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Abstract

Background: Born in Bradford (BiB) is a prospective multi-ethnic pregnancy and birth cohort study that was
established to examine determinants of health and development during childhood and, subsequently, adult life in
a deprived multi-ethnic population in the north of England. Between 2007 and 2010, the BiB cohort recruited 12,
453 women who experienced 13,776 pregnancies and 13,858 births, along with 3353 of their partners. Forty five
percent of the cohort are of Pakistani origin. Now that children are at primary school, the first full follow-up of the
cohort is taking place. The aims of the follow-up are to investigate the determinants of children’s pre-pubertal
health and development, including through understanding parents’ health and wellbeing, and to obtain data on
exposures in childhood that might influence future health.

Methods: We are employing a multi-method approach across three data collection arms (community-based family
visits, school based physical assessment, and whole classroom cognitive, motor function and wellbeing measures)
to follow-up over 9000 BiB children aged 7-11 years and their families between 2017 and 2021. We are collecting
detailed parent and child questionnaires, cognitive and sensorimotor assessments, blood pressure, anthropometry
and blood samples from parents and children. Dual x-ray absorptiometry body scans, accelerometry and urine
samples are collected on subsamples. Informed consent is collected for continued routine data linkage to health,
social care and education records. A range of engagement activities are being used to raise the profile of BiB and
to disseminate findings.

Discussion: Our multi-method approach to recruitment and assessment provides an efficient method of collecting
rich data on all family members. Data collected will enhance BiB as a resource for the international research community
to study the interplay between ethnicity, socioeconomic circumstances and biology in relation to cardiometabolic health,
mental health, education, cognitive and sensorimotor development and wellbeing.
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Background

Born in Bradford (BiB) is a prospective pregnancy and birth
cohort study based in Bradford, United Kingdom (UK).
The study was established in 2007 to examine how genetic,
nutritional, environmental, behavioural and social factors
affect health and development during childhood, and sub-
sequently, adult life in a deprived multi-ethnic population.
Now that children have reached age 7-11 years, BiB is revi-
siting study families in the first full follow-up of the cohort
[1, 2]. This is exploring how lives have changed for BiB
families around the key priority research areas of social and
emotional wellbeing, cardiometabolic health, and cognitive
and sensorimotor development. Data are collected through
multiple approaches, including community visits with fam-
ilies, and data collection with children in schools.

This protocol briefly describes the background of BiB,
including existing data, and then the rationale and
methods for the new data collection. It provides guidance
for other researchers working with deprived and/or multi-
ethnic populations to maximise recruitment and
retention.

Born in Bradford - the beginning

BiB was established in Bradford in 2007 [1, 2]. It quickly
developed into an applied population health research
platform to address the high levels of child ill-health in
the city. The city includes some of the most deprived
areas in the UK, with high levels of infant mortality,
childhood obesity, asthma and disability [3]. The aims
were fourfold: 1) to investigate early life determinants of
health and ill-health amongst families; 2) to use this
evidence to develop, design and evaluate interventions
to promote health; 3) to provide a model for integrating
research into practice; and 4) to build and strengthen
local research capacity in Bradford.

With modest initial funding, BiB had to turn to its
local network of midwives, obstetricians, paediatricians
and health visitors to recruit families and collect data.
This model provided an efficient means of recruitment,
and also served to promote ownership of the study
amongst local health care providers which, in turn,
helped to support our model of translating research into
practice. As the children grew up this collaborative ap-
proach was extended into schools and local government.

A key decision during the design of the cohort study
was to consent parents to linkage of routine health (pri-
mary and secondary care) and education records, and to
allow the BiB research team to access these records. In
collaboration with our local provider of electronic health
records across primary care (The Phoenix Partnership,
SystmOne) we were able to link 99% of BiB participants to
their health record. We also worked with our local author-
ity, Bradford Metropolitan District Council, to link BiB
children to their Unique Pupil Identification Number
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(UPN), allowing us to match 84% with their education
record.

The existing BiB resource

Between 2007 and 2010, the BiB cohort recruited 12,453
women with 13,776 pregnancies at 24—28 weeks gesta-
tional age, with 13,858 births (live births and stillbirths).
In addition, 3449 of their partners were recruited®' A
rich set of data were collected during pregnancy and in
the immediate postnatal period [1, 2].

Follow-up since then has included growth and blood
pressure measures by primary school nurses at age 5-6,
[4, 5] whole cohort record-linkage to health and educa-
tional data, e.g. [6, 7], detailed bespoke data collection
with sub-samples [8—10], and addition of biomarker data
using stored biological samples, including genome-wide
data, metabolomic data and Deoxyribonucleic acid (DNA)
methylation [11, 12]. A summary of data collected can be
seen in Fig. 1 and Additional File 1 and full details of
recruitment and data collected can be found in the BiB
cohort profile [1] and on the BiB website [13].

Analysis of BiB data has provided insights into the
factors that affect health and wellbeing in pregnancy and
early childhood, including on social and ethnic inequalities
in health [14-16], the relationships between maternal
gestational adiposity, gestational diabetes mellitus (GDM)
and maternal circulating glucose concentrations and fetal
growth, birth outcomes, infant and childhood health in
South Asian and White European families [4, 5, 17-19],
the associations of environmental stressors such as green
space and air pollution on health e.g. [20-22], exposures
that may influence development of asthma and allergies
[23] and the role of genetic variation in human health
[12]. BiB data have underpinned more than 100 journal
publications; a full list can be found at https://borninbrad-
ford.nhs.uk/.

Strengths of the BiB cohort include:

The diversity of the cohort. Forty five per cent of
families are of Pakistani origin, and half of Pakistani-origin
mothers and fathers were born outside the UK [24]. Half
of all BiB families are living within the fifth most deprived
areas of England and Wales. This provides the opportun-
ity to study the interplay of deprivation, ethnicity, migra-
tion and cultural characteristics, and their relationship to
child health and wellbeing.

A life course approach. The assessment of multiple-
‘omics data (including genome-wide data, some genomic
sequenced data, epigenomic, and metabolomic data) and
lifestyle in parents and children, with repeat measures of
some of these in subgroups and with the current follow-
up in the whole cohort supports life course epidemiology.
That is, understanding how social, cultural, lifestyle and
biological factors interact across the life course and across
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Fig. 1 Summary of existing data with the Born in Bradford cohort. Additional File 1 provides full details of all measurements, including assays that
have been completed on biological samples to date

generations to influence health and
wellbeing.

The whole systems, collaborative approach. BiB
involves health and education professionals and a wide
range of people in the local community in identifying
research priorities and the most efficient and feasible
ways of obtaining data to address these. We have inte-
grated our research programme with key organisations
within the city including the local authority, clinical
commissioning groups, school networks, and voluntary
sector organisations. Our goal is to work with these organi-
sations to help set research priorities, influence commis-
sioning of evidence-based services, improve the collection
and accuracy of routinely collected data and to raise the
bar in the monitoring of standards and the evaluation of
interventions to improve health.

Participant and community engagement. We have
established an active BiB parent governors group, which
meets every two months, to help co-produce our re-
search programme. We have a range of activities focused
on communicating and disseminating findings to partici-
pants and the wider Bradford community, using trad-
itional (birthday cards, newsletters) and social media
(Facebook: https://www.facebook.com/BornInBradford,
twitter: @bibresearch @bibparents) approaches. We hold
regular events to talk with the community about our re-
search, including family science festivals and pop-up
events in local shopping centres. We are regularly
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featured in the press, including a yearly BBC Radio 4
radio programme that features BiB [25].

The city focus. The focus on a single city has facili-
tated engagement with participating families, including
traditionally ‘seldom heard’ or ‘under-served’ groups
such as families living in more deprived areas. It has also
facilitated engagement with key stakeholders and the use
of findings in local decision making. BiB has recruited a
sample that is largely representative of city’s ethnic and
deprivation profile [26].

Detailed data collection and routine data linkage.
Detailed data collection during pregnancy, including oral
glucose tolerance testing which is routinely offered to all
pregnant women in Bradford, [18] and repeat ultrasound
scans [19], infancy and childhood (the latter supplemented
by health and educational record linkage), together with
stored biological samples on most participants (Fig. 1),
provide a unique opportunity for clinical and public health
translational research on maternal and perinatal health
and developmental origins of health and wellbeing.

BiB age 7-11 years follow-up: a resource for future
research

Multi-method approach

Now that our BiB children are all of primary (elemen-
tary) school age, a full follow-up of the children and
their families will provide insights into change in their
family circumstances, health and wellbeing since birth.
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We are employing a multi-method, three-armed ap-
proach to collect data from children and parents in com-
munity and school settings. This provides an efficient way
of collecting data and maintains the close engagement with
the whole community that was established at the study’s
inception. In our community-based family assessments we
conduct face to face visits with consenting parents, either
on their own or with their children, in the family home or
community venues. We have two independent school-
based assessments: one working alongside school nurse
teams to collect health-related data with children, and one
working with teachers to collect cognitive and wellbeing
assessments.

Priority research areas

The follow-up data collection focuses on three priority
research areas (see below), with differences in ethnicity
(including ancestry and migration to the UK) and socio-
economic position being cross-cutting themes. The links
between the three focused areas are key to understand-
ing how child and adult health and wellbeing develop.

Social and emotional wellbeing Social and emotional
wellbeing is key to the development of healthy behav-
iours, healthy relationships and educational attainment,
prevention of behavioural problems and better mental
health [27]. Early work from BiB suggests that consan-
guineous relationships, mainly seen as a risk factor for
congenital anomalies, might simultaneously protect
against psychosocial stress [28]. We have also found that
Pakistani mothers report feeling more confident about
their abilities as a parent and fewer of them adopt a hos-
tile approach to parenting than White British women
[29]. Using linked General Practice (GP) data, we have
found that Pakistani mothers have a higher prevalence
of undiagnosed and untreated depression and anxiety,
and that these mothers have children with worse socio-
emotional wellbeing at age 4-5 years [6, 14, 30].

The 7-11 years follow-up is supporting in-depth explor-
ation of mechanisms underlying ethnic differences in so-
cial gradients in socio-emotional wellbeing, for example
by taking into account the process of acculturation and
experiences of discrimination (which are likely to differ
between parents and children and by the length of time
that parents have lived in the UK). This research will pro-
vide a strong evidence base for community and family in-
terventions aimed at maximising child and adult well-
being, particularly in deprived multi ethnic communities.

Growth, adiposity and cardiometabolic health South
Asian adults have a characteristic phenotype of proportion-
ately greater adiposity, increased insulin resistance and
higher rates of diabetes and cardiovascular disease com-
pared with white British adults [31-34]. In BiB we have
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shown that despite being born smaller and lighter, infants
of Pakistani-origin mothers have higher total fat mass,
which seems in part to be explained by greater circulating
fasting and post-load glucose in Pakistani women [17].
Using repeat ultrasound scan measurements we have
shown that influences of GDM, fasting and postload glu-
cose emerge prior to the pregnancy stage when gestational
diabetes is usually diagnosed [19]. By age 4-5 years, the
positive effect of maternal gestational hyperglycaemia
seems to have attenuated, though greater maternal early
pregnancy adiposity remains associated with greater off-
spring adiposity at this age [5]. We have also shown that
Pakistani women are less likely to experience hypertensive
disorders of pregnancy (HDP) compared to white British
women, but that HDP is more robustly associated with
offspring BP at age 45 years in Pakistani compared to
white British children [4].

Given the very detailed measurements already available
from pregnancy, infancy and early childhood (age 4-5
years), with the follow-up of the whole BiB cohort of chil-
dren at 7-11 years, we will be able to explore the interplay
of socioeconomic, intrauterine and postnatal exposures
and molecular mediators on the development of cardio-
metabolic traits in South Asian and White British
children. We will also be able to explore the relationship
of women’s pregnancy experience, and the experience of
being parents, on adult cardiometabolic health.

Child cognitive and sensorimotor function Evidence
shows that childhood cognitive and visuomotor capabilities
are associated with subsequent poorer health and educa-
tional outcomes [35-38]. Sensorimotor control is the
emergent property that describes the interaction between
sensory-perceptual (e.g. visual, haptic) and coordinative
(e.g. motor planning) processes required to produce volun-
tary motor actions [35]. Here we focus on measuring chil-
dren’s sensorimotor control whilst undertaking three
fundamental movement tasks: tracking, aiming and steer-
ing. Cognitive abilities may integrate with sensorimotor
processes to produce more complex goal directed actions
and these abilities refer to higher-level mental processes in-
volved in gaining knowledge, comprehending, remember-
ing, decision-making and problem-solving [36]. We
assessed three core components of cognition: Working
Memory, Processing Speed and Inhibitory control as others
were either likely to be confounded in our multi-ethnic
sample (i.e. language) or were unfeasible to measure due to
time-constraints (e.g. long-term memory). Evidence shows
that abilities in both these domains of function are associ-
ated with subsequent poorer health and educational out-
comes [37-40]. Children who are socially disadvantaged,
including those living in poverty, are at a higher risk of cog-
nitive and sensorimotor deficits [41, 42]. Studies have iden-
tified relationships between better social and emotional
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wellbeing and: manual dexterity among primary school
aged children [43] and academic attainment [44] among
4-11 year olds. We have also found that White British chil-
dren showed higher levels of performance than children
from an Arabic education background when moving left-
to-right, even on novel tasks, whereas the Arabic education
children show the opposite asymmetry [45]. This may re-
late to exposure to writing and numerical systems that run
right-to-left in early childhood before the child enters the
UK education system and highlight the role of culture and
family on differences in cognitive development.

Measuring child cognition and sensorimotor control at
age 7—11 years allows us to relate early genetic, nutritional,
environmental, behavioural and social factors to cognitive
and sensorimotor capacity in the primary school years.
This is essential for identifying those children who are at
increased risk and require additional support in early life.
As some cognitive and motor capabilities can be improved
through specific training [46], this opens up the possibility
of interventions that could have a profound impact on
physical and mental health in adulthood.

Aims and objectives

The aims of the follow-up are to investigate the determi-
nants of children’s pre-pubertal health and development,
including through understanding parents’ health and well-
being, and to obtain data on childhood exposures (e.g. ma-
ternal, cultural, environmental and economic) that might
influence future health. Three key objectives, reflecting the
three priority research areas, within which we have identi-
fied example research questions are outlined in more detail
below. Whilst these objectives are presented separately, in
practice they are fully integrated in a programme of work
that explores the interrelationships between social and
emotional wellbeing, growth, adiposity and cardiometabolic
health, and cognitive and sensorimotor development, and
seeks to help us understand common mechanisms related
to outcomes in these areas.

Objective 1: to investigate the determinants of child
social and emotional wellbeing at age 7-11
Example research questions

e How can socioeconomic position be measured in a
valid and reliable manner in British South Asian
populations?

e Do socioeconomic gradients in childhood and adult
wellbeing vary across ethnic, language, generational
and migration groups and how might we understand
this variation?

e To what extent are good social relationships (e.g. for
parents with partners, for children with school
friends) protective against adverse effects of low
social economic position?
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e How do ethnicity and deprivation interact with
social exclusion, isolation, loneliness and bullying?

e In the British South Asian population, what roles do
social organisation, acculturation, migration, kinship
networks and consanguinity play for child wellbeing?

e How are ethnic density and social capital related to
child and parental wellbeing and to social and
residential mobility? What roles do ethnicity,
migration status, consanguineous unions, cultural and
kinship ties and socioeconomic position play? What
role do acculturation and timing of migration play?

Objective 2: to identify the determinants of healthy
childhood growth, adiposity and cardiometabolic health
in children and adults

Example research questions

e How do maternal gestational body mass index,
GDM and circulating gestational fasting and
postload glucose, fasting insulin, and multiple
metabolites relate to offspring adiposity, change in
adiposity, and cardiometabolic risk factors (blood
pressure, glycated haemoglobin, multiple
metabolites) in White European and South Asian
girls and boys age 7—11 years. How likely is it that
any associations represent causal intrauterine
effects?

e How do health behaviours, adiposity and
cardiometabolic risk factors cluster within children,
their parents and families? Does this vary by gender,
age, ethnicity, time since migration (for parents),
family composition, socioeconomic position or
neighbourhood characteristics?

e What are the associations of pregnancy
complications with cardiometabolic risk factors in
women 7-11 years post-pregnancy? Are these asso-
ciations independent of socio-economic position and
health related behaviours and do they vary by
ethnicity?

Objective 3: to investigate the determinants of child
cognitive and sensorimotor development at age 7-11
Example research questions

e How do cognitive and sensorimotor processes vary
across ethnic and language groups, and as a function
of gender and socioeconomic position?

e How are child cognition, behaviour and wellbeing
interrelated? Are there differences in cognitive and
sensorimotor abilities between children showing
socio-emotional and behavioural impairment that
further vary by socio-economic strata and between
ethnic groups?
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e How do early life and parental characteristics and
distributions of smoking, alcohol, diet and physical
activity influence a child’s cognitive and
sensorimotor development?

e How does sensorimotor control change from school
entry to age 11 years and how does this map to
educational attainment? What factors best predict
later cognitive ability and educational attainment?

e How do previous experiences and circumstances
affect cognitive and sensorimotor developmental
trajectories over the child’s life-course?

Methods

This section provides a summary of methods employed in
each arm of the follow-up. Further information on sam-
ples, recruitment and data collection is provided in Add-
itional Files 2-6. Table 1 summarises data that are
collected in each of the three arms, with further detail
below and in Additional files 2, 3 and 6. All information
sheets and consent forms can be accessed via the BiB web-
site:  https://borninbradford.nhs.uk/research/documents-
data/

A) Community-based family assessments
Community-based family assessments take place at
home visits or in community settings (e.g. children’s cen-
tres, schools or GP practices). Participants eligible for a
DEXA body scan are invited to our clinically equipped
“Big BiB bus” mobile clinic. For those we are unable to
visit in person or who live outside the Bradford area we
are offering telephone/online follow-up. All children and
parents who have previously been recruited to BiB are
eligible to take part, and adults with parental responsi-
bility for a BiB child who have not previously been
recruited are invited to join the study. Each family is
sent an invitation letter and three information sheets:
‘Information for families, ‘Information for children; and
‘How we use routine information’. Parents provide in-
formed consent for themselves and their child, including
consent to future linkage to health and education
records. The following data are collected:

Questionnaires: Parents complete a self-administered
questionnaire on a tablet computer and children complete
a short diet and activity questionnaire administered by a
BiB Research Assistant. A subsample of parents are asked
to complete additional, optional questionnaire ‘modules’
(see Table 1 and Additional File 2).

Samples and measurements: We measure height,
weight, subscapular and triceps skinfold thickness, waist
circumference, bioimpedence, BP and pulse rate, take
(non-fasting) blood samples (buccal swabs in those who
do not provide a blood sample). We complete DEXA
scans and collect urine in subsamples (Table 1 and Add-
itional File 3). Assessments are completed by trained
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staff following standard operating procedures. We pro-
vide the option for participants to receive feedback on
some of their results and letters for participants to take
to their GP if any results could have clinical implications
(see Additional Files 4 and 5 for examples of leaflets).

B) School-based measurements on BiB children

BiB children who attend a primary school within the
Bradford Metropolitan District Council area (141
schools) and are in school years 3—6 (age 7—11 years) are
eligible to take part in these assessments. We expect to
obtain measurements from at least 90% of BiB children
attending Bradford primary schools (total # = 11,711), an
estimate based on previous work [47]. Information and
consent forms for measurements in school are posted to
the home address of eligible BiB families and are also
provided via school.

For anthropometric (height, weight, skinfold, bioimpe-
dance) and BP measurements, parents are sent an opt-out
consent form (consistent with the consent process used
for the National Child Measurement Programme, NCMP)
. For the accelerometry and blood samples, parents pro-
vide opt-in consent by completing and signing a consent
form for their child which is either returned via a freepost
envelope or the child’s school. Prior to each component of
the child’s assessment, we ensure that they are comfort-
able and happy for the measure/sample to be taken.
School nurse teams collect height, weight, skinfold thick-
ness (subscapular, triceps), systolic and diastolic BP and
bioimpedance, using standard operating procedures. Since
2018, trained BiB Research Assistants work alongside the
school nurse team to administer accelerometers and a
child-completed diet and activity questionnaire and take a
non-fasting blood sample. It is currently too early to pre-
dict the response proportion to these measurements.

C) School-based cognitive and wellbeing assessments in
all children

In this arm only, we conduct assessments with the whole
class (including children who are in BiB and children who
are not part of the study) at the request of teachers in the
included schools. Data are collected in three academic
school years (3—6, covering ages 7—11 years) in 90 primary
schools that have high numbers of BiB participants attend-
ing them. Over 24,000 children are eligible to participate,
with ~ 9000 of these being BiB children. After schools agree
to take part, they provide information sheets and consent
forms to parents; parents provide ‘opt-out’ consent.

A team of trained research assistants administer standar-
dised assessments of sensorimotor control [48], working
memory, processing speed and inhibition via tablet com-
puters (further information is provided in Additional File 6)
. Children also complete an online questionnaire (‘me and
my life’) which assesses aspects of child wellbeing (see


https://borninbradford.nhs.uk/research/documents-data/
https://borninbradford.nhs.uk/research/documents-data/

Page 7 of 12

(2019) 19:939

Bird et al. BMC Public Health

Ajuo djdwesqns 104 . *Ajuo uonduny jeuas uo Apnis-qns ul uaIpjiyd o 3jdwesqgns
104, ‘uayey g o3 ajdwes poojq e juem Jou saop juedpipied Ji uondo ue se pasyO  ueubaId ale oym uSWOM BUIPNPXT , “(SIUSWISSsse Alljigel|d) pue |013uod Aljenb ur asn 10j Pa1d3]|0d 3k sluBWAINSEIW Jeadal
2WOs) JUBWNIAI 3siwndo pue ANjiqixaly 9pIAoid 0} ‘dwil U Je e1ep 133||03 AISOW dM SIUBWINSEIW P3SBY-O0YDS JO SJUBWISSISSE A|iey Paseq-AHuNWIWOD JaYId Ul P3Id3]|0d 3¢ Ued SWwal elep aI3YM , .STLON

X (INO1ABYSQ P|IYD) SJIBUUONSIND SSNNHQ Pue syibuang
JRyoes|

X ¢ Ueds yx3d

X , dldwes auun

X X ¢ gems [eddNng Jo (Bbunsej-uou) ajdwes poojg

X A112UI0I3[90DY

X X 91el 9s|nd pue ainssaid poolg

X X aouepadwiolg

X 9DUIJUWINDIID ISIeAN

X X plojupys sdaowy pue seindedsgng

X X UISTENY

X X 1ybroH

X (UIW OF DUWI]) JUDWSSSSe JOJOWILOSUSS puUB dAINUB0D paspaindwod pals|dwod-pliyd

(11p ‘Auninoe jeaisAyd

X X JO SIUBUIULISISP INOIABYSQ AIRIUSPaS pue ALANDE [eDIsAyd [S9pN|aul “UIW Qg :DWi|) aJleuuonsanb Alande pue 131Q

(uoneinyndoe pue suonelidse ‘solydesbowsp ‘pooyinogybiau ‘jooyds ‘Bulk|ing pue spusiy

X ‘Ajiuley ‘Buiagom [euaew ‘yieay pue ssauiddey :sapnjpul “uiw G| :DWi]) aJleuuonsanb a1 Aw pue s,
ua1piy>d

X . ueds (yx3q) Answondiosge Ael-x |eng

X ¢ Gems [eadng 1o (bunsey) ojdwes poojg

X 91el 3s|nd pue ainssaid poolg

X . duspadwiolg

X 9DURIJUWINDIID ISIeAN

X plojups sdadiiy pue Jejndedsgng

X YBram

X 1yb1oH

X (INO1ARYSQ P|IYD) SJIBUUONSIND S9N Pue syibuans

( saibsayje pjiyd ‘. Bunuaied ' 381p ‘uoneIN}NdE ‘BuISg||oM [EUOOWS-01D0S ‘JuaWdolPASP pue yijeay

pIYd “INoIARYSG Aleluspas pue AllAiDe [edisAyd ‘sinolaeyaq yijeay pue yijeay juaied ‘sadueiswndip

X JILOUOII0ID0S ‘pooyInogybiau pue awoy ‘so1ydeibouwap SapnPuUl “UIW Of :DWI]) S4euUonsanb ualed
Sjualed

| UsIpiyo gig ul

SIUBWISS3SSE BUISG||9M PUB JOJOWLOSUSS  SJUSWRINSEIW | SIUBWISSasSe Ajiuey
'9AIUBOD SSBD 9]OYM PIseg-lo0ydS  PISEq-o0YDS  PaSeg-ANUNUILLIOD)

S2IUAIIDR UOND3(|0d e1ep dN-MOj[0) gig JO MIIAIRAQ L 3]geL



Bird et al. BMC Public Health (2019) 19:939

Table 1). Teachers complete an assessment of each child’s
behaviour and socio-emotional development using the
Strengths and Difficulties Questionnaire (SDQ) [49].

Teachers are provided with a 1 page summary of
cognitive assessment results for each child in their class,
with a visual summary of results showing the child’s
capability relative to other Bradford children in their age
group (see Additional File 7).

Sample size considerations

Our goal is to obtain as high a follow-up rate as possible
of our original cohort to maximize the value of our
resource. Based on our previous experience we have esti-
mated a 70% response rate, thus we hope to reach at least
9000 of the 13,354 currently active children in the cohort,
8400 mothers, and increase the number of fathers and
partners in the cohort to 5000. Based on previous experi-
ence we also anticipated that this would not mean these
numbers all had complete data. Numbers with blood sam-
ples and valid accelerometer data would likely be lower
than those with weight and height, for example. Table 2
shows example calculations of minimal effect sizes based
on this previous experience. For all calculations we pro-
vided minimal effect estimates for a pre-specified sample
size in two ethnic groups. For some of these analyses the
groups are White British and Pakistani participants (i.e.
the two largest most homogenous groups) for others they
are White European and South Asian. The rationale for
presenting estimates in different subgroups is that previ-
ous publications using existing (e.g. baseline) data from
BiB have compared associations between either White
British and Pakistani (see for e.g. [4, 5, 17]) or White Euro-
pean and South Asian (e.g. [19]) and the objectives dem-
onstrate that future studies are also likely to compare
these groups. BiB has been, and will continue to be, used
for research questions where the primary aim is not con-
cerned with ethnic differences; statistical efficiency when
all ethnic groups are combined in analyses will be greater
and the minimal effect sizes possible to estimate smaller
than those presented in Table 2. We have used known
numbers where data exist (e.g. for birth characteristics)
and conservative estimates where data are still being col-
lected. For objective 2 we have determined the minimum
effect size detectable with our given / estimated sample
sizes to detect, with 85% power, a two-sided p-value of
<0.01 and also of <0.0001 because of multiple testing with
omics data in this objective. Outcomes for most questions
in objective 2 are continuously measured variables and
this is reflected in power calculations, which give the min-
imal difference in outcome means reported in standard
deviation (SD) units per SD/category of exposure. For ob-
jective 1 most outcomes are binary and for objective 3 a
mixture of continuous and binary. There are potentially
fewer problems with multiple comparisons in these
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objectives, given the focus on testing existing theoretical
models. For these, minimal effect sizes are presented as
relative risks or difference in mean (SD units) per SD/cat-
egory of exposures for a two-sided p-value of <0.05 with
85% power. Table 2 illustrates that we are likely to be able
to detect minimal effects of clinical/public health rele-
vance. For detecting differences in effect between two eth-
nic groups in additive models (i.e. differences in
differences in means or in absolute risk for binary out-
comes), even restricting these to the smaller groups of
White British and Pakistani, we have 80% power at a p-
value of 0.05 to detect a minimum effect difference of at
least 0.20 SD between groups with continuous outcomes
and at least 0.15 difference in absolute risk effects for bin-
ary outcomes. For most binary outcomes assessed in
multiplicative models we would have 80% power at a p-
value of 0.05 to detect at least 25% difference in relative
risk effects between the two ethnic groups.

Quality assurance and language

All data collection is administered or undertaken by
trained staff using standard operating procedures. Staff
collecting data receive training in information governance
and safeguarding as well as the assessments/data collec-
tion they are responsible for. We have regular training
updates and observation of data collection with feedback
as appropriate.

During development of materials we conducted inter-
views and focus groups to ensure that materials are easy
to understand and appropriate for our participants. We
conducted eight parent focus groups to obtain feedback
on the information sheets and to understand parents’
preferences on feedback of research findings. Question-
naires were tested prior to recruitment using think aloud
interviews [50]. We interviewed seven parents and over 20
children as they completed draft questionnaires to check
understanding of the questions and appropriateness of
response options and reworded questions as required.

At baseline, 82% of questionnaires were completed in
English, 13% in Urdu, 5% in Mirpuri and 1% in other lan-
guages. In the age 7—11 years follow-up we offer question-
naires in English and Urdu and members of the research
team speak English, Urdu and Mirpuri. For other
languages we work with interpreters to ensure no families
are excluded. For the school-based assessments materials
are provided in English only as the majority of Bradford
primary school children have adequate English skills to
understand our study materials. If children have difficul-
ties, research assistants or teachers help with translation
and record any assistance that they provide.

Ethical approval
Ethical approval has been obtained from the National
Health Service Health Research Authority Yorkshire and
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the Humber (Bradford Leeds) Research Ethics Commit-
tee for the community-based family assessments and
school-based measures (reference: 16/YH/0320) and the
school-based cognitive and wellbeing assessments (refer-
ence: 16/YH/0062).

Discussion

The UK has a long history of successful birth/pregnancy
cohort studies that have provided a wealth of knowledge
in social and health sciences [51]. BiB is one of the latest
in this lineage. Its particular importance lies in its com-
position and setting, covering a multi-ethnic population
that has high rates of deprivation. This is the first compre-
hensive follow up of all families since its inception. It
provides the opportunity to contact the children and their
parents at a formative stage in their lives — the primary
school years - and collect further detailed information
about the health, social circumstances and lifestyle charac-
teristics of children living and growing up in Bradford.

BiB is an applied research programme and one of the
main goals of the study has been to promote translation of
research into practice. Central to achieving this goal has
been the success in embedding BiB research assessments
into mainstream health (for example, using the NCMP
programme as a vehicle for efficiently collecting additional
blood pressure assessments) and education practice (for ex-
ample, incorporating whole school assessments of cognitive
and sensorimotor development, and wellbeing). Fostering
close links with the schools has provided an accessible and
efficient network of recruitment centres, and is proving to
be a particularly successful approach to follow-up. As well
as promoting collective responsibility for the success of the
BiB project, our collaborative approach has also increased
receptiveness to the evidence that emerges from BiB.

This inclusive approach is in line with our longer term
ambition to establish a ‘city of research’ which unites our
multiple cohorts [1, 52] with citizen science, city-wide
linked datasets, intervention research and policy engage-
ment. As a result of close integration of our research with
organisations within the city, BiB and partners have been
able to attract additional investment into the city to imple-
ment and evaluate evidence based interventions to improve
health outcomes including ‘Better Start Bradford’ [53], a
Sport England funded local delivery pilot [54] and the De-
partment for Education Bradford Opportunity Area [55].
This reflects a whole system approach to improving health
and well-being and reducing inequalities in Bradford.

We have faced a number of challenges in organizing the
follow-up of the whole BiB cohort. A central challenge is
the balance of collecting a wide range of relevant data
whilst minimizing participant burden and inconvenience.
We have responded to pilot feedback by reducing the core
questions in our child and parent questionnaires and by
providing flexibility in appointment times and settings. To
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improve efficiency of data collection, analysis and feed-
back we use an electronic interface and online data entry,
but connectivity has been challenging and we have had to
use paper collection when online entry has not been
possible.

Since its inception we have viewed BiB as a resource for
the international research community and detailed data
dictionaries and guidance on how to access BiB data are
available on our website: https://borninbradford.nhs.uk/
research/how-to-access-data/. The follow-up data that we
are currently collecting will be merged with existing data
and be similarly made available.

Our follow up assessments will enrich our BiB dataset
and enable us to contribute important new evidence about
the determinants of social and emotional well-being, cog-
nitive development and cardiometabolic health. We plan
to apply this knowledge to develop novel interventions to
tackle upstream and early life causes of ill-health and
inequality. It is one method (of several) that we are using
to catalyze our ‘city of research’ concept to promote health
and wellbeing by translating evidence into practice and
empowering communities, health and public health pro-
fessionals, community and voluntary groups, educational-
ists and researchers to work in partnership to discover
how best to improve lives for our city inhabitants.

Endnotes

"Note these numbers differ slightly from our Cohort
Profile [1] due to a small number of additional recruit-
ments and further cataloging and ‘cleaning’ of data after
publication of that profile

Additional files

Additional File 1: Summary of existing data by participant group. Table
summarising existing data available for the Born in Bradford cohort (PDF
283 kb)

Additional File 2: Overview of questionnaire domains and sources.
Three tables summarising questionnaire domains and sources using in
the Born in Bradford age 7-11 assessments (PDF 336 kb)

Additional File 3: Procedures for child and adult measurements and
samples. Table summarising procedures for child and adult
measurements and samples (PDF 193 kb)

Additional File 4: Adult feedback leaflet. Adult Participant feedback
leaflet (PDF 1431 kb)

Additional File 5: Child feedback leaflet. Child Participant feedback
leaflet (PDF 6015 kb)

Additional File 6: Further information on Primary School Years
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Additional File 7: Example of Child assessment feedback summary for
teachers. Image of child assessment feedback summary for teachers (PDF
192 kb)
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