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Abstract

Background: Lifestyle and health behaviours are strongly linked to non-communicable disease risk, but modifying them
is challenging. There is an increasing recognition that adolescence is an important time for lifestyle and health behaviours
to become embedded. Improving these behaviours in adolescents is important not only for their own health but also for
that of their future children. LifeLab Southampton has been developed as a purpose-built classroom and laboratory in
University Hospital Southampton. Secondary school students visit LifelLab to learn how childhood, adolescent and
parental nutrition influences health, understand the impact of their lifestyle on their cardiovascular and metabolic health,
and to inspire them with the excitement of research and future career possibilities in science. The Lifelab visit is part of a
programme of work linked to the English National Curriculum. Pilot work has indicated that attitudes towards health can
be changed by such LifeLab sessions.

Methods/Design: A cluster randomised controlled trial is being conducted to evaluate the effectiveness of the LifeLab
intervention, the primary outcome being a measurement of the change in nutrition, health and lifestyle literacy from
before to after the LifeLab intervention.

The LifeLab intervention comprises professional development for the teachers involved; preparatory lessons for the school
students, delivered in school; a hands-on practical day at Lifelab, including a ‘Meet the Scientist’ session; post-visit lessons
delivered in school; and the opportunity to participate in the annual LifeL.ab Schools’ Conference. This study aims to
recruit approximately 2,500 secondary school students aged 13 to 14 years from 32 schools (the clusters) from
Southampton and neighbouring areas. Participating schools will be randomised to control or intervention groups. The
intervention will be run over two academic school years, with baseline questionnaire data collected from students at
participating schools at the start of the academic year and follow- up questionnaire data collected approximately 12
months later.

Trial registration: Evaluation of Lifelab is a cluster randomised controlled trial (ISRCTN71951436, registered 25 March
2015), funded by the British Heart Foundation (PG/14/33/30827).
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Background
There is a growing agenda for the promotion of a
healthy lifestyle in young people for the reduction in the
risk of cardiovascular and other non-communicable dis-
eases [1-4]. Non-communicable diseases (NCDs) place a
heavy burden on society and on hospital and
community-health services; their prevention not only
benefits the individuals at risk, but reduces the pressure
on limited health resources. Our research in Southamp-
ton has focused on the processes by which the develop-
mental environment affects later risk of ill health such
as obesity or NCDs. The insights from this research are
highly relevant to today’s society, because they raise is-
sues about personal choice, responsibility for health and
the need for better informed decisions about diet, life-
style and the ethical dilemmas faced by technological so-
cieties. The Shanghai Declaration of the Worldwide
Universities Network, led by the University of South-
ampton and prepared at the request of the World Health
Organisation ahead of the 2011 United Nations high-
level meeting of the General Assembly on the prevention
and control of non-communicable diseases (NCDs), con-
cluded that ‘Particular attention should be paid to both
population- and individual-based approaches to increase
access to education, to promote health literacy in chil-
dren, adolescents and parents, ... to both reduce the
burden of NCDs and provide other benefits’ [2] and The
Lancet Series on Adolescent Health [5] states that the
‘Strongest determinants of adolescent health are national
wealth, income inequality and access to education’.
There are great inequalities in dietary quality and the
adoption of healthy lifestyles in the UK. Southampton is
a relatively deprived city in the South of England, and it
falls in the 25 % most deprived local authorities in Eng-
land and Wales. The Southampton Women’s Survey
(SWS) is an ongoing, prospective cohort study which
started in 1998 to assess preconception characteristics of
a general population sample of young women and to in-
vestigate a wide range of maternal influences on preg-
nancy outcomes and child health. A detailed description
of the rationale, study design and protocol has been pub-
lished elsewhere [6]. Dietary data from the SWS [6] were
analysed using principal components analysis. The first
component of the analysis of the women’s data can be
interpreted as a ‘prudent’ diet score: this score summa-
rises the degree to which each woman complies with a
prudent/healthful dietary pattern, characterised by high
intakes of fruit, vegetables, whole grain, fish and poultry
[7]. This pattern has been found to be positively associ-
ated with micronutrient intake [7] and negatively associ-
ated with saturated fat intake [8]. A striking finding
from the SWS is the strong and graded relationship be-
tween women’s educational attainment and their pru-
dent diet score, showing for example that among
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women who left school with no educational qualifica-
tions, 55 % had a prudent diet score in the lowest quar-
ter of the distribution in contrast to only 3 % of those
women with degree level qualifications [9]. Analysis of
other lifestyle data from the SWS has also shown great
differences across the population, with higher levels of
obesity and smoking and lower levels of physical activity
in the most disadvantaged areas of the City [10].

In Southampton, we have shown that women change
their diets and lifestyles only marginally when planning a
pregnancy and during pregnancy itself [11, 12], and thus
lifestyles adopted earlier in life have long-term conse-
quences both for women themselves and for their chil-
dren. Importantly, dietary patterns established by
women before they become pregnant [13, 14] are
strongly associated with the way in which they feed their
children in infancy and childhood, and in turn with the
health and development of the child [15-17]. Women’s
diets, however, are also influenced by their partners, and
fathers play an important role in determining the diet
and lifestyle of the family [18], which reflects on their
own cardiovascular health too.

The effects of a woman’s diet and general health as
she embarks on pregnancy can have profound and last-
ing effects on both early development and the lifelong
health of her children [19-23]. Specifically, unhealthy
lifestyles in mothers, including unbalanced diets, un-
healthy body composition, excessive stress and low levels
of physical activity, have been associated with increased
risks in their children in later life of heart disease, dia-
betes, poor respiratory health and osteoporosis [24, 25].
A recent review of six European studies concluded that
interventions are needed before, as well as during, preg-
nancy to improve the diets of families with young chil-
dren [26].

Health literacy is considered as ‘a means to enabling
individuals to exert greater control over their health and
the range of personal, social and environmental determi-
nants of health’ [27]. This view of health literacy takes
into account the important role of educating individuals
about their health and enabling them to develop the crit-
ical and evaluative thinking skills required to make in-
formed health-related decisions, and develop healthy
behaviours which are sustained across their lifetime [28].
The development of such critical thinking skills and the
ability to consider and weigh evidence are part of core
scientific practices and one of the advantages that sci-
ence education has to offer to the general education of
young individuals [29].

We aim to promote health literacy through science
education. Science education is important not only be-
cause it provides the basis for the development of future
scientists but also because it can sustain and improve
the scientific literacy of the wider population [30].
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Scientific literacy describes both the ability to under-
stand scientific content and the ability to engage in crit-
ical evaluation and discussions about scientific issues as
these present themselves in everyday life [31]. Know-
ledge of scientific principles, especially those related to
human biology, critical thinking dispositions and the
ability to make informed decisions about science related
issues, are attributes closely linked to health literacy.

The evidence points to a need to improve health and
nutrition literacy to promote healthy lifestyles in young
people in order to prevent cardiovascular disease in
them and in their children and to reduce health inequal-
ities. Part of the solution to these problems lies in educa-
tion. We have undertaken a systematic review of
approaches to behaviour change interventions, and it is
clear that successful interventions include educational
components [32]; education can change attitudes, alter
health-related behaviours and increase health literacy in
young people [33, 34].

Interventions targeting teenagers have a double advan-
tage. During adolescence health behaviours are being de-
veloped and established, and improving them at this age
should lower the risks of later chronic disease. Addition-
ally, however, such improvements in health behaviours
would enable them to be better prepared when they em-
bark on having their own children.

Interventions with groups of school classes have been
shown to play a key role in helping to prevent the adop-
tion of high-risk health-related behaviours [35]. These
considerations have led us to collaborate with schools in
Southampton and Hampshire to develop a classroom
project, LifeLab, embedded within the new Southampton
Centre for Biomedical Research (SCBR) at UHS. As
many young people have never been inside a hospital or
visited a research laboratory, such an experience can
make a great impression. Indeed, learning outside the
classroom has been recognised as often providing the
most memorable learning, with experiences that are re-
membered into adulthood and affect behaviour, lifestyle
and work [36—-40].

The theme of LifeLab is Me, My Health & My Chil-
dren’s Health. The teaching programme is tailored to
reach students of all abilities and is primarily aimed at
secondary school students aged 13-14 years. It includes
professional development for all teachers involved in the
project, a series of before and after lessons delivered in
school and a hands-on practical activity day in the Life-
Lab facility. The school lessons are explicitly linked to
the UK National Curriculum and embed the messages of
the LifeLab visit. During the LifeLab activity day, stu-
dents have opportunities to carry out hands on practical
activities designed to build on the lessons they have been
taught in school. The programme also has scope for
training teenagers in cardio-pulmonary resuscitation
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(CPR) techniques, enabling them to play a part in redu-
cing cardiovascular mortality and also providing strong
messages about the consequences of failure to prevent
cardiovascular disease. Pilot work showed that participa-
tion in a science programme focusing on health, and ex-
periencing learning within a hospital-based classroom
had a positive influence on teenagers’ awareness of the
importance of making healthy lifestyle choices [37]. Cur-
rently, a small scale evaluation of the LifeLab interven-
tion is being undertaken in six schools. However, as
LifeLab is an intervention to improve knowledge, atti-
tudes and behaviour in young people from across soci-
ety, a large-scale cluster randomised control trial is now
being conducted. While our particular focus is on the
prevention of cardiovascular disease and other NCDs
this type of educational approach needs to be fully
assessed to see if does have an impact on the health be-
haviours of young people.

Aim

The aim of this cluster randomised controlled trial is to
evaluate whether an educational intervention in the form
of LifeLab targeting teenagers improves the following in
the teenagers:

. nutrition, health and lifestyle literacy.

. ability to use CPR techniques.

. health behaviours with respect to diet and lifestyle.

. understanding of the long-term influences of their
health behaviours on their subsequent health and
that of their future children.

5. self-efficacy in relation to diet and lifestyle.

6. engagement with science (intention to study science

post GCSE/ pursue a career in a science-related job).

=W N

Methods/Design

Trial design

The target population for the evaluation is the state sec-
ondary schools in Southampton and surrounding areas.
We propose to evaluate LifeLab through a cluster rando-
mised control trial, recruiting Year 9 students (aged 13
to 14 years) from 32 state secondary schools/academies
(approximately 2,500 students) to take part in the pro-
ject. Each school will be randomly allocated to either
‘control’ or ‘intervention’ status. During year 1 (school
year 2014—15) we aim to recruit 16 schools; eight will
therefore be intervention schools and their Year 9 stu-
dents will take part in the LifeLab programme, whereas
the other eight schools will form the control group. Dur-
ing year 2 (school year 2015-2016), this process will be
repeated. Schools that are randomised to the control arm
of this intervention will be invited to attend LifeLab in the
academic year following the year they contribute to the
control group. Questionnaires will be administered to
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control and intervention students after recruitment (base-
line questionnaires) and again approximately 12 months
after the baseline questionnaires were completed. There
may be some small loss to follow-up due to children mov-
ing schools during the school year, but we do not antici-
pate this having major impact; in our current small-scale
trial, at the 12-month follow-up, 2 % of the students were
unavailable to participate due to moving schools. We em-
phasise in our discussions with schools during the recruit-
ment phase the need to track the students over the length
of the trial and ask that schools provide us with the new
school details for those students who have left. We will
then contact the new schools to request permission to
work with those students who have moved. Good working
relationships with the schools have been developed over
many years and should assist in minimising any dropout
at the school level. The Heads of Science of all the South-
ampton and many Hampshire secondary schools are en-
thused by LifeLab and are committed to it. They have
been involved from a very early stage and have always
been keen for their students to take part in our taster and
pilot activities. We envisage good take-up within the
schools and do not foresee recruitment difficulties. We
appreciate that the control schools may wish to receive
the intervention straight away, but all control schools are
offered participation in the following year. The flow of the
trial is shown in the CONSORT diagram in Fig. 1.

Recruitment

Schools will be recruited through presentations at the
Secondary Heads of Science forum meetings, building
on previous excellent working relationships. All second-
ary state schools/academies are eligible for participation.
We exclude participation of independent, grammar and
special schools, as the population of students would be
more selective and could potentially bias the results of
the trial. The main approach will be through recruitment
letters and phone calls to both the Head of Science and
Head Teacher at all schools throughout our target re-
gion. The recruitment pack includes a letter of agree-
ment which the Head Teacher is required to sign, and
upon receipt of this letter a further meeting will be ar-
ranged with the Head of Science and a member of the
Senior Leadership Team. At this meeting, the require-
ments of signing up to the randomised controlled trial
will be clarified and the expectations of the school as ei-
ther an intervention or a control school will be fully ex-
plained. It will also be an opportunity for the school to
ask questions around implementation of the intervention
for forward planning on their behalf. Schools are asked
to allocate a minimum of three classes to participate in
the trial (approximately 90 pupils), and we ask that these
are their ‘middle ability’ students. As the teaching
programme is planned for this age range and is
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differentiated for ability, there are no exclusion criteria
for pupils. For pupils who may require more input (for
example, English as a second language), we provide sup-
port for schools in planning the provision. This is dis-
cussed at the teachers’ professional development day.
Schools will already have provisions in place for these
students, and so it is a matter of ensuring that the Life-
Lab materials are accessible by all students who will be
likely to participate in each school. Following this meet-
ing, if the school is still happy to participate it will be
put through to the randomisation phase.

Randomisation procedure

Groups of recruited schools will be randomised in
blocks of even numbers. Recruiting schools is an on-
going process and the smallest block size will be two,
such that once a pair of schools is recruited, and if
others are unlikely to be recruited soon, the pair will be
randomised. Where possible, the block size will be lar-
ger. Once at least two schools have been recruited and
the Head Teachers' letters returned, the schools are
numbered and documented and dated. The randomisa-
tion is then conducted off-site by a statistician at the
MRC Lifecourse Epidemiology Unit using computer-
generated sequences, with no knowledge of the schools
in question. Prior to randomisation, no matching of
schools takes place. Schools require the information
about their status in a timely fashion in order to plan
their curriculum/allocate staff and resources in advance.
Schools are recruited throughout the year, and it would
be difficult to match schools by exact criteria. We are
recruiting from a large area and a major consideration
when calculating the numbers of schools necessary to
recruit was to ensure a wide representation of schools/
pupils.

Ethics approval and research governance

The study has been approved by the research ethics com-
mittee in the Southampton Education School, Faculty of
Social and Human Sciences, University of Southampton
(ERG reference: 12328). The study is funded by the British
Heart Foundation (PG/14/33/30827) and has been regis-
tered on the ISRCTN database (ISRCTN71951436, regis-
tered 25 March 2015). The research sponsor is the
University of Southampton. The LifeLab Directors provide
oversight of the trial, acting as a trial steering committee,
with reference to the LifeLab External Liaison Group for
scrutiny.

Consent

Participant information sheets are sent with the initial
recruitment pack to potential schools. Once the school
has agreed to participate and signed the agreement letter
and following the randomisation process, parent and
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pupil information sheets are provided for the schools to
disseminate to pupils and parents directly. Two versions
of the information sheets have been produced - depend-
ing on whether the school is part of the ‘intervention’ or
‘control’ arm of the trial. Parents are provided with con-
tact details of the research team in case they have ques-
tions about the LifeLab programme and associated
research trial.

For the intervention schools, consent will be opt-in
and collected prior to any research data being collected.
For the control schools, consent will be opt-out. While
not ideal, discussions with schools around this have been
carried out, and the request from schools was that an

‘opt-out’ pathway was followed as this would place less
of a burden on the control schools. Parent/pupil infor-
mation sheets will be sent home, and parents who do
not want their children to take part in the research ques-
tionnaires will be required to return the form indicating
this.

In all cases, pupil assent is built into the questionnaire
and, at any point, a pupil or parent can request that their
information be withdrawn.

The intervention
The proposed intervention comprises the following:
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1. Professional development for the teachers.

2. A 2 to 3 week module of work [41] for use with Year
9 school students (13 to 14 year olds), linked to the
UK National Curriculum encompassing both before
and after lessons to be delivered in school.

3. A hands-on practical day visit to LifeLab in the
Southampton Centre for Biomedical Research at
University Hospital Southampton, held part way
through the module.

The materials for the work in school have been
produced [41] and continue to be developed, and the
activities for the LifeLab visit have been tested in our
pilot work. Students will have opportunities to experi-
ence a variety of ways to measure health: assessing
carotid artery blood flow and structure using ultra-
sound, measuring body composition, performing lung
function tests, training in CPR and testing grip
strength and flexibility. They are also able to extract
their own DNA and carry out gel electrophoresis ex-
periments that illustrate how a healthy diet can in-
duce epigenetic changes that alter DNA structure and
are passed from parents to offspring, with implications for
cardiovascular and lifelong health for themselves and their
children. Health messages are linked to the hands-on
practical activities at LifeLab and to the school-based ac-
tivities, to ensure that the teenagers understand the long-
term implications of their current diet and lifestyle on
their cardiovascular health.

Outcome measurements

Our primary outcome is a measure of nutrition,
health and lifestyle literacy based on the critical nutri-
tion literacy scale developed by Guttersrud et al. [42],
adapted for use by teenagers and supplemented with
broader lifestyle questions. Secondary outcomes will
be the students’ understanding of influences on their
cardiovascular health and that of their subsequent
children, their health behaviours such as dietary pat-
terns [43], physical activity, their self-efficacy scores
in relation to diet and lifestyle and their intent to
continue studying science post-GCSE/seek a career in
a science-related job. Summary statistics at the school
level will be obtained. Information on the resources
required to provide LifeLab will be obtained. Out-
come measures are collected in schools using web-
based questionnaires. The LifeLab team provides sup-
port to the teachers to administer the process, but
the students complete the questionnaires independ-
ently on their computers. A written script is used in
all schools to explain the process to the students to
ensure consistency across all schools, both control
and intervention (please see Additional file 1).
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Data management

Questionnaire data will be collected via a website-based
questionnaire (hosted by the University of Southamp-
ton). These data will be downloaded via a dedicated
computer and stored on a University server. All data will
be kept in accordance with the Data Protection Act,
University of Southampton Data protection policy and
in accordance with the protocols of the MRC Lifecourse
Epidemiology Unit. It will be stored in password-
protected areas on computer by the research team and
only accessible by them. Data will be stored in Access
databases and analyses conducted in Stata and SPSS.
The data will be managed with support from the data
management staff of the MRC Lifecourse Epidemiology
Unit, which has extensive data management expertise
and houses data from more than 200 studies.

Identifying information will be collected about partici-
pants, purely for the purposes of matching pre- and
post-questionnaires. All identifying data will be removed
from the rest of the data after linkage is complete and
will be stored separately. It will only be kept in case
there is future research in which a follow-up is planned.

Process evaluation

The intervention will be accompanied by a full and de-
tailed process evaluation to include assessment of the
context, fidelity, implementation and reach of the inter-
vention, and barriers to implementation [44, 45]. It will
include an assessment of contamination of control
schools where science teachers have moved from inter-
vention schools. Oversight of the process evaluation will
be led by a health psychologist (MB) who has extensive
experience in the field of process evaluation and was in-
volved in the recent MRC publication of guidelines for
process evaluation [46]. She is independent from the im-
plementation of the intervention and so can provide an
unbiased oversight. An education researcher (AC) will
be responsible for conducting observations in schools to
ensure fidelity to the teaching programme and whilst
she is involved in the professional development for the
school teachers, in order to establish a credible relation-
ship with the education community, she is independent
of the implementation of the intervention from that
point onwards.

Statistical analyses

We will perform an intention-to-treat analysis using
multi-level models for the quantitative data. Specifically,
random effects models will be used to take account of
the clustered nature of our data. Multi-level logistic (for
rare outcomes) or Poisson regression models with robust
variance (for more common outcomes) will be used for
binary outcome variables and multi-level linear regres-
sion for continuous measures. The number of clusters is
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relatively small, and summary analyses will be conducted
at school level, not least as this will allow us to feedback
school-level data to the schools that have been involved
in the trial. Our endpoint will be the results of a 12-
month follow-up with adjustment for baseline responses
included in the modelling.

Planned subgroup analyses would focus on whether
there are different effects for boys and girls. We will ana-
lyse the uptake of LifeLab in different ethnic groups and
in those who are more disadvantaged. Compliance will
also be assessed in relation to various confounding fac-
tors to assess the bias associated with the different con-
sent procedures imposed on us by the schools for the
intervention and control groups. Sensitivity analyses will
be conducted as appropriate using sampling from the
intervention arm to try to account for this bias. In prac-
tice, during our pilot work, as schools do not want chil-
dren remaining in school when the rest of the class is
out on a trip, very few children are not included in the
intervention arm, and thus we are confident that there is
likely to be little difference in response rates between
the two arms of the trial.

Financial evaluation

These data will be combined with appropriate unit cost
data to estimate the costs of LifeLab. We will use the
health and nutrition literacy score as the outcome meas-
ure in a cost-effectiveness analysis and will estimate the
cost per unit change in this score. These data will be im-
portant in determining the level of support needed to
sustain LifeLab on a longer term basis.

Power calculations

Using data on behaviour (z-scores), validated in our pre-
vious research in young adults in and around Southamp-
ton [43], we have estimated an intra-class correlation of
0.035, but to be conservative we have rounded this up to
0.04. We propose to sample three Year 9 (aged 13 to 14
years) classes from each school, averaging 90 students
from each school. Using 90 as our cluster size we esti-
mate that with 14 clusters in each group, we will have
80 % power at the 5 % level of significance to detect a
difference in change in our primary outcome score of
0.25 SDs from the beginning to end of the school year
between the intervention and control schools. Compar-
able effect sizes have been considered in other health
interventions as being meaningful in terms of the impact
on health behaviours, and our level of 0.25 SDs falls
in the mid-range of effect sizes reported in a meta-
synthesis of meta-analyses of behaviour change interven-
tions in the general population [47]. As described above,
we will study 32 year groups, thus allowing some leeway
for dropouts. To minimise loss of pupils to follow-up,
we will request class lists for each participating class
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(both from the intervention and control schools), so that
missing participants at each stage of the follow-up can
be identified and asked to complete the questionnaires.

Discussion

A formal assessment of LifeLab would show the value of
the programme in educating teenagers about their car-
diovascular health and about the value of science. It
would point to ways to improve and develop the LifeLab
concept and identify the activities that have the most
profound effect on the students. If shown to be success-
ful, this would provide the impetus to sustain LifeLab in
Southampton and encourage the development of similar
initiatives in other cities in the UK and around the
world. There are a few projects similar to LifeLab which
have been established in other cities worldwide. The Lig-
gins Institute was at the forefront of this work with
LENScience [48], and Lord Winston established the
Reach Out Lab at Imperial College, which, although a
similar concept offering school students opportunities to
experience science outside of the school environment,
has different aims, focusing on motivating high attaining
children to consider careers in science-related subjects.
Plans are now being developed for laboratories else-
where, similar to LifeLab, including in other countries
such as Australia, South Africa and Ireland.

Improving the diets and lifestyles of young people is
an important route both to reducing NCDs in their later
lives but also improving the health of the next gener-
ation. By targeting children from all backgrounds this
provides a form of societal intervention, such as has re-
cently been advocated as likely to have a greater impact
on cardiovascular disease inequalities than targeting
those at high risk of the disease [49].

Trial status

Recruitment for the RCT has been initiated, and 18
schools have been recruited and have already progressed
through the randomisation phase.

Additional file

[ Additional file 1: Pre-questionnaire script. (PDF 66 kb) ]
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