that there will be no more questionnaires. Ask if they would still like to 
receive updates for the study. 

 
 

 

  



Bethan Griffith 
 

83 
 

.   

3.6.4 Printing of Recruitment Material  
After a number of minor amendments to the design and content of the recruitment 

postcard, it was necessary to print these recruitment materials commercially. After 

receiving quotes and samples from a number of local, national and international printing 

firms, the research team decided that postcards should be printed on paper that had 300 

grams per square meter (gsm) card with a silk finish. Ordering postcards in bulk was most 

cost effective, thus the research team purchased 10,000 postcards. This number of 

postcard would be more than sufficient to provide a postcard to each of the 8,000 mothers 

who give birth at LWH for the planned recruitment of a minimum of 1 year. Postcards were 

purchased from Saxoprint, a German company, as they offered the most competitive price 

for the volume of postcards required for one year of recruitment.   

3.6.5 Meeting with Senior Midwives  
The final preparation prior to commencement of recruitment was the meeting with senior 

midwives and managers of wards that would be facilitating recruitment at LWH. During this 

meeting two research students and a senior investigator met with staff and discussed the 

LRBCS. The research team briefly outlined the rationale and objectives of the study, and 

explained the recruitment process in detail. Midwives were supportive and indicated that 

they were willing for postnatal patients to be recruited to the study on their wards, and 

were also willing to offer feedback on recruitment material, and confirmed that they would 

be happy to display posters in patient areas. During the meeting, it was decided that the 

research team would also create information handbooks for staff on participating wards 

that could be displayed in the staff room to further raise the profile of the study. These 

packs would contain a letter addressed to ward staff that briefly outlined the study, as well 

as examples of recruitment material, a brief overview of the study methods and a full 

version of the study protocol (see appendix 10 for LRBCS midwives document). 

3.7 Conclusions 
Over a period of three months, the research team were successfully able to transition the 

LRBCS from a concept to a physical study. Researchers had successfully selected reliable 

survey and email software that would automatically distribute questionnaires to 

participants for the duration of the study, with minimal input from the research team. A 

feasibility study had indicated that the proposed methods of the LRBCS were appropriate, 

and funding for the study had also been secured, which permitted researchers to purchase 

all the necessary materials in preparation for the launch of the study.  
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Chapter 4 

Recruitment  of infants to the L RBCS 

4.1 Introduction  
There are a number of different approaches to recruiting participants to population-based 

birth cohort studies such as the LRBCS. Decisions about the precise strategies for 

recruitment are usually undertaken with consideration of the availability of staff and 

resources, the required sample size, or the representation of various demographics of the 

target population. Large, government funded studies often have specific persons, such as 

research nurses, that are employed to facilitate recruitment. These studies, such as ALSPAC 

and Born in Bradford, often report the most impressive recruitment statistics, with upwards 

of 70% and 80% of eligible participants being enrolled in the studies respectively.(64, 66) 

Other studies have recruited using routine data held in health authority databases, or 

opportunistically recruited mothers during routine antenatal clinical appointments.(6, 58-60) 

Other studies that aim to identify inequalities within populations have recruited with bias 

towards certain population groups.(100)  One birth cohort study has previously used the 

internet to facilitate recruitment.(178) The timing of recruitment also varies between studies, 

with some potential participants being approached for recruitment during antenatal 

hospital visits as early as nine weeks gestation, whereas other birth cohort studies recruited 

participants during the neonatal period, and others at age one year.(6, 64, 204) 

 The original study protocol for the LRBCS proposed that recruitment for the study 

would be incorporated in to standard clinical practice at LWH, with recruitment postcards 

being distributed to all new mothers by midwives or paediatricians, and collected prior to 

discharge from the hospital. However, after further consideration, the research team 

decided that this may not be a feasible method of enrolment to the study, as it would solely 

depend upon the cooperation of staff that are not otherwise involved or affiliated with the 

LRBCS.  Due to the existing workloads of midwives and the high turnover of patients at this 

large maternity unit, it was decided that recruitment of participants to the LRBCS should 

therefore be primarily facilitated by the Master of Philosophy (MPhil) students.  

 Recruitment to the study involves a two-step process      Figure 4.1 LRBCS 

Recruitment Methods). Mothers will initially complete the recruitment postcard shortly 

after the birth of their child (Step 1 of consent). This denotes that the mother is interested 

in participating in the study, and is willing to be contacted by the research team when their 

child reaches four months old. Complete enrolment in the study occurs when the child 

reaches four months of age, at the time of the initial questionnaire. Paper consent forms 
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and information sheets are sent with the initial questionnaire to postal participants. The 

consent process differs slightly for mothers receiving online questionnaire. The first two 

screens contain the same information as the information sheet. After reading this 

information, mothers are asked to tick a box to indicate whether they wish to take part in 

the study. If they agree to take part, mothers are asked to enter their initials in to an on-

screen box to indicate consent for their child to be included in the study. If she indicates 

that she is no longer interested in participating in the LRBCS, her details will be removed 

from the email software and she will receive no further communication from the research 

team. Once the research team has received this completed consent form, a participant is 

considered recruited and fully enrolled in the study (Step 2 of consent). 

4.2 Piloting Recruitment  
In order to determine whether the proposed recruitment methods for the LRBCS were 

feasible, the research team decided that it was necessary to conduct a four week 

recruitment pilot at LWH. During this period, researchers aimed to identify the best times 

of the day to approach patients, with consideration to other ward activities such as ward 

rounds, meal times and visiting times. As recruitment would primarily be conducted by one 

research student, the research team also wanted to appraise the number of days per week 

required in order to meet with a sufficient number of mothers to yield an acceptable 

number of participants for the study. This four week pilot period would also be used to 

identify and overcome any other unforeseen circumstances that may hinder recruitment.  

This pilot period included three preparatory days, where research students 

discussed the study with staff on the postnatal wards, distributed and displayed various 

study materials and started speaking to new mothers about being involved in the study. As 

the research students had no prior experience of recruiting to a study, during this 

preparatory period students aimed to establish the best approaches to recruiting new 

mothers to the study, how much information to provide and the amount of team needed to 

spend with each patient to provide an appropriate amount of information without 

bombarding or confusing new mothers. 

 When planning recruitment, it was also necessary for research students to consider 

other daily ward activities, such as discharges, ward rounds, and family visiting times. The 

research students established that LWH operated a strict protected meal time policy, 

whereby patients could not be approached during the hours of 7.30-8.30am, 12-1pm and 5-

6pm. Furthermore, patient visiting times at the hospital were between 2.30-4pm and 6-

8pm daily, thus it was inappropriate to recruit some mothers during these times.   



     Figure 4.1 LRBCS Recruitment Methods  



4.2.1 Aims  
The aims of the pilot period of recruitment is to establish the most effective method of 

recruiting to the Liverpool Respiratory Birth Cohort Study in terms of time and the number 

of patients recruited to the study.  

4.2.2 Methods  
The four day preparation period for recruitment for the Liverpool Respiratory Birth Cohort 

Study commenced on January 23rd 2013. Following these preparation days, a four week 

pilot of recruitment commenced on Monday January 28th 2013. The research team had 

agreed upon a four week strategy for the pilot, with each week representing a different 

recruitment pattern (Table 4.1). 

4.2.2.1 Postnatal Wards 

During the times indicated in Table 4.1, a research student would endeavour to see all 

previously unseen postnatal patients at the hospital. During the previous feasibility studies, 

the research students had noted that patients would often see midwives between 8.30-

9.30am, and many others were asleep, thus it was decided that it would not be appropriate 

to commence recruitment prior to 9.30am. Each day would commence with the research 

student attending postnatal wards (Matbase ward, Jeffcoate Ward and the Midwife Lead 

Unit), and obtaining lists of all patients from Ward Clerks, and then identifying all newly 

delivered mothers. Wherever possible, the research student would identify which patients 

met all LRBCS eligibility criteria, and removed these patients from the list. Patients living 

outside of the study catchment area of postcodes L1-L38 were identified by the addresses 

recorded in their hospital notes. Mothers who could not speak English were identified 

when it had been written in their notes that they required an interpreter.  

After removing ineligible mothers from the list, the research student would then 

proceed speak to the Midwife that was managing the ward, and confirm whether it was 

appropriate to speak to all of the remaining mothers on the list. This was an essential step 

in maintaining excellent relationships with ward staff. This was also the only way to identify 

mothers of children that were going to be taken in to the care of local authorities, those 

Week Week Commencing Strategy Times 

1 28/1/13 5 Full days (Monday-Friday) 9.30-4.30 

2 4/2/13 5 Mornings (Monday-Saturday) 9.30-12 

3 11/2/13 4 Alternate Full Days (Monday-Sunday) 9.30-4.30 

4 18/2/13 7 Full  days (Monday-Sunday) 9.30-4.30 

Table 4.1 Plan for LRBCS Recruitment Pilot 
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patients who had suffered from a neonatal loss or stillbirth, or those that were upset or not 

suitable to be approached for any other reason.   

 After finalising the list, the research student would commence recruitment. 

Wherever possible, the research student would endeavour to see every eligible mother 

each day, up until the time specific in the planned recruitment strategy.  The research 

student would approach mothers on an individual basis, and clarify their role. If the mother 

was happy to proceed, the research student provided a brief explanation of the study, 

including the nature and purpose for the study, as well as the rationale for a longitudinal 

study of preschool children in Liverpool. The research student would then explain that the 

study involves a questionnaire sent twice a year by email or by post, commencing when 

their child reached age four months and continuing until their child was five years old. It 

was stated that there would be no direct benefits for mothers or their children for 

participating in the LRBCS, but that the study could benefit future generations of children in 

Liverpool. The research student would then address any questions that the mother may 

have. If the mother then indicated that she would be interested in participating in the 

study, the research student would provide a recruitment postcard which the mother could 

complete in order to register her interest in the study with the research team. If the mother 

was unsure or declined, the research student would thank her for her time, and offer to 

ƭŜŀǾŜ ŀ ǊŜŎǊǳƛǘƳŜƴǘ ǇƻǎǘŎŀǊŘ ǿƛǘƘ ƘŜǊΣ ǿƘƛŎƘ ǎƘŜ ŎƻǳƭŘ ŎƻƳǇƭŜǘŜ ŀƴŘ Ǉƻǎǘ ƛƴ ǘƘŜ ǿŀǊŘΩǎ 

collection box if she later changed her mind. Following completion of the recruitment 

postcard, the research student would thank the mother for her time, and inform her that 

she would receive an email in approximately 1 week to confirm that the research team had 

received her details. She was also informed that she would then receive subsequent 

communication when her child reached age 4 months, which would invite her to consent 

and fully participate in the study.  

4.2.2.2 Neonatal Unit  

Parents of eligible infants that had been admitted to the Neonatal unit were also invited to 

participate in the study. Children admitted to the Neonatal unit may be receiving therapy 

for one or a number of reasons, including prematurity, low birth weight, infections or other 

prenatal or perinatal complications. It was therefore necessary for the research student to 

consider these factors when approaching the mothers of unwell children during their 

ǊƻǳǘƛƴŜ ǎǘŀȅ ŀǘ ƻƴŜ ƻŦ [²IΩǎ Ǉƻǎǘƴŀǘŀƭ ǿŀǊŘǎ, and confirm with the midwives overseeing 

ǘƘŜǎŜ ƳƻǘƘŜǊǎΩ ŎŀǊŜ ǘƘŀǘ ƛǘ ǿƻǳƭŘ ōŜ ŀǇǇǊƻǇǊƛŀǘŜ ǘƻ ŀǇǇǊƻŀŎƘ ǘƘŜǎŜ ǿƻƳŜƴΦ 
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Mothers that had not been seen by a member of the research team, or had 

previously declined to participate, were given a further opportunity to participate prior to 

ǘƘŜƛǊ ŎƘƛƭŘΩǎ ŘƛǎŎƘŀǊƎŜ ŦǊƻƳ ǘƘŜ ƴŜƻƴŀǘŀƭ ǳƴƛǘ. Nursing staff would provide recruitment 

postcards to the mothers of all eligible children. If a mother now wished to register her 

interest in the study, she could complete the postcard and hand it back to a staff member 

who would deposit the postcard in the collection box situated on the ward.    

4.2.2.3 Cystic Fibrosis 

In addition to the core recruitment strategy of the study, parents of children diagnosed 

with cystic fibrosis (CF) as a result of the NHS national newborn screening programme were 

invited to participate during an initial consultation with a respiratory physician. However, to 

be accepted in to the study, it was necessary for these children to meet the recruitment 

criteria, and to be recruited prior to the deployment of the initial questionnaire at four 

months of age. Therefore, these children had to be domiciled within eligible postcodes and 

born at Liverpool WomenΩǎ IƻǎǇƛǘŀƭ, and be the offspring of English-speaking parents.   

4.2.3 Results 
A total of 334 mothers ƻƴ Ǉƻǎǘƴŀǘŀƭ ǿŀǊŘǎ ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭ expressed 

interest in participating in the LRBCS during the four week pilot period. All of these mothers 

were personally recruited by the research student, and there were no expression of 

interest cards deposited in the collection boxes on the postnatal wards. However, there 

were three expression of interest cards that had been completed by mothers of children on 

the neonatal unit. All expressions of interest that were received by the research team 

during the pilot recruitment period were as the result of a mother completing the physical 

postcard; no parents expressed interest by completing the online form accessible by the QR 

code. In addition to these 337 mothers, a further 34 mothers that had expressed interest 

during the three preparation days prior to the pilot, and two mothers of infants with cystic 

fibrosis had also provided contact details to the research team. At the end of the pilot 

period, the research team had contact details of 371 mothers who were interested in 

participating in the study. 

 There was a total of слр ƛƴŦŀƴǘǎ ōƻǊƴ ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭ ŘǳǊƛƴƎ ǘƘŜ ŦƻǳǊ 

week pilot period. Of these, 537 were born to mothers living in eligible postcodes for 

participation in the LRBCS. However, only 418 of these eligible mothers were available to be 

seen whilst the research student was present on the wards. There were approximately 24 

births to mothers that were unable to speak sufficient English to consent to participation in 

the study, and midwives requested that four mothers were not seen by the research 
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student for a number of social or personal issues. Therefore, the research student met 355 

eligible mothers during the pilot period, and successfully obtained expressions of interest 

from 334 of these (see Figure 4.2 and Table 4.2). The average recruitment rate for the four 

week period was approximately 65% of eligible births [95% CI, range = 60.87% to 69.13%] 

 

Week 1 ɀ 5 Full days of recruitment 

The first week of piloting recruitment involved five full working days of recruitment at 

[ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭΦ A total of 142 children were born at the hospital during this 

week; 104 during the 5 days that the research student was recruiting, and a further 38 

during the weekend. Of these 142 children, 121 were domiciled within eligible postcodes. 

The research student was able to see 77 eligible mothers, nine of which declined and a 

further three mothers could not speak sufficient English to consent to participate in the 

study. The research team was able to recruit 68 eligible mothers to the study during the 

Figure 4.2 Recruitment Flow Chart

 
 



Bethan Griffith 
 

91 
 

first week of recruitment, thus the recruitment rate of eligible infants for 5 full working 

days of recruitment was 68 out of 118, or 58% [95% CI, range 49.09% to 66.91%].  

Week 2- 6 Mornings of Recruitment 

During the second week of the recruitment pilot, the research student would only recruit 

mothers during the morning. Recruitment for the day would thus stop when patients 

received their lunch time meals at 12pm, irrespective of whether the research student had 

seen all the postnatal women. During the second week, 144 of the 166 births at the hospital 

were to mothers living in postcodes that were eligible for the LRBCS. Six mothers from 

eligible postcodes were not able to speak English, and it was not appropriate to speak to 

one mother as her child was under the care of the local authorities. The research student 

met with 94 of the 137 suitable mothers during the six mornings of recruitment, 89 of 

whom expressed interest in participating, thus the recruitment rate was 65% [95% CI, range 

57.01% to 72.99%] 

Week 3 ɀ Alternate Days 

The third week of the recruitment pilot consisted of the research student attending the 

hospital on four alternate days of the week, and completing a full day of recruitment. There 

were 144 births, 12 of which from outside the LRBCS catchment and eight were children of 

non-English speaking mothers. The research team was able to speak to 81 mothers over the 

four days, five of which did not wish to participate in the study. The research student was 

able to see some of the mothers that had delivered the previous day, thus the recruitment 

rate for the third week was therefore 61% [95% CI, range 52.42% to 69.58%] 

Week 4- 7 Full Days 

The fourth week of the recruitment pilot was the most rigorous. During the final week, the 

research student was present on post natal ward from 9.30-4.30pm on seven consecutive 

days. During week four, there were 153 births at the hospital, 140 of which were to 

mothers living within eligible postcodes. A further six mothers were not eligible for 

participation due to language, and the mothers of three infants were not approached for 

participation due to ongoing social difficulties. The research student successfully met with 

103 of the 131 eligible mothers, and 101 of which expressed interest in participating. 

Therefore, the recruitment rate for the fourth week of piloting recruitment was 78% [95% 

CI, range 70.91% to 85.09%]. 
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Figure 4.3 Breakdown of births during the 
LRBCS recruitment pilot period
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     Table 4.2 Weekly Summaries of Recruitment Data 
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4.2.4 Discussion 
The LRBCS research team obtained expressions of interest from the mothers of 334 eligible 

ƛƴŦŀƴǘǎ ōƻǊƴ ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛtal during the recruitment period. Of all the 605 

births that occurred at the hospital during the four week pilot, 16% (n=96) were not 

eligible, 4% (n=21) declined to participate, and 55% (n=334) expressed interest in the study 

(Figure 4.3). Therefore, the research team were not able to approach 25% (n=154) of 

eligible births occurring at Liverpool ²ƻƳŜƴΩs Hospital. By the end of these four weeks, the 

cumulative total of expressions of interest in the study was 371 (see Figure 4.4). The 

research team were able to approach almost 70% of mothers that were eligible for 

participation in the LRBCS.  Of the eligible mothers that were approached by the research 

team, approximately 93% [95% CI, range 90.35% to 95.65%] completed and returned 

expression of interest postcards. 

 From this data, it is reasonable to infer 

that the concept of the Liverpool Respiratory 

Birth Cohort Study is attractive to patents, as a 

large proportion of eligible mothers who were 

approached for participation expressed 

interest in the study. The results from the 

recruitment pilot demonstrate that the 

greatest obstacle to affect recruitment to the 

study will be accessing mothers. Even when 

employing a maximum recruitment strategy 

(Week 4), the research team were not able to 

approach 22% [95% CI, range 14.91% to 29.09%] of eligible mothers, and during the whole 
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pilot, over a quarter of all eligible mothers were missed (Figure 4.5). This may be attributed 

to a number of contributing factors, including night-time births, the short discharge times 

associated with uncomplicated births at the hospital. Additionally, researchers were not 

permitted to speak to some mothers, and the presence of visitors also limits recruitment 

during the afternoons. 

In addition to setting the baselines which the research team could use to forecast 

recruitment, data from the recruitment pilot also permitted researchers to appraise the 

various recruitment strategies that were trialled. As anticipated, the most successful 

strategy was the fourth week, during which a research student was present on the ward for 

seven consecutive full days. During this week, the research student was able to recruit 78% 

(n=101) of all eligible births, which, despite being a considerably higher figure than previous 

weeks, there was overlap in the confidence intervals for this week and week 2 (6 mornings). 

Therefore, despite some variation in the recruitment rates for the four weeks of 

recruitment, due to the overlap in confidence intervals, it is difficult to determine whether 

ŀƴȅ ƻƴŜ ǿŜŜƪΩǎ ǎǘǊŀǘŜƎȅ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǘƘŀƴ ƻǘƘŜǊǎ όǎŜŜ ŦƛƎǳǊŜ пΦсύΦ 

Furthermore, in addition to ŀǇǇǊŀƛǎƛƴƎ ǘƘŜ άōŜǎǘ ǎǘǊŀǘŜƎȅέΣ ƛǘ ƛǎ necessary to consider the 

feasibility of continuing each of the four strategies beyond the pilot phase, as recruitment 

could only be facilitated by one research student, who would also require time to carry out 

other administrative duties. Thus, it was decided by the research team that the number of 

hours or days recruited did not have a significant effect upon recruitment rate. As a 

consequence of this, the research team decided that it would be more appropriate to tailor 

the recruitment times and days to suit the person that was recruiting. 
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Figure 4.4 Cumulative Total of Expressions of Interest during recruitment Pilot 

 

Figure 4.5 Numbers of eligible infants recruited during each week of the recruitment pilot 
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Figure 4.6 Weekly recruitment Rates for the LRBCS recruitment pilot 
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LRBCS Pilot Profile 

In addition to appraising recruitment rates, data from the LRBCS pilot could also be used to 

create a profile of some characteristics of the 334 mothers who had expressed interest in 

the study. An important characteristic that needed to be appraised was whether the group 

had socioeconomic demographics that were representative of Liverpool population, as this 

ǿŀǎ ƻƴŜ ƻŦ ǘƘŜ ǎǘǳŘȅΩǎ ƪŜȅ ŀǊŜŀǎ ƻŦ ƛƴǘŜǊŜǎǘΦ CǳǊǘƘŜǊƳƻǊŜΣ ƛǘ ǿŀǎ ŘŜǎƛǊŀōƭŜ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ 

number of mothers opting for online questionnaires, to further ascertain the feasibility of 

primarily conducting the LRBCS using the internet. It was also possible to profile other 

characteristics, including ethnicity and the geographical representation of participants.  

Therefore, an analysis of the data available from the mothers who had expressed 

interest in the study during the pilot was conducted, and have been described in greater 

detail elsewhere.(205) It is of significance that this preliminary analysis of the pilot group 

demonstrated that the mothers who expressed interest in the LRBCS had similar Indices of 

aǳƭǘƛǇƭŜ 5ŜǇǊƛǾŀǘƛƻƴ όLa5ύ ǎŎƻǊŜǎ ǘƻ ŀƭƭ ƳƻǘƘŜǊǎ ǿƘƻ ŘŜƭƛǾŜǊŜŘ ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ 

Hospital during the pilot period. IMD scores are derived from qualitative data collected by 

the UK government about various aspects of deprivation, including income, employment, 

health deprivation and disability, education skills and training, housing, barriers to services, 

crime and living environments.(206) This is considered to be the most comprehensive 

measure of deprivations in the UK. Areas in which residents are the most deprived in the 

context of these aspects are assigned the lowest scores. It can therefore be postulated that 

the socioeconomic deprivation of mothers expressing interest in the study were 

representative of the Liverpool population as a whole.  

This analysis demonstrated the demographics of the cohort were grossly 

representative of the Liverpool population. The male to female sex ratio of infants was not 

significantly different from the national average. The research team had received 

expressions of interest from the mothers of three sets of twins. The incidence of twin births 

is approximately 1 in 100, thus with 334 mothers enrolled, this number is accurate. 

Furthermore, analysis of the ethnicity also demonstrated that the ethnic diversity of 

mothers that had expressed interest in participating in the study were representative of the 

Liverpool population. The geographical spread of mothers was satisfactory, however, 

geocoding of postcodes demonstrated that some postcodes were underrepresented due to 

their close proximity to other hospitals that offer maternity services. 

It was also reassuring to the research team that 78% of mothers that expressed 

interest in participating in the LRBCS asked to receive communication and questionnaire 
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invitations by email, and just 22% opting for postal correspondence. This further supports 

the decision to conduct the LRBCS primarily online. 

Therefore, early analyses of the pilot group demonstrated that mothers expressing 

interest in the study during the recruitment pilot were relatively representative of the 

Liverpool population in a number of domains. However, the sample size is relatively small, 

thus the results of the pilot may not be completely reliable. It will be necessary for the 

research team to continuously monitor the demographics of the cohort throughout the 

duration of the study to ensure that the sample remains representative, and make the 

appropriate corrections if not.  

4.2.5 Conclusions 

Final Recruitment Strategy 

Following the four week pilot, the research team met and discussed the results of the pilot. 

It was decided that although a seven day recruitment strategy would be optimal, as this 

strategy achieved recruitment rates similar to larger, well-funded birth cohort studies. (64, 66) 

However, it was decided that this strategy would not be a feasible long-term recruitment 

strategy for the LRBCS. This decision was reached by the research team because the one 

research student facilitating recruitment would also be responsible for managing study 

databases, administrating postal questionnaires, overseeing online responses and 

responding to telephone and email queries from parents. 

 The research team concluded from the pilot results that four full days of 

recruitment could be sufficient to yield an acceptable number of expressions of interest. 

Recruitment figures for the third pilot week (recruitment on alternate days) demonstrated 

ǘƘŀǘ ƛǘ ǿŀǎ ǇƻǎǎƛōƭŜ ǘƻ άŎŀǘŎƘ ǳǇέ ǿƛǘƘ ǘƘŜ ƳƻǘƘŜǊǎ ǘƘŀǘ ƘŀŘ ƎƛǾŜƴ ōƛǊǘƘ ŘǳǊƛƴƎ ǘƘŜ ǇǊŜǾƛƻǳǎ 

day, and that similar amounts of mothers were missed regardless of the recruitment 

strategy (with the exception of four full days). The research team therefore decided to trial 

one further recruitment pattern, where the research student would recruit on four 

weekdays (Monday, Tuesday, Thursday and Fridays), and could use one day in the middle of 

ǘƘŜ ǿŜŜƪ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ǎǘǳŘȅΩǎ ǾŀǊƛƻǳǎ ŀŘƳƛƴƛǎǘǊŀǘƛǾŜ ǘŀǎƪǎΦ  

This strategy was tested during the week commencing the 11th of March 2013, 

during which there were 145 births at the hospital. 133 of these births were to mothers 

living within the eligible postcodes for the LRBCS. A further six mothers living within 

postcodes L1-L38 were not eligible as they could not speak sufficient English to 

communicate with the research student, and two infants could not be included in the study 

as they were under the care of local authorities. Of the 124 eligible births between the 11th 
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and 17th of March, the research student met with 85 mothers. Of these, 83 expressed 

interest in participating in the LRBCS. Therefore, the recruitment rate for this strategy was 

69%. Thus, the research team agreed that this recruitment pattern was effective, and the 

research student should proceed to meet mothers at LWH according to this. 

Strengths and Benefits of conducting a recruitment pilot for the LRBCS 

There are number of benefits gained from piloting recruitment for a birth cohort study to 

ensure feasibility prior to fully implementing strategies. This four week period permitted 

the research student to identify the best approaches to recruitment and to develop a 

plausible recruitment strategy for the study for the particular maternity hospital that 

facilitated recruitment. The pilot was conducted on all of the postnatal wards that would be 

facilitating recruitment to the study, thus it is reasonable to assume that the data from the 

pilot is reliable. The research team were satisfied with the recruitment rates, particularly as 

only a small minority of mothers declined to participate.    

Limitations of the recruitment pilot 

Although the data collected during this recruitment pilot will be useful for researchers, and 

guide the research team in planning future recruitment to the LRBCS, the recruitment pilot 

also has some limitations that must be considered. Firstly, despite having the preparation 

days prior to commencing the pilot, the inexperience of the research student may have 

affected recruitment during the pilot period. This may account for the lowest recruitment 

rates of the pilot occurring during the first week. Furthermore, it was not possible for the 

research team to calculate the precise recruitment rate of eligible births to the LRBCS 

during the pilot period. Some of those mothers who were missed, or discharged during the 

night or other periods when the research student was not recruiting, may not be English-

speaking, or may not have been eligible for other reasons.  

 Furthermore, although a high number of mothers expressed interest in the study, 

this does not correspond to full enrolment, as mothers are not fully consented for the study 

until their child reaches four months. Therefore, despite the sample size being satisfactory 

for the pilot, the research team anticipates a large dropout at four months due to non-

response. Mothers that do not respond at four months have not consented, thus cannot be 

contacted again by the research team.  

4.3 Further Recruitment  
After establishing the most efficient recruitment strategy for the study, the research 

student continued to meet with mothers at LWH in order to obtain expressions of interest 

for participation in the LRBCS. This research student continued to recruit up until the 31st of 
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May 2013, however there was a one week recruitment break at the beginning of April due 

to the study team not having anyone available to recruit. Recruitment was continued by a 

volunteer during the months of June and July. The study will undergo a recruitment break 

during the month of August, and it will recommence in early September when a new 

research student joins the LRBCS team. 

 The research team has now successfully obtained expressions of interest from the 

mothers of 1,685 eligible infants. Of these, eight expressions of interest have been obtained 

from postcards deposited in the collection box on the neonatal unit, one postcard as 

deposited in the box on the Midwife Lead Unit, and one mother has expressed interest in 

participating in the LRBCS by completing the online form accessed by scanning the QR code 

using a smartphone. Additionally, there are two infants with cystic fibrosis who met all 

eligibility criteria that were recruited by a respiratory physician that is a member of the 

research team. Therefore, over 99% of mothers that expressed interest in the study did so 

as a result of personally meeting a member of the research team during their postnatal stay 

ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭΦ ¢Ƙƛǎ ǎǳǇǇƻǊǘǎ ǘƘŜ ŜǾƛŘŜƴŎŜ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎΣ ǘƘŀǘ 

adopting a personal approach to recruitment is essential to ensure the successful 

enrolment of a large proportion of eligible infants to a population-based birth cohort study. 

(64-66) 

 Since recruitment commenced in January 2013, there have been 3,218 live births at 

Liverpoƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭΦ hŦ ǘƘŜǎŜΣ нΣусу ƛƴŦŀƴǘǎ ǿŜǊŜ ōƻǊƴ to mothers domiciled within 

postcodes eligible for participating in the LRBCS. The research student identified that in 

addition to 24 mothers identified in the pilot, at least a further 127 mothers were not 

eligible to participate in the study as they were not able to speak English. There were 27 

Figure 4.7 Cumulative Total of expressions of interest in the LRBCS after the first six months 
of recruitment 
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Figure 4.8 Proportion of eligible mothers  
That were seen and recruited to the LRBCS 
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mothers that were not eligible or able to participate due to social problems, including 

approximately 11 children who were under the care of local authorities. Therefore there 

were 2,690 eligible births during this six month period. 62 mothers have declined to 

participate in the study. At present, the research team have obtained expression of interest 

in participation from the mothers of 1,685 children (Figure 4.7). Therefore, the research 

team had failed to see 943 potential participants during this six month period. 

4.3.1 Recruitment Rates  
The research team estimate that 

approximately 84% of births at LWH are 

eligible for participation in the LRBCS (see 

Figure 4.8). The research student obtained 

expressions of interest of approximately 

63% of eligible mothers during the first six 

months of recruitment for the LRBCS, and 

just 2% of mothers declined to participate. 

The research team are satisfied with this number, however it is essential to consider that 

only a fraction of these mothers are anticipated to fully enrol in the study by completing 

the consent form alongside the initial questionnaire at four months.  

Figure 4.9 Recruitment Flow Chart for the first six months of the LRBCS 
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4.3.2 Preference of Online questionnaires  
Online questionnaires are considered to be an important element of the LRBCS study 

design. During feasibility testing, almost all mothers indicated that they would prefer to 

ŎƻƳǇƭŜǘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ŀōƻǳǘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ƘŜŀƭǘƘ ƻƴƭƛƴŜΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ 

mothers that expressed interest in the study during the recruitment pilot also indicated  

that they would prefer to receive communications and questionnaires by email, with just 

22% opting to receive paper versions by post. However, over the following five months the 

number of participants preferring the postal option increased. At the end of the initial six 

month period of recruitment, two thirds of mothers had indicated a preference for online 

questionnaires, whereas one third desired to be contacted by traditional postal methods. 

However, when appraising these preferences on a month-by-month basis, a significant 

change in the ratio of online to postal participants occurred during the months of June and 

July (Table 4.3). This coincides with a new member of the research team assuming the 

responsibility for recruitment, thus indicating that these figures may have changed as a 

result in this change in recruitment.  

Table 4.3 Percentages of mothers requesting online versus postal communication from the 
LRBCS study team 

 

4.3.3 Geographical Representation  
Analysis of pilot data from the LRBCS demonstrated that the geographical representation of 

mothers who had expressed interest in participating in the study was an accurate 

representation of the distribution of the population within Liverpool postcodes, with some 

exceptions. A similar analysis was performed using the first half of postcodes provided by 

mothers on the expression of interest cards during the first six months of recruitment to 

the study (n=1685). These were geocoded using a batch geocoding tool, which permits 

researchers to visualize the geographical spread of participants across postcodes L1-L38. 

This data was compared to routine data provided by LWH, which the research team could 

then use to compare the number of births per postcode area with the number of 

Month Online (%) Postal (%) 

Pilot 78 22 

March 74 26 

April 69 31 

May 76 24 

June 46 54 

July 54 46 

6 month Mean 66 34 
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expressions per each area. In order to determine whether these numbers corresponded to 

each other, and to identify whether certain postcodes were being overrepresented in the 

study, these figures were then converted in to percentages (see Figures 4.10 and 4.11).

Figure 4.10 Number of women domiciled in eligible postcodes that expressed interest in the 
study compared to all women delivering at LWH 
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Figure 4.11 Representation of eligible postcodes versus expressions of interest as a % of the 
total number of postcodes 
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These graphs demonstrate that most Liverpool postcodes areas are accurately represented 

by the mothers who have expressed interest in the study. However, the postcode areas of 

L8 and L15 do appear to be underrepresented in the expression of interest group. This is of 

significance as both of these postcode areas have average IMD scores in the 5th quintile, 

thus these areas are home to some of the most deprived people in England. 

Overrepresentation also occurred, with higher than anticipated percentages of expressions 

of interest coming from L25. This is also significant, as the average IMD score for this 

postcode area is in the 4th quintile, and thus are the less deprived than two thirds of the 

ŎƛǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴΦ ¢Ƙƛǎ ŜǾƛŘŜƴŎŜ ŎƻǳƭŘ ōŜƎƛƴ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ǘƘŜǊŜ Ƴŀȅ ōŜ ŀ ōƛŀǎ 

towards infants of more affluent parents being overrepresented in the study, a bias which 

has been reported by other birth cohort studies. (178, 207) The deprivation scores of all 

mothers in comparison to those who expressed interest are discussed in depth in Chapter 

5. 

 When visualised on a map (see Figure 4.12), the geographical spread of the 

mothers who expressed interest in the study demonstrates that a bias may also exist 

ǘƻǿŀǊŘǎ ƳƻǘƘŜǊǎ ƭƛǾƛƴƎ ǿƛǘƘƛƴ ŎƭƻǎŜǊ ǇǊƻȄƛƳƛǘȅ ǘƻ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭ. The map 

Figure 4.12 Mapped postcodes of mothers who expressed interest in participating in the LRBCS. 
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demonstrates that the LRBCS recruited less mothers from the areas surrounding Whiston 

Hospital and Ormskirk hospitals, as these both offer maternity services to the surrounding 

areas.  

4.3.4 Ethnicity  
Analysis of the ethnicity of the pilot group demonstrated that the ethnic diversity of infants 

that had been fully recruited to the LRBCS was similar to that of the general Liverpool 

population. However, the ethnicity of infants that have been recruited to the study 

demonstrates that the White British population may be overrepresented in the cohort, with 

underrepresentation of children for Asian or Black ethnic backgrounds. This is discussed in 

further detail in chapter 5 of this thesis. 

4.3.5 Maternal Age  
Maternal age is an important factor that needs to be considered when determining 

whether the mothers expressing interest in the LRBCS representative of all mothers are 

ŘŜƭƛǾŜǊƛƴƎ ŀǘ [ƛǾŜǊǇƻƻƭ ²ƻƳŜƴΩǎ IƻǎǇƛǘŀƭΦ ¢Ƙƛǎ ƛǎ ƻŦ ǇŀǊǘƛŎǳƭŀǊ ǎƛƎƴƛŦƛŎŀƴŎŜ ŀǎ ƻǘƘŜǊ ōƛǊǘƘ 

cohort studies have demonstrated that a self-selection bias towards older mothers 

sometimes occurs in these studies.(178) This information is collected by the first 

questionnaire, however the research team are currently in the process of retrospectively 

obtaining this information about mothers who expressed interest in the study, as the 

demographics of these mothers may differ from those completing questionnaires.  

4.4 Recruitment of Infants from the Neonatal Unit  
The neonatal unit at LWH cares for approximately 1,000 premature babies annually. A 

number of these infants are born to mothers living across Merseyside, Cheshire, North 

Wales and other areas, and thus many are not eligible for participation in the LRBCS. 

However, the research team felt it was essential to ensure that the study did enrol eligible 

infants who had been cared for at the unit in order to investigate the effects of prematurity 

upon respiratory symptoms, and also to understand the relationship of prematurity with 

other risk factors and demographics in the context of long term respiratory health. 

 The research team were concerned initially that only three postcards had been 

deposited in the collection box at the unit. Following conversations with the relevant 

members of saff, the research team discovered that the majority of eligible mothers were 

ōŜƛƴƎ ŀǇǇǊƻŀŎƘŜŘ ōȅ ǘƘŜ ǊŜǎŜŀǊŎƘ ǎǘǳŘŜƴǘ ǿƘƛƭǎǘ ǎǘŀȅƛƴƎ ƻƴ ǘƘŜ ƘƻǎǇƛǘŀƭΩǎ Ǉƻǎǘƴatal wards, 

and thus eligible premature infants were not being missed. However, the research team felt 

it was necessary to appraise the precise number of these infants that were being enrolled 
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to the study, to ensure that there was an accurate representation of premature infants in 

the cohort. 

 The research team were able to obtain discharge data from the neonatal unit for a 

12 week period. Children from eligible postcodes were identified from the neonatal unit 

list, and compared to the database of study participant contact details to determine 

whether the mothers of these children had expressed interest in the study. It was found 

that over the twelve weeks, there were 248 infants discharged from the unit (Figure 4.13). 

Of these, 72 were not eligible 

to participate in the study as 

they were born to mothers 

living in postcodes outside of 

L1-L38. The research team had 

obtained expression of interest 

from mothers of 129 of the 176 

eligible mothers, thus the 

recruitment rate for the unit 

was 73%. This rate is higher 

recruitment rate than the study recruitment rate of 63%. This difference may be attributed 

to mothers of premature infants staying at the hospital for longer than the mothers of 

healthy 47 mothers were not recruited to the study, however, this does not necessarily 

mean that they were not approached for participation. A proportion of these may not have 

been able to speak English, and furthermore this number does not account for mothers 

who were not eligible for social reasons, those who the research student was advised not 

see by midwives, and mothers that were approach for participation but declined. Children 

that were cared for by the neonatal unit accounted for 16% of all expressions of interest 

received by the research team during this 12 week period. 

 

4.5 Conclusion 
The recruitment strategy for the Liverpool Respiratory Birth Cohort study appears to an 

effective method of accessing mothers of eligible infants and obtaining expressions of 

interest. This approach is therefore suitable for recruiting infants to a population-based 

birth cohort in the city of Liverpool. The LRBCS has also demonstrated that passive 

recruitment, by displaying recruitment materials alone, or relying on staff members to 

opportunistically recruit would not be a feasible strategy for recruiting a significant number 

Figure 4.13 Proportion of infants discharged from LWH  
Neonatal Unit Recruited to the LRBCS 

 

Recruited
52%

Not 
Recruited

19%

Not from 
eligible 

postcode
29%
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of mothers to a birth cohort study. This is supported by evidence from a number of other 

studies conducted in the UK and Europe.(64, 65, 70, 178) 

The research team realised during the pilot that the greatest factor limiting 

recruitment to the LRBCS was seeing all the mothers.  A proportion of women giving birth 

at LWH are discharged within 6 hours of delivery, and additionally, it was not feasible for 

the research student to recruit during the weekend as recruitment is facilitated by just one 

research student who also has other administrative duties to complete. Ultimately, this 

means that it is unavoidable that some mothers are not seen by the research student.  

Despite these factors that restricted recruitment, 63% of eligible mothers, or 99% 

of those mothers approached, expressed interest in participating in the LRBCS. Just 1% of 

mothers declined to participate during the first step of enrolment to the study. The limited 

data obtained by the research team suggests that the demographics of mothers who have 

registered interest in the study are a fairy accurate representation of mothers in Liverpool. 

Results from the initial questionnaires will demonstrate whether mothers that fully enrol in 

the study are also a representative sample, as previous birth cohort studies have 

demonstrated that a self-selection bias exists towards children born to older, more 

educated parents that live in more affluent areas.(178) 

Recruitment will continue for at least 12 months from the end of the pilot. 

However the research team hope that as the study grows and progresses it will attract 

substantial funding that will permit recruitment to continue beyond this. To achieve 

maximum recruitment, the study would require at least one research nurse to be 

employed, whose sole role would be to meet mothers and recruit participants.  

Recruitment to the study appears to be subjective, and it may be affected by a 

number of factors, including the person who is recruiting. This is demonstrated by the 

reduction in the number of women declining to participate as the student facilitating 

recruitment became more competent. Further evidence is the reduction of the recruitment 

rate that was observed when the student that was initially recruiting the study was 

replaced by a volunteer. It is also of significance that, despite not being involved with 

recruitment, staff on postnatal wards played a crucial role in recruitment, and maintaining 

excellent relationships with managers, ward clerks and midwives is essential for the future 

success of recruitment to the study.  
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Chapter 5  

Preliminary Results from the Initial LRBCS 

Questionnaire : Symptoms in 2nd through 4 th 

months of life  

5.1 Introduction  
In May 2013, the Liverpool Respiratory Birth Cohort Study moved in to its fourth and final 

phase, in which the research team began to distribute the initial questionnaires for the 

study. The dataset from the study will be complete following five years of longitudinal 

follow-up of children that were enrolled in the study by their at age four months. Data will 

include information about important demographics and exposures that alter the risk of 

respiratory disease in children, including sex, birth weight, gestation at birth, household 

tobacco smoke and socioeconomic deprivation. The variables and exposures that can 

change over time, such as smoking or nursery attendance will be recorded on a six monthly 

basis. Along with these questions, parents will complete the LRSQ, which collects 

information about symptoms for the preceding three months. Parents will receive the first 

questionnaire at age four months, and will continue to receive questionnaires until their 

child is five years old.  

Following five years of follow up, longitudinal data from respondents will be linked. 

This will allow researchers to gain insight in to the effects of these exposures upon the 

prevalence and severity of respiratory symptoms in preschool children living in Liverpool. 

This information will also permit researchers to understand how the relationship between 

exposures and symptoms changes over time. In order to do this, researchers will perform 

univariate, multivariate, and linear regression will compare domain scores of the symptoms 

questionnaire with demographics. Structural equation analysis may also be used to assess 

any relationship that is found between variables and symptom scores. Furthermore, the 

research team wish to further assess the validity of the LRSQ as a research tool.  

The data for each age group (ages four months, 10 months, 16 months etc.) is 

stored in separate databases, therefore it will be possible for the research team to perform 

interim analyses upon the data at various time points. This will allow the research team to 

identify whether drop-out from the study introduces bias to the sample of mothers and 

infants participating in the study. If identified, analysis of results will need to be corrected 

for the overrepresentation or underrepresentation of certain groups within the population. 
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Furthermore, interim analyses will also permit researchers to continuously monitor trends 

in the respiratory health of preschool children living in Liverpool.  

Therefore, this analysis will not be possible until approximately four months after 

the final expression of interest has been received by the research team. However, for the 

purpose of this thesis, it was possible to analyse preliminary results from 177 mothers and 

infants that had completed the initial questionnaire by August 1st 2013, whose children had 

been born prior to April 1st 2013. A simple analysis of demographics from the results from 

the initial questionnaires of mothers that were recruited during the pilot phase of the 

LRBCS has already been performed and described elsewhere.(205) Following the analysis of 

data from the pilot group, the research team felt it was necessary to further develop the 

questionnaire and some questions that investigated whether parents had visited their GP 

ǿƛǘƘ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ǊŜǎpiratory symptoms, or whether the child had been 

admitted to hospital with respiratory symptoms. The research team also felt it would be 

useful to obtain a record of maternal age, to ensure that the technology used in the LRBCS 

does not introduce bias. A full analysis of results of the initial questionnaire will be 

performed when all mothers who wish to participate in the study have completed the 

questionnaire.  

5.1.1 Aims 
The primary objective of this preliminary analysis of responses to the initial LRBCS 

questionnaire was to create a profile of the children, mothers and households involved with 

the LRBCS up until 1st August 2013. The analysis also aimed to identify whether the mothers 

that were fully consenting and completing the first questionnaire were a representative 

sample of mothers living in Liverpool. Furthermore, it aimed to identify whether there were 

any differences in the LRSQ scores from different population groups. This analysis also 

aimed to further assess the internal validity the eight domains of the LRSQ. 

5.2 Methods 

5.2.1 Distribution of Questionnaires  

Email 

Questionnaires were distributed to mothers wished to participate online using an invitation 

email that contained the Uniform Resource Locator (URL) for the initial questionnaire. 

Invitations were sent on a rolling, daily basis, when the child had reached age four months. 

The invitation email contained a mothers Unique Identification (ID) code that would be 

entered on the first screen of the questionnaires (see Appendix 11 for instructions how to 

access an example questionnaire). This semi-anonymised ID consists of the first four letters 



Bethan Griffith 
 

108 
 

ƻŦ ŀ ƳƻǘƘŜǊΩǎ ǎǳǊƴŀƳŜΣ ǘƘŜ ƛƴƛǘƛŀƭ ƻŦ ǘƘŜ ƳƻǘƘŜǊΩǎ ŦƛǊǎǘ ƴŀƳŜΣ ŀƴŘ ǘƘŜ ŎƘƛƭŘΩǎ ŘŀǘŜ ƻŦ ōƛǊǘƘΣ 

followed by a number one for a singleton, or one or two for twins etc. This ID will be the 

sole method of identifying mothers in follow-up questionnaires, and is also necessary for 

the future longitudinal linkage of cohort data. 

Postal Questionnaires 

Postal questionnaires were distributed in batches on a weekly basis. The content and 

themes of the postal questionnaire was identical to that of the online version, however 

some adjustment were made to the layout to ensure it was suitable in an A4 page format 

(see Appendix 12 for the complete postal questionnaire). The postal questionnaire was sent 

alongside a covering letter that had similar content the invitation email, as well as a 

consent form, information sheet, and a stamped and addressed return envelope. 

wŜŎƛǇƛŜƴǘΩǎ ŀddresses and postcodes were validated prior to sending, and were amended 

ǳǎƛƴƎ ǘƘŜ ŎƘƛƭŘΩǎ ǊŜŎƻǊŘ ƻƴ ǘƘŜ a95L¢9/I© system at AldeǊ IŜȅ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ƛŦ 

necessary. The back of the envelope contained a return address to ensure the research 

team could identify if any of these postal questionnaires could not be delivered. 

Invitations and Reminders 

Previous studies have demonstrated that communications reminding participants to 

complete questionnaires can significantly enhance response rates in both online and postal 

questionnaires.(208, 209) The research team received ethical approval to distribute 

questionnaires by email or by post on a six monthly basis to mothers who had fully 

consented to participate in the study. Additionally, the research team obtained permission 

to send up to three subsequent email reminders to invite mothers to participate at weekly 

intervals. Furthermore, should the mother not respond to these invitations within four 

weeks, the research team was permitted to contact the mother by telephone to ascertain 

whether she still wished to participate in the study or not. 

Batch Tracing 

An encrypted list of all recruited infants (including expressions of interest) is sent to the IT 

Department at Alder Hey /ƘƛƭŘǊŜƴΩǎ Hospital on a weekly basis by the research team. 

Information analysts cross-reference the list against MEDITECH© records for children, in 

order to identify whether any participants have deceased. The list is subsequently returned 

to the research team to ensure that these patients are removed from the active study 

database, which in turn prevents parents from receiving questionnaires and/or reminders 

regarding a deceased child. 
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5.2.2 Data Collection and Storage   
Data from online questionnaires was automatically collected in to a database securely 

hosted by Adobe©FormsCentral. Data from returned postal questionnaires was manually 

added to this database. Data could be exported periodically or as it was required, and an 

encrypted and password protected version could be stored on University of Liverpool 

servers. 

5.2.3 Data Analysis 

Demographics and Exposures 

The LRBCS is still early in its data collection phase, thus only preliminary data is available for 

analysis in this thesis. Therefore, a general descriptive analysis was performed on this 

dataset using Statistical Package for the Social Sciences (SPSS) Version 20. Chi-Square was 

used to calculate whether demographics of respondents to the initial questionnaire were a 

represented sample of the population. Data relating to the demographic and exposure 

variables of participants was compared to local, regional or national figures, depending on 

the availability of data. Population demographics sources were the online sources of the 

Office for National Statistics (ONS), the Child and Maternal Health Intelligence Network 

(ChiMat) and the Health and Social Care Information Centre (HSCIC), all accessed between 

the 1st and 18th of August 2013.  

 Deprivations scores were calculated by inputting postcodes in to the Manchester 

Information and Association Services (MIMAS) data analysis software package, which 

converts postcodes into deprivation scores. Scores were subsequently assigned to quintiles; 

quintile one represents the most affluent 20% of the UK population, whereas quintile five 

represents the most deprived. These deprivation scores combine a range of economic, 

social and housing indicators to provide an up to data, comprehensive overview of 

deprivation in Engalnd. (210) 

 5Ŝǘŀƛƭǎ ŀōƻǳǘ ǘƘŜ ƳƻǘƘŜǊΩǎ ǇǊŜƎƴŀƴŎȅ ŀƴŘ ōƛǊǘƘ ǿŜǊŜ ŀǎ ǊŜŎŀƭƭŜŘ ōȅ ǘƘŜ ƳƻǘƘŜǊΦ 

Cigarette smoke exposure during pregnancy (active and passive) were also self-reported. 

Gestation at birth was recorded in completed weeks of pregnancy. The questionnaire 

ǇŜǊƳƛǘǘŜŘ ǇŀǊŜƴǘǎ ǘƻ ŜƴǘŜǊ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ōƛǊǘƘ ǿŜƛƎƘǘ ƛƴ ŜƛǘƘŜǊ ƳŜǘǊƛŎ όYƛƭƻƎǊŀƳǎύ ƻǊ ƛƳǇŜǊƛŀƭ 

(Pounds and ounces). All birth weights of were subsequently converted by a member of the 

research team in to grams (g). Ethnicity was recorded as the ethnic group or background 

from the UK Census 2011 to which mothers felt their child belonged.(211) 



Bethan Griffith 
 

110 
 

LRSQ Scores 

The LRSQ contains eight domains that each contain between three and five items. Each 

item contains a 5-point Likert scale ranging from 0-4, where 0 corresponds to no symptoms 

in the last three months, and 4 corresponds to symptoms every day or night in this time 

period. LRSQ scores can be calculated out of a maximum of 132 (100 points for respiratory 

symptoms and 32 for quality of life). Overall scores were calculated during this preliminary 

analysis, and were cross tabulated with important exposures including prematurity, breast 

feeding and exposure to household tobacco smoke scores. Time constraints do not permit 

for multivariate analysis, or comprehensive analysis of scores in each of the LRSQ domains.  

Questionnaire Validity 

/ǊƻƴōŀŎƘϥǎ ʰ ŎƻŜŦŦƛŎƛŜƴǘǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǘƻ ŀǎǎŜǎǎ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ƻŦ ƛǘŜƳǎ ǿƛǘƘƛƴ 

individual questionnaire domains, indicating the extent to which they measured the same 

construct.  
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5.3 Results 

5.3.1 Response Rates 
By the beginning of August 2013, the LRBCS research team had distributed the consent for 

and initial questionnaire to 705 mothers. Of these, 485 questionnaires had been sent by 

email and 220 had been sent by post. 39 of the 220 postal questionnaires were sent to 

mothers who had indicated that they would prefer to be contacted by email, but whose 

ŜƳŀƛƭǎ ƘŀŘ ǎǳōǎŜǉǳŜƴǘƭȅ άōƻǳƴŎŜŘέΣ ŀƴŘ ǘƘǳǎ ǿŜǊŜ ƛƴǾŀƭƛŘ ŀƴŘ ŦŀƛƭŜŘ ǘƻ ōŜ ŘŜƭƛǾŜǊŜŘΦ ¢ƘŜ 

39 mothers with invalid email addresses had previously been identified by Mailchimp®. 

 177 mothers had returned the questionnaires about their child by the cut-off point 

of the 1st of August, thus the response rate for the initial questionnaire is approximately 

25%. 33% (n=160) of the 485 mothers who were sent a study invitation by email completed 

the online questionnaire via Adobe®FormsCentral, and 8% (n=17) of the 220 mothers 

returned postal questionnaires.  

5.3.2 Profile of the LRBCS Mothers, Families and Household s 

Deprivation 

The Indices of Multiple Deprivation (IMD) 2010 scores for socioeconomic deprivation were 

derived from the household postcodes that mothers provided on expression of interest 

postcards and on the contact details section of the initial questionnaire. The deprivation 

quintiles of all mothers who had consented and completed the initial questionnaire were 

then calculated using these scores, and the number and percentages of mothers belonging 

to each quintile was calculated by had expressed interest in the study, and with all eligible 

births at LWH during the same time period (Figure 5.1). Previous analysis of preliminary 

results from the pilot group of participants demonstrated that mothers that expressed 

interest in the study were a representative sample of all women giving birth at LWH in the 

context of socioeconomic deprivation.  

This analysis demonstrated that small differences existed in the deprivation scores 

of mothers from who had fully consented and completed the first questionnaire compared 

to all mothers giving birth at LWH during the same period, and those who expressed 

interest in the study (X2=11.025, p=0.087).(205) Therefore, mothers from the most deprived 

quintile may be underrepresented in the sample, whereas mothers from the most affluent 

areas may be over represented. Analysis was also performed upon the deprivation quintiles 

of mothers selecting to receive questionnaires by email or post, compared to all births at 

LWH. Mothers from the least deprived postcodes showed a preference towards web based 

surveys, whereas mothers from the most deprived areas showed a slight preference 

towards postal questionnaires (X2=7.417, p=0.059)(Figure 5.2).  
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Figure 5.1 Proportion of mothers belonging to each IMD Quintile 
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Figure 5.2 Proportion of mothers selecting postal or email questionnaires per IMD quintile 
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Maternal Age 

Maternal age was one of the questions that were added to the questionnaire following the 

analysis of questionnaires returned from the pilot group. Therefore, data about maternal 

age is therefore available for 53% (n=94) of respondents. The mean age of mothers 

completing the questionnaire was 31 years and 3 months of age. The youngest and oldest 

mothers to complete the questionnaire were 19 and 45 years, respectively. Therefore, the 

range of maternal age was 26 years. This data was compared to maternal age figures for 

the North West of England Strategic Health Area (NWSHA), from the I{/L/Ωǎ Hospital 

Episode Statistics (Figure 5.3).(212) This demonstrated that mothers that responded to the 

initial LRBCS questionnaire when their child was four months old were significantly older 

than all mothers giving birth in the North West of England (X2=27.075, p<0.001). 

 

Education 

All 177 mothers responded to the question relating to the highest level of educational 

achievement they had attained. 6% of mothers (n=10) reported that they had no 

qualifications, and 47% (n=83) of respondents reported having achieved either an 

undergraduate or postgraduate degree. This data was compared to data relating to the 

levels of educational achievements for Liverpool and UK populations aged 16-64 years from 

the Office of National Statistics NOMIS database (Figure 5.4).(213) This comparison 

demonstrated that mothers who responded to the initial LRBCS questionnaire had been 

educated to a higher level than the general Liverpool population (X2=78.828, p<0.001). 

Mothers that had higher level qualifications were more likely to complete the 

questionnaire, whereas mothers with no or level 1 qualifications are considerably 

underrepresented in the sample.  

Figure 5.3 Maternal Age of LRBCS participants compared to North West England 
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Cigarette Smoking  

There were three questions that related to cigarette smoking within the household. One 

question explored active (maternal) smoking during pregnancy, and one related to passive 

exposure to cigarette exposure during 

pregnancy. The third related to any 

household member (including the mother) 

that currently smoked cigarettes. 9% (n=16) 

of mothers who completed the 

questionnaire reported that they had 

smoked whilst pregnant (Figure 5.5).  

This number was significantly lower than 

the reported prevalence of smoking 

during pregnancy in the Liverpool 

population(X2=7.773, p<0.005), and was 

also lower than the national average for 

England (X2=2.767, p=0.096).(214) 

Furthermore, 19% (n=33) mothers 

reported that another household 

member smoked during her pregnancy, and thus may have been passively exposed to 

cigarette smoke. 20% (n=35) of mothers report that a household member currently smokes 

Figure 5.5 Prevalence of cigarette smoking 
during pregnancy 
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Figure 5.4 Highest Educational Qualification attained of LRBCS respondents compared to 
people aged 16-64 in both Liverpool and British populations 
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cigarettes. Of these, 33 reported they smoked outside the home, eight reported smoking 

inside and three reported smoking cigarettes in the car (Figure 5.6). 

Breast Feeding 

The questionnaire asked mother to identify whether her child had ever been breastfed, 

either exclusively or supplemented with infant milk formula. If the mother indicated that 

she had breastfed her child, she was asked to specify whether this had been for up to one 

month, 1-3 months or was still breastfeeding. 84% (n=148) of mothers reported that their 

child had been breastfed. This is significantly higher than the number of mothers living in 

the Liverpool PCT area who initiated breastfeeding in 2012 (X2=59.484, p<0.001) (Figure 

5.7).(215) 44 of these mothers had breastfed for 1 month or less. Therefore, 70% (n=104) of 

all mothers that had initiated breastfeeding continued to do beyond 1 month of age, and 

47% (n=70) of mothers that initiated breastfeeding continued to breastfeed their infant at 

the time of the initial questionnaire.  

 

 

Atopic Disease 

The questionnaire explores family history of atopy by asking mothers to identify whether 

they or any first degree relatives (parents or siblings) have been diagnosed with Asthma, 

Hay Fever or Eczema by a doctor. 75% (n=130) of respondents reported that there was a 

ŦŀƳƛƭȅ ƘƛǎǘƻǊȅ ƻŦ ŀǘƻǇȅ ƻƴŜ ƻǊ ƳƻǊŜ ǎƛōƭƛƴƎǎ όƴҐолύΣ ǘƘŜ ŎƘƛƭŘΩǎ ƳƻǘƘŜǊ όƴҐссύΣ ŀƴŘ ƻǊ ǘƘŜ 

ŎƘƛƭŘΩǎ ŦŀǘƘŜr (n=65)(Figure 5.8). 

 

 

 

Figure 5.7 Proportion of mothers who fully enrolled in the LRBCS that initiated breast feeding 
compared to all mothers in Liverpool 
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5.3.3 Profile of Infants Fully Enrolled in the LRBCS  

Sex 

The cohort of children who were fully enrolled in the study consisted of 51% (n=90) females 

and 49% (n=87) males. There is no significant difference in the male to female sex ratio of 

children enrolled in the LRBCS compared to the sex ratio of the Liverpool population 

(X2=0.005, p=0.944).(213)  

Multiple Births  

Two sets of twins have been enrolled in the LRBCS. Therefore, twins account for 

approximately 1% of responses. Multiple births accounted for approximately 1.6% 

(n=11,505) of all births in the UK in 2011. There is no difference in the representation of 

twins in cohort compared to all births in England (X2=0.216 p=0.641).(216) 

Ethnicity 

Of the 177 mothers, фф҈ όƴҐмтрύ ǎǘŀǘŜŘ ǘƘŜ ŎƘƛƭŘΩǎ ŜǘƘƴƛŎƛǘȅΣ ŀƴŘ м҈ όƴҐнύ ŜȄǇǊŜǎǎŜŘ ǘƘŀǘ 

they would preŦŜǊ ƴƻǘ ǘƻ ǎǘŀǘŜ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ŜǘƘƴƛŎƛǘȅΦ  Of all mothers that responded, 91% 

(n=159) described their infants as of White British background, and a further 4% (n=7) of 

infants were described as any other White ethnic background. It is not yet possible to 

perform chi-squared analysis to ascertain whether there is any significant difference in the 

ethnicity of LRBCS infants in comparison to the Liverpool population as there have been no 

questionnaires returned for children of Asian or Asian British background. However, there is 

a trend emerging in which mothers of infants of White British ethnic background are 

overrepresented in the sample. Table 5.1 shows the number and percentage of infants 

Figure 5.8 Atopic conditions in first degree relatives of LRBCS children 
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belonging to each ethnic group in the LRBCS infants compared to the whole Liverpool 

population.(213) 

Gestation at birth 

Gestation at birth in completed weeks of pregnancy was recorded as recalled by the 

mother. Of the 177 infants that had been fully enrolled in the study, 19% (n=33) were born 

at 38 or more weeks gestation, which is classified as full term. 18% of all infants born at 

LWH in 2011-12 were born at full term. There is no statistically significant difference 

between these two figures (X2=0.248, p=0.618), and thus the gestation at birth of infants 

enrolled in the LRBCS is representative of all births of the hospital. Furthermore, these 

figures also reflect statistics for gestation across the North West of England region. (212) 

However, this analysis demonstrated that significantly more children in enrolled in the 

LRBCS are born prematurely compared to all births nationally (X2=46.061, p<0.001). (212) 

Figure 5.9 demonstrates the gestation at birth in weeks of all infants enrolled in the LRBCS, 

compared to all infants born at LWH, in the North West of England, and England as a whole. 

Table 5.1 Representation of ethnic groups within the cohort of fully enrolled children 
compared to the Liverpool population 

Ethnic Group Recruited Infants Liverpool Population 

White British 159 (91%) 402214 (85%) 

Other White 7(4%) 12272 (3%) 

Mixed 7(4%) 11756(3%) 

Asian or Asian British 0(0%) 19403(4%) 

Black or Black British 1 (1%) 12308(3%) 

Chinese or other ethnic group 1(1%) 11414(2%) 

 

Figure 5.9 Gestation of infants enrolled in the LRBCS, compared to all births at LWH, all 
births in the North West of England SHA, and all births in England. 
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Birth Weight 

The mean birth weight for infants enrolled in the LRBCS is 3258g. The lowest birth weight 

recorded was 510g, and the highest was 5500g, thus the range was 4990g. 11% (n=19) of 

infants had low birth weights (LBW), and 4% (n=7) had a very low birth weight, which are 

classified as a birth weight of less than 2500g and 1500g, respectively regardless of 

gestational age. Children enrolled in the LRBCS had slightly lower birth weights than 

children in the North West region, but this difference is not significant (X2=7.923, p=0.448). 

The birth weights of children enrolled in the study were not significantly lower than those 

of all English children (X2=7.967, p=0.446) (Figure 5.10). 

 

Co-Morbidities  

The questionnaire asked mother whether their child had been diagnoses with any chronic 

health conditions or diseases. 9% (n=16) of mothers indicated that their child had a chronic 

disease. Five children had been diagnosed with respiratory disease; two with cystic fibrosis, 

two with bronchopulmonary dysplasia, and one with a congenital deformity of the 

respiratory tract. A further three children had neurological conditions, three had 

gastrointestinal conditions, and two children had congenital heart defects.  

Contact with healthcare services due to respiratory disease 

Questions relating to the incidence and frequency of GP and Hospital visits or admission for 

respiratory conditions were added following analysis of the pilot results. This data is 

Figure 5.10 Distribution (%) of Birth Weight of infants fully enrolled in the LRBCS compared 
to all infants born in the North West of England, and Nationally. 
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therefore available for 103 participants. 16% (n=16) of mothers had taken their infant to 

the GP for respiratory related concerns. Of these, 31% (n=5) had visited the GP more than 

once because of these concerns. 4% of infants had been admitted to hospital due to a 

respiratory condition in the first three months of life.  

5.3.4 The Liverpool Respirat ory Symptom Questionnaire  
LRSQ scores out of a maximum of 132 were calculated for each participant. The lowest 

score was zero, and the highest score was 108. The mean sore was 11, the median was 6 

and the mode was 0. The standard deviation for all LRSQ scores was 15.4.  

LRSQ Scores in relation to specific exposures 

Higher mean LRSQ scores were observed in children that lived in a household where at 

least one person smoked cigarettes, irrespective of whether this person or persons smoke 

inside or outside the home. The median scores of smoking and non-smoking households 

were and 5, and 2, respectively. Questionnaire scores were not normally distributed (Figure 

5.11), therefore a Mann-Whitney U test was conducted to evaluate the differences in 

responses to the questionnaire. Living in a household with smokers had a significant effect 

upon the LRSQ scores of infants (The mean ranks of smoking households versus non-

smoking household were 113 and 83, respectively; U=1618, Z=-3.23, p<0.001, r=0.24).  

Children that were ever breastfed, regardless of duration, had lower mean LRSQ 

scores than children that had not been breastfed (mean scores 12 and 16, respectively). 

However, Mann-Whitney U testing demonstrated that the effect size of breastfeeding upon 

LRSQ was small and probably not significant (U=2555, Z=-0.811, p=0.417, r=0.06). There 

was only a small non-significant difference in the mean scores of premature infants (born at 

less than 38 weeks gestation) and infants born at full term, which were 11 and 12 

respectively (U=2171, Z=-0.733, p=0.439, r=0.05). There were also small non-significant 

differences between the mean scores of children from the most deprived quintile of the 

Figure 5.11 Histogram of LRSQ scores for all respondents 
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Liverpool population, and children from the other four quintiles, which were 13 and 9, 

respectively (U=3112, Z=-1.232, p=0.218, r=0.09).  

The prevalence of Respiratory Symptoms in infants aged 1-4 months living in Liverpool 

Snoring was the most frequently occurring symptom, with 106 of 177 respondents 

indicating that their child had snored whilst asleep in the last three months. Mothers of 8% 

(n=15) of the 177 children fully enrolled in the study reported that their child had not 

experienced any respiratory symptoms in the last 3 months. 31% (n=54) of mothers 

reported in at least one of the five symptom domains that their child had wheezed in the 

last three months. The prevalence of cough across all these domains was 58% (n=104). 11% 

(n=19) children only suffered from cough with a cold, however 48% (n=85) mothers 

reported that their child had a cough in the absence of a cold. 34% (n=60) of infants had 

experienced the symptom of a rattly chest, and 33% (n=57) of children had experienced 

shortness of breath. Other symptoms experienced by infants included rapid breathing 

(n=42), noisy breathing from the back of the throat (n=51), and noisy breathing that does 

not come from the chest (n=52) (Figure 5.12). 67% (n=119) children had experienced a cold 

in the last three months, and 24% of children had suffered with multiple colds during this 

time period.  

Higher scores in symptom domains appeared to be associated with higher scores in 

the quality of life domains, however there are a number of outliers (Figure 5.13). A 

significant limitation of the comparison of symptom score domains (domains 1-6 of the 

LRSQ), against scores in the quality of life domains (domains 7 and 8), was that this analysis 

has not previously been undertaken or validated in other studies that used the LRSQ.(1,7) 

Therefore, although there seems to be a correlation between the severity of symptoms and 

the severity of the impact upon quality of life, which is associated with high scores in the 

respective domains, the validity and significance of these differences is yet to be 

Figure 5.12 The number of respiratory symptoms experienced in the last three months 
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determined. Further analyses may be undertaken at a future date using the full sample to 

determine these factors.  

 Individual scores of each of the eight domains of the LRSQ were also appraised 

during this analysis. This was in order to assess whether specific exposures, such as 

household tobacco smoke had any effect upon the scores of individual domains. However, 

it was discovered that the sample is currently too small, and thus there is currently 

insufficient data to be able to detect significant differences in domain scores between 

groups of exposed children and groups of protected or not exposed infants.  

The effect of respiratory ÓÙÍÐÔÏÍÓ ÕÐÏÎ ÔÈÅ ÃÈÉÌÄȭÓ ÑÕÁÌÉÔÙ ÏÆ ÌÉÆÅ 

27% (n=47) of mothers reported that respiratory symptoms had some effect upon the 

quality of life of their child during the last three months. 20% (n=36) of mothers reported 

that their child had been awoken from sleep by their respiratory symptoms, and 18% 

(n=32) children had experienced difficulty feeding in the last three months as a 

consequence of their respiratory symptoms. 7% (n=13) of mothers noted that their child 

had been unusually tired as a result of these symptoms.   

4ÈÅ ÅÆÆÅÃÔ ÏÆ ÒÅÓÐÉÒÁÔÏÒÙ ÓÙÍÐÔÏÍÓ ÕÐÏÎ ÔÈÅ ÍÏÔÈÅÒ ÁÎÄ ÆÁÍÉÌÙȭÓ ÑÕÁÌÉÔÙ ÏÆ ÌÉÆÅ 

нф҈ όƴҐрмύ ƻŦ ƳƻǘƘŜǊǎ ǊŜǇƻǊǘŜŘ ǘƘŀƴ ǘƘŜȅ ƘŀŘ ōŜŜƴ ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ 

respiratory symptoms during the last three months. 23% (n=40) of others reported that 

their sleep had been disturbed by their infants respiratory symptoms. 10% (n=18) of 

ƳƻǘƘŜǊǎ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎ ƘŀŘ ƭƛƳƛǘŜŘ ǘƘŜƛǊ ŀŎǘƛǾƛǘȅΣ ŀƴŘ у҈ 

(n=15) of mothers stated that symptoms had resulted in adjustments being made to their 

daily life. 

Figure 5.13 The relationship between symptom domain scores and quality of life domain 
scores in the LRSQ 
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5.3.5 Validation of the Liverpool Respiratory Symptoms Questionnaire  
The internal consistency of the LRSQ portion of the questionnaire was assessed using 

/ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŎƻŜŦŦƛŎƛŜƴǘǎΦ ¢ƘŜ ŘƻƳŀƛƴ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ŀ ŎƘƛƭŘΩǎ ǎȅmptoms upon 

ǘƘŜ ŦŀƳƛƭȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ŜȄŎŜƭƭŜƴǘ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ όʰҔлΦфύΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŘƻƳŀƛƴ 

ŜȄǇƭƻǊƛƴƎ ǘƘŜ ŎƘƛƭŘΩǎ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ƎƻƻŘ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅΣ ŀǎ ŘƛŘ ǘƘŜ 

ŘƻƳŀƛƴ ǘƘŀǘ ŜȄǇƭƻǊŜŘ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎ ǿƛǘƘ ŎƻƭŘǎ όʰҔлΦуύΦ CƻǳǊ domains had 

ŀŎŎŜǇǘŀōƭŜ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ όʰҔлΦтύΦ IƻǿŜǾŜǊΣ ǘƘŜ ŘƻƳŀƛƴ ǘƘŀǘ ŜȄǇƭƻǊŜǎ άƻǘƘŜǊ 

ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎέ ƘŀŘ ǉǳŜǎǘƛƻƴŀōƭŜ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅΣ ǿƛǘƘ ŀ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ 

coefficient of 0.688. Therefore, seven out of the eight domains of the LRSQ had acceptable 

or better internal consistency, demonstrating that the questionnaire overall has acceptable-

to-good internal consistency (Table 5.2).(217, 218) 

5.4 Discussion 

5.4.1 Response Rates 
Response rates to both online and offline questionnaires can vary significantly between 

studies, depending on the population, the properties of the questionnaire and the purpose 

of the study.(162, 163, 209) A general decline has been reported in the response rates to 

questionnaires used in medical research and epidemiological studies over the past two 

decades for all study designs.(219, 220) The participation rate for the LRBCS was 25% of 

mothers who had expressed interest in the study around the time of the birth of their child. 

The return rate for the postal questionnaire, at 7%, was disappointing. The research 

student spent a considerable amount of time each weak upon administering postal 

questionnaires.(221) The research team were satisfied with the return rate of 33% of the 

email questionnaire in comparison to rates from other cohort studies.(175, 178, 219, 222) 

 The analysis of responses demonstrated that mothers that were living in deprived 

postcode areas were more likely to request postal questionnaires, and mothers from the 

most affluent areas of the city were showed preference towards a web-based 

questionnaire. Therefore, despite the limitations and low response rates of postal 

Table 5.2 Internal Validity of the Liverpool Respiratory Symptom Questionnaire 

Domain Symptoms in last 3 months Cronbach's Alpha Internal Consistency 

1 Daytime symptoms 0.701 Acceptable 

2 Night time symptoms 0.704 Acceptable 

3 With Colds 0.828 Good 

4 Intermittent symptoms 0.723 Acceptable 

5 During Activity 0.791 Acceptable 

6 Other symptoms 0.688 Questionable 

7 Effect on Child 0.838 Good 

8 Effect on family 0.901 Excellent 
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questionnaires in this study, it is essential that the postal option remains for mothers to 

minimise bias, and ensure that children from the most deprived areas are not 

underrepresented in the cohort. 

5.4.2 LRBCS Mothers, Households and Families  
Liverpool is one of the most socioeconomically deprived cities in the country, and around 

тр҈ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴ ŀǊŜ ŀƳƻƴƎǎǘ ǘƘŜ Ƴost deprived in England. The Toxteth area of 

the city is the most deprived area in the country.(210, 223) Furthermore, social deprivation is 

an important risk factor for respiratory disease in LiverpoolΩǎ ǇŀŜŘƛŀǘǊƛŎ population.(27, 38) It 

is therefore essential that the cohort of children that are enrolled in the LRBCS are a 

representative sample of children in Liverpool in the context of socioeconomic deprivation. 

There were slightly less expressions of interest from mothers of children from the most 

deprived quintile compared to all births in the hospital, and furthermore, slightly less 

mothers consented and completed the first questionnaire from the most deprived quintile. 

This difference is, as yet, non-significant. However, the p-value is trending towards 

significance, and the research team expects this difference to become more prominent as 

the sample size increases.  

 Mothers living in Liverpool are ranked in the lowest quartile nationally for initiation 

of breastfeeding rates.(215) Despite this, over 80% of mothers participating in the LRBCS 

recorded that their child had been breastfed, which is significantly higher than the average 

national level. It appears that children enrolled in the study are therefore much likelier to 

have been breastfed. This may reflect a recent targeted health promotion initiatives and 

peer support and information services available to mothers delivering at LWH. However, it 

must be considered that there may be some reporting bias on behalf of mothers, who, due 

to various health promotion initiatives, feel pressurised to report that their child had been 

breastfed. This self-reporting bias in the context of breastfeeding has been reported 

elsewhere.(224)  

 The spread of gestation at birth of infants enrolled in the LRBCS reflected those of 

all infants born at the Hospital, and were also representative of all infants born in the North 

West of England. However, significantly more children in the region are born prematurely 

compared to England. The Liverpool population has an increased prevalence of a number of 

socioeconomic and sociodemographic that have been associated with premature birth, 

including higher levels of teenage pregnancies, social deprivation and cigarette smoking 

during pregnancy.(138, 225-227) 
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 Children of mothers who smoke are more likely to develop asthma, and maternal 

smoking has been associated with receiving a shorter education.(228) The level of maternal 

smoking reported in the LRBCS was lower than the regional average, thus self-reporting 

bias may be present. However, mothers who have opted to participate in the LRBCS are 

generally more educated than all women delivering at LWH which may explain why the 

number of mothers who reported smoking during pregnancy in the LRBCS were much lower 

than official governing bodies.(214).  

 The profile of mothers participating in the LRBCS differed in a number of 

demographics in comparison with all women giving birth in the region. If these differences 

are demonstrated to have significant effects upon LRSQ scores, the research team will need 

to correct results for future questionnaires to adjust for these differences.  

5.4.3 LRBCS Infants 
The sample of infants participating in the LRBCS were relatively representative of the 

Liverpool population in terms of sex, gestation and birth weight. Similarly to other birth 

cohorts, children of White British ethnic origin were overrepresented in the cohort 

compared to the Liverpool population.(64) This may be attributed to the exclusion criteria of 

the study, whereby mothers that could not speak English were not invited to register their 

interest in study. The decision for this criterion was based upon the limited availability of 

funding of the study, meaning that it would not be feasible to translate questionnaires to 

different languages, which has been possible in other studies.(66) Automated translating 

facilities such as GoogleTranslate would not be appropriate to translate the LRBCS 

information sheets, consents forms and questionnaires as each translation would require 

validation by a qualified interpreter to ensure the meaning of questionnaire items was not 

lost.  

5.4.4 The Liverpool Respiratory Symptom Que stionnaire  
It is promising that significant results have been obtained from the LRSQ, despite this 

analysis being performed on just a fraction of the anticipated sample for the first LRBCS 

questionnaire. The most significant results were that the LRSQ scores of children that were 

exposed to household tobacco smoke were significantly higher than children who did not 

share a household with a smoker. Differences were also detected in other population 

groups that are considered at risk of respiratory disease, which included children from 

deprived areas, children who were never breastfed and children who were born 

prematurely.(39, 88, 229, 230) The sample size of the LRBCS is still small, thus the size of effect of 

these factors upon LRSQ may become more evident as the number of children enrolled in 
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the study increases. Future analyses should investigate the roles of protective and 

exacerbating factors for respiratory symptoms in children, such as breastfeeding and 

cigarette smoking upon questionnaire scores. 

 The questionnaire also revealed that there is a relatively high prevalence of 

respiratory symptoms during the first three months of life, particularly snoring and cough. 

Cough may be attributed to a number of respiratory and non-respiratory conditions, thus 

the significance of this high prevalence in the context of the LRSQ is not yet clear. This 

ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ǘƘŜǎŜ άǎȅƳǇǘƻƳǎέΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎƴƻǊƛƴƎΣ ŀǊŜ ƛƴ ŦŀŎǘ ƴƻǊƳŀƭ ŜƭŜƳŜƴǘǎ ƻŦ 

respiratory function. It was only possible to assess the presence of these symptoms across 

all domains in this analysis. Future analyses should assess the significance of the presence 

and severity of these symptoms in each domain to gain further insight in to the dimensions 

of respiratory symptoms in this population.  

5.4.5 Validity of the LRSQ 
Assessment of the internal consistency of the LRSQ demonstrated that the LRSQ is an 

acceptable tool for assessing respiratory symptoms in a population based sample of infants 

aged four months. CronbacƘΩǎ ŀƭǇƘŀ ŎƻŜŦŦƛŎƛŜƴǘǎ ŦƻǊ ƛnternal consistency is acceptable or 

better in 7 out of 8 domains (Table 5.3). However, the coefficients were considerably lower 

for LRBCS participants compared to the initial analysis by Powell et al. This may be 

attributed to the coefficients for the LRBCS being calculated for eight domains, whereas 

Powell et all grouped the four domain that explore daytime symptoms together. A larger 

number of items in a questionnaire domain has been demonstrated to raise the CǊƻƴōŀŎƘΩǎ 

alpha scores. The internal validity of the night time symptoms increased to 0.784 when the 

question relating to snoring was removed from analysis. Improvements in the validity of 

this domain with the removal of the snoring question were described in both other studies 

that validated the questionnaire.(1, 7) If this item persists to lower the validity of this domain 

when all responses to the initial questionnaire have been received, the research team will 

consider removing this question for analysis in order to enhance the validity of the LRSQ. 
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5.4.6 Strengths 
Longitudinal population-based birth cohort studies have a number of strengths and 

limitations, which are discussed in chapter six of this thesis. This preliminary analysis of 

initial questionnaire results are useful as the primary outcome measure of the LRBCS, had 

been previously validated to assess parent-reported respiratory symptoms in preschool 

children. This analysis has demonstrated that differences exist in the symptom scores of 

children that had risk factors for respiratory conditions in childhood. Significant differences 

exist in the LRSQ scores of children exposed to cigarette smoke compared to infants with 

non-smoking households members. This will help researchers focus further analysis of 

results from this questionnaire and future questionnaires.  

  A further strength of this analysis is that it has further validated the LRSQ in a 

cohort of healthy infants aged four months. The study aimed to recruit a large number of 

mother and infants from LWH, who were a representative sample of the Liverpool 

population. The analysis of results has demonstrated that the sample of mothers and 

infants enrolled in the study are not perfectly representative of the Liverpool population, 

however statistical analysis has demonstrated that the differences between the 

demographics of the two groups are currently relatively small.   

The quality of data received by the research team, and there were no incomplete 

questionnaires. This may be attributed to some function of the online questionnaire, which 

does not allow a respondents to proceed to the next section or submit their responses with 

incomplete or invalid responses.  

Table 5.3 Cronbach's Alpha scores for LRSQ domains in the LRBCS compared to previous 
studies that have used the questionnaire 

Domain 
 

LRBCS 
Trinick et al8 

 (preschool group) 
Powell et al1 

1 Daytime symptoms 0.70 0.76 0.95* 

2 Night time symptoms 0.70 0.64 0.80 

3 With Colds 0.83 0.66 0.95* 

4 Intermittent symptoms 0.72 0.81 0.95* 

5 During Activity 0.79 0.79 0.95* 

6 Other symptoms 0.69 0.80 0.95* 

7 Effect on Child 0.84 0.89 0.87 

8 Effect on family 0.90 0.79 0.91 

*Domains 1 and 3-6 (Day time symptoms) were grouped together for Cronbach's alpha 
analysis by Powell et al 
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5.4.7 Limitations  
Despite these strengths, this analysis has a number of limitations that must be considered. 

It was not yet possible to assess the sensitivity of the LRSQ in detecting changes in 

respiratory symptoms longitudinally. Furthermore, this analysis has been performed prior 

to the completion of recruitment to the study, thus the sample is incomplete and children 

that are currently enrolled may not be representative of the final sample.  Sampling bias 

may be present in these results. 

 The seasonality of respiratory symptoms is of particular concern in this analysis, as 

it has been performed on infants born between the months January and April.  The 

incidence of respiratory symptoms in this group may therefore be exaggerated, as 

respiratory infections such as bronchiolitis during winter months are likely to cause an 

increase the prevalence of symptoms during winter months. Additionally, non-

communicable mechanisms for respiratory symptoms, such as the exacerbation of 

asthmatic symptoms by cold air, may also be responsible for increased respiratory 

symptoms such as cough and wheeze during the winter months. (231)  By recruiting infants 

for a whole year, and by measuring symptoms at specific ages, such as ages 4 and 10 

months as opposed to cross-sectional surveys of all participants, it is hoped that the 

potential bias of seasonality will be reduced. Furthermore, the LRSQ contain domains that 

specifically refer to symptoms associated with respiratory tract infections, as well as 

domains that explore symptoms when the child does not have such infections, it may be 

possible for researchers to distinguish between infective and allergic mechanisms for 

respiratory symptoms within this defined population of preschool children.  

 It must also be considered that the LRBCS questionnaire itself may be biased. 

Recall bias may have been present as parents were asked to recall respiratory symptoms 

from the preceding three months. However, previous studies that used the questionnaire 

have reported that the tool has an acceptable short term reliability.(1, 7) Self-reporting bias 

in questions relating to negative health behaviours such as cigarette smoking during 

pregnancy has been reported elsewhere, and may explain the lower than expected 

prevalence of cigarette smoking amongst mothers. 

5.5 Conclusions 
An analysis of preliminary results from the first LRBCS has demonstrated that the 

demographics of mothers enrolling their child in the study differ, to varying degrees, from 

those of all mothers living in Liverpool. LRBCS mothers are likelier to be domiciled in more 

affluent areas, to be older, of white British ethnicity, and to have been educated to a higher 

level. LRBCS mothers were also less likely to smoke than the general Liverpool population, 
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and were more likely to initiate breastfeeding, and to continue breastfeeding beyond eight 

weeks than their regional and national counterparts.  

Significantly higher LRSQ scores were associated with the presence of a household 

members who smoked, regardless of the location where this person smokes. A slightly 

lower mean LRSQ scores were observed in children who had ever been breastfed, and 

slightly higher scores were observed in children from socioeconomically deprived areas and 

those who were born prematurely.  
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Chapter 6 

Questionnaire Development, Recruitment and 

Preliminary Results from the Liverpool 

Respiratory Birth Cohort Study  

6.1 Discussion 
The Liverpool Respiratory Birth Cohort Study has made significant progress during the last 

year. The research team have successfully developed and finalised the questionnaire 

content and design, created recruitment material, and have conducted feasibility and pilot 

studies using mothers from the target population. The study has now entered its data 

collection phase, and has already obtained significant results. To date, the research team 

have received 1685 expressions of interest in the study from mothers, and 220 of these 

mothers have fully enrolled their child in the study and completed the initial questionnaire. 

The LRBCS research team and LWH staff have not received any complaints, and a large 

proportion of new mothers that are approached by the research team express interest in 

the study. 

 The study has a number of unique features. It is the first study to longitudinally 

assess the respiratory symptoms and quality of life of preschool children using the LRSQ. 

The study is the first birth cohort study to assess the respiratory symptoms of preschool 

children living in Liverpool, and furthermore the LRBCS is also the first online birth cohort 

study to be conducted in the UK. Longitudinal study designs have notorious difficulties with 

loss to follow up, however this study uses the latest technology to maximise engagement 

with parents, which is hoped will maximise retention.(232) In 2012, 95% of UK households 

with children had a fixed internet connection, and 67% of adults used a computer on a daily 

basis.(233) Therefore, a large proportion of people living in the UK have access to technology. 

 Furthermore, 100% of mothers who participated in one of the LRBCS feasibility 

studies indicated that they had access to the internet, and would be happy to complete an 

online questionnaire about the respiratory health of their child. The online LRBCS 

questionnaire is accessible by means of personal computer, tablet or smartphone, which 

further increases its scope. The development of a smartphone application may further 

increase participation in the study.(234) The LRBCS has already demonstrated that it is 

feasible conduct a population based cohort study using online questionnaires.  

Conducting the study online has allowed researchers to keep study cost to a 

minimum, with invitation emails and reminders being distributed automatically through 
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MailChimp® email software. This also helps reduce the administrative burden of the study. 

Financial difficulties have previously been a burden to researchers and limited the power 

and reach of birth cohort studies, thus the prospect of a conducting a study with five-year 

follow up at a cost of less than £2 per participant is attractive.(65, 177) The higher response 

rate to email as opposed to postal questionnaires that has been observed so far further 

supports the decision of the research team to conduct the study primarily online.  

 A number of elements of the online questionnaires, including the appearance, 

layout and even the software were selected and developed with input from mothers 

belonging to the LRBCS demographics. The research team hope this will enhance response 

rates to the questionnaire. Attempts to further engage with mothers will be made 

throughout the study, by providing regular study updates and sending birthday greetings. 

 Similar to other birth cohort studies, the researchers found that adopting a 

personal approach to recruitment was the best approach.(64-66, 204) Just one mother 

registered her interest in the study by using the QR code, one deposited a postcard in the 

post box, and five infants were recruited by the neonatal unit staff. In contrast, the 

research students personally recruited 1678 mothers at LWH to the study between January 

and July 2013. This figure represents approximately 58% of eligible mothers who delivered 

at the hospital during this time period. 

 Participation rates for the initial questionnaire were 25%, which is satisfactory 

when compared to other cohort studies.(76) Mothers that opted to fully enrol in the study 

were older and more educated than the general Liverpool population. This self-selection 

bias has been observed in another birth cohort study that used online questionnaires.(178) 

Mothers were more likely to initiate breastfeeding, and were less likely to smoke cigarettes 

during pregnancy compared to other mothers in Liverpool. Infants enrolled in the study 

were generally representative of the Liverpool population, however the gestation at birth 

of children in the region was significantly lower than the national English average. This may 

be attributed to a number of factors, including socioeconomic deprivation.(34) Despite the 

study being early in its data collection phase, there have been some significant preliminary 

results. Higher LRSQ scores corresponded to a greater prevalence and severity of 

respiratory symptoms in the last three months. Slightly increased mean symptom scores 

were observed in children from socioeconomically deprived backgrounds, as well as infants 

who were born prematurely and those who were not breastfed. A significantly increased 

score was observed in children who were exposed to household tobacco smoke, which has 

previously been demonstrated to be an independent risk factor for severe lower respiratory 
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tract infections in infants.(27) These observations are consistent with the current evidence 

about the epidemiology and risk factors for respiratory disease in paediatric populations.(26, 

27, 34, 38, 88, 91) The significance of overall and within domain scores for the LRSQ will be better 

understood once all questionnaires have been received and fully analysed. 

 Over the next five years it is hoped that researchers will gain significant insight in to 

the natural history of respiratory symptoms in the Liverpool preschool population, and that 

the study will have a significant impact upon health promotion initiatives and social policy 

in the city of Liverpool. There is strong evidence that links social deprivation to respiratory 

disease within paediatric populations, however some may argue that other risk factors 

associated with deprivation, such as increased levels of prenatal and postnatal cigarette 

smoke exposure, lack of breast feeding, poor nutrition and poor air quality are 

confounding. However, one study that previously examined these risk factors successfully 

demonstrated that socioeconomic deprivation was an independent risk factor for severe 

respiratory tract infection during infancy, regardless of confounding factors.(27) The 

repeated longitudinal analysis of exposures to known risk factors for respiratory disease in 

the LRBCS will permit researchers to further explore the relationship between deprivation 

and respiratory disease in children. Furthermore, univariate and multivariate analysis of 

exposures and the severity of respiratory symptoms may also allow researchers to measure 

the size of effect as well as the relative risk of individual risk factors, including deprivation, 

and also gain further insight in to the relationship that exists between these factors. Cohort 

study design also permits for nested studies, which may allow researchers to understand 

whether migration to or ŦǊƻƳ ǘƘŜ ŎƛǘȅΩǎ Ƴƻǎǘ ŘŜǇǊƛǾŜŘ ŀǊŜŀǎ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ǎŜǾŜǊƛǘȅ ƻŦ ƴŜǿ-

onset or established respiratory disease in children. The study is currently in its infancy, but 

researchers believe that both the unique design and setting of the LRBCS will permit for the 

complex relationships between risk factors to become untangled, in turn allowing 

researchers and clinicians to identify the most at risk children, ultimately leading to primary 

disease prevention.  

 

6.2 Strengths  
Longitudinal observational studies like the LRBCS allow researchers to gain insight in to the 

relationship between a number of exposures and variables with a number of outcomes in 

individuals and populations over an extended period of time. The study design helps us 

understand the temporality of various disease processes, and how these process evolve 

over a number of years or a lifetime. Prospective studies that commence at birth minimise 

the effects of recall bias, as risks and exposures are continuously recorded as they occur. 
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A further strength of the LRBCS is its contemporary study design, where the latest 

technologies are used to maximise engagement with mothers, while keeping financial costs 

to a minimum. Children that move outside of eligible postcodes will continue to be 

followed up by the study, and using email addresses to distribute questionnaires may 

reduce the loss of cohort member to migration, which has been a significant issue in other 

cohorts. 

6.3 Limitations  
Despite the strengths and current success of the LRBCS, a number of factors exist that may 

ultimately limit the scope of the study. As previously discussed the exclusion of mothers 

who could not speak English and infants who were being taken in to the care of local 

authorities may affect population sampling in the study. However, due to the small size of 

the research team and limited availability of funding, these issues cannot be overcome. 

Issues with long term follow up of participants that migrate may also arise due to these 

factors.  

This is a local population birth cohort study, thus the generalizability of results will 

be limited. Despite this, the effects of important risk factors such as household cigarette 

smoke and social deprivation upon respiratory symptoms in preschool children will be 

relevant regardless of geographical location. 

Selection bias is an important factor that may affect the quality of results in any 

study population. 5ŜǎǇƛǘŜ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ [ƛǾŜǊǇƻƻƭ ŎƛǘȅΩǎ Ƴaternity services, it 

must be considered that not all mothers of infants born in postcodes L1-L38 will deliver at 

LWH, as their homes may be geographically closer to one of the two district general 

hospitals in the region that also provide maternity services. Furthermore, it will not be 

possible to recruit mothers who opt for home births. LWH provides secondary and tertiary 

care, thus premature, or low birth weight infants, as well as multiple births and children 

with co-morbidities may be overrepresented in the sample. These demographics will be 

monitored during the initial questionnaire which will permit researchers to correct for 

these factors if necessary. The primary outcome measure of the questionnaire is an online 

questionnaire. It must be considered that this method of participation may not appeal to 

mothers from certain demographics. The research team have made efforts to limit this 

potential source of bias by offering postal options, and furthermore have offered to create 

a large print version of the questionnaire for one partially sighted mother.  

Whilst the research team aims to recruit a large number of infants to the study, 

which will help increase the statistical power of results, this may also increase loss of 
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participants in follow up and attrition rates as it will become increasingly difficult for a small 

research team to manage the logistics of maintaining contact with large number of 

participants. Certain population groups may be more likely to not respond or leave the 

study, which may result of underrepresentation of these groups in the sample.  

6.4 The future of the LRBCS 
During the coming months, a new research student will join the LRBCS study team and will 

continue to personally recruit mothers to the study at LWH using the previously discussed 

methods. The distribution of the initial questionnaire to mothers when their child reaches 

age four months. In November 2013 the research team will commence distributing the first 

follow up questionnaire when the pilot group reach 10 months of age. This will be a crucial 

period for the study, as it will provide further insight in to the feasibility of the longitudinal 

follow up of infants. 

 The research team have received suggestions about using popular social media 

sites, such as Facebook Inc. and Twitter Inc. to raise the profile of the study. Other studies 

have experimented with using targeted advertisement to recruit via these sites, and some 

other cohort studies do have pages.(172, 178, 235, 236) The Born in Bradford study had an 

exemplary Facebook page (https://www.facebook.com/BornInBradford), which involved 

events, advice and information and is highly engaged with the cohort.(66) Furthermore, 

Ninfea, the Italian cohort study that was conducted online has enrolled participants directly 

from social media sites.(237) However, further research revealed that a number of social 

media pages for the majority of the studies were poorly maintained and had little or no 

engagement with the cohort. This can also raise issues surrounding participant 

confidentiality and professionalism, and any social engagement with participants must be 

performed with strict adherence to current guidelines.(238) Therefore, as the responsibility 

for maintaining such pages would be changing regularly, the LRBCS research team decided 

it would not be wise to create a social media presence at this point.  

 A further role of the new research student will be investigating new methods of 

increasing response rates and reducing attrition. As previously mentioned, a smartphone 

application to complete the questionnaire, and the capacity for automated on-screen 

reminders is highly desirable. Furthermore, the research team have already commenced 

researching the possibility of using text messages as reminders, which would be a 

particularly cost- and time-effective method of reminding mothers who receive postal 

questionnaires to respond. Contact details held in the MailChimp® database can be used 

with TextMarketer®, a mass Short Message Service (SMS) sending software to resend 

https://www.facebook.com/BornInBradford
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invitations or remind participants who have not yet completed the questionnaire. Using 

these reminders on a sample of 100 mothers from the pilot who had not responded to the 

initial invitation has so far yielded 6 questionnaire responses, and a further three mothers 

contacted the research team to communicate that they were no longer interested in 

participating in the study.  

6.5 Recommendations  
It is essential that recruitment to the study continues using the proven methods described 

in this thesis until at least January 2014.Future research students may consider slight 

alterations to the demographics and exposures questionnaires, including highest 

educational qualification, breastfeeding duration and smoking during pregnancy, to record 

data in a way that is precisely the same as data collected by censuses or other official 

statistics. This will make future analyses and comparisons of datasets more robust and 

reliable.  

 

6.6 Conclusion  
The LRBCS is a birth cohort study that explores the prevalence and impact of respiratory 

symptoms in children living in the city of Liverpool from birth until age five years. This will 

be achieved through the biannual assessment of symptoms using an online questionnaire 

that contains the LRSQ in addition to a demographics and exposure questionnaire. To date, 

the research team have obtained 1685 expressions of interest in the study, and 220 

mothers have proceeded to complete the initial questionnaire and fully consent to 

participate in the study. The success of the LRBCS can be attributed to the development 

and design of the study, which was heavily influenced by the feedback and opinions of 

mothers.  

 

  

.  
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Appendix  

1. Study Protocol Version 3.0  
Version 1.0 of the study protocol was created by R Pickles and MG Semple in 2012. There 

have been some minor revisions since the original protocol. 
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