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Abstract

Worldwide prevalence of childhood and adolescent obesity continues to rise. It warrants
prevention, but finite resources dictate targeted interventions. This research developed and
evaluated an obesity risk algorithm, translated into a questionnaire and risk score to identify

childhood communities at higher risk of obesity by early adolescence.

A systematic review of children’s diet and adiposity outcomes found evidence for 24 potential

predictors of future obesity. 20 predictors, including food and drink intakes and other factors

at 10+ years, were matched to variables in a dataset from a UK birth cohort (Avon Longitudinal
Study of Parents and Children). The data (n =5,486) was randomly split, 75% for derivation of
the algorithm and 25% for internal validation. Purposeful selection of covariates determined a
predictive logistic regression model for adolescent obesity at 13+ years. Predictive metrics

were run. Risk scores were based on B coefficients of the final model in the combined dataset.

Evidence from 14 longitudinal childhood cohorts showed that foods and drinks which
contributed to energy dense dietary patterns, plus some eating habits, health behaviours and
familial factors, were associated with adverse adiposity outcomes.

The final model had 9 predictive variables: Intake of vegetables, milk, dairy foods and
snacks/treats, sugar sweetened beverage frequency, early puberty, mother’s overweight,
child’s body satisfaction and active travel to school.

In the derivation sample the model had good overall predictive ability (Brier score = 0.04),
acceptable discrimination (AUROC = 0.76) and showed potential usefulness (PPV = 10%).

Metrics were similar in the validation sample, showing reproducibility.

The Children’s Obesity Risk Assessment (CORA) is the first predictive model of childhood
obesity known to include detailed measures of diet. The model and risk score require external
validation to demonstrate transportability to different populations. A discriminating and well

calibrated model could help target obesity prevention interventions more effectively.
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Chapter 1 Introduction

1.1 Obesity prevalence and health risks for adults and children

The World Health Organization (WHO) defines overweight and obesity as “abnormal or
excessive fat accumulation that presents a risk to health” (WHO, 2015). The rising prevalence
of obesity and overweight is a public health concern in the United Kingdom (UK) and many
other countries.

Worldwide, obesity has almost tripled since 1975. In most regions of the world, other than
parts of sub-Saharan Africa and Asia, more people have obesity than have underweight. In
2008 over 500 million adults had obesity (WHO, 2015), rising to 650 million or 13% of all adults
by 2016. A further 39% of the World’s adults aged 18 years and above had overweight (WHO,
2020).

In some countries, the prevalence of adult overweight and obesity is even higher. The Health
Survey for England found that in 2017 approximately 29% of adults (27% of men and 30% of
women) were classified as obese, with a body mass index (BMI) of 30kg/m?or above, with
another 35% (40% of men and 31% of women) classified as overweight, with a BMI of 25kg/m?
or above but below 30kg/m? (NHS Digital, 2018). The proportion of adults in England with

overweight or obesity increased with age in both sexes, as illustrated in Figure 1-1 below.

Figure 1-1 Adult overweight and obesity prevalence in England in 2017, by age and sex

Figure 1: Adult overweight and obesity prevalence, by age and

sex
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In adulthood there are well established links between overweight and obesity and risk of ill
health, but for individuals there are varying degrees of cardiometabolic risk even in people
with the same BMI. The highest risk of cardiovascular disease (CVD) is seen in adults with
excess visceral adiposity, which is linked with greater accumulations of lipids in the heart and
the liver (Neeland et al., 2019). Adult obesity is also associated with a higher risk of type 2
diabetes and some cancers (Kopelman, 2007). Such non-communicable diseases (NCD) reduce
longevity and the potential for individuals to be socio-economically active and diminish the
quality of life. Public Health England (PHE) estimated that the cost to the UK economy of
overweight and obesity was £15.8 billion per year in 2007 (PHE, 2015a), rising to £27 billion
per year by 2014/15, including a cost of £6.1 billion to the National Health Service (PHE, 2017).

In 2004 an estimated 10% of the world’s school-aged children had overweight or obesity, with
the highest prevalence (approximately 20 to 30%) of children with overweight in North
America, Europe and parts of the Western Pacific (Lobstein et al., 2004). Since then childhood
overweight and obesity has risen in low and middle income countries, especially in urban
environments. Between 1975 and 2016 it is estimated that the global prevalence of
overweight and obesity among children and adolescents aged 5 to 19 years more than
quadrupled, from 4% to 18%. Of the 340 million school-aged children and adolescents with

overweight or obesity in 2016, more than 124 million were classified as obese. (WHO, 2020).

Since 2006/2007 in England, each year the National Child Measurement Programme (NCMP)
has measured Reception class children (aged 4 to 5 years old) and Year 6 primary school
children (aged 10 to 11 years old) who are attending mainstream state-maintained schools.
For this annual population monitoring exercise, each child’s Body Mass Index (BMI) calculated
from measured height and weight is classified by centile distribution, using the British 1990
growth reference (UK90) (Cole et al., 1995). See Table 1-1 below.

Table 1-1 Children's BMI classification based on UK90, as used by the NCMP

BMI classification Centile of UK90 BMI distribution

Underweight Lessthan orequal to 2nd

Healthy weight Greaterthan 2nd and less than 85th

Overweight Greater than or equal to 85th and less than 95th

Obese Greater than or equal to 95th (obese plus severely obese)
Excess weight Greater than or equal to 85th (overweight plus obese)
Severely obese Greater than or equal to 99 6th
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Data from the latest NCMP in 2018/19 shows that on average over a fifth (22.6%) of children in
Reception class were classified as either overweight (12.9%) or obese (9.7%). (NHSDigital,
2019). Over a third (34.3%) of children in Year 6 were classified as either overweight (14.1%) or
obese (20.2%). A greater proportion of Year 6 boys were classified as obese, compared with

girls, as shown in Figure 1-2.

Figure 1-2 NCMP 2018/2019 Year 6 BMI classifications by sex

BMI classifications, Year 6 in 2018/2019
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When trends in childhood obesity were examined over time by the NCMP, the picture was
mixed. Between 2006/2007 and 2018/2019 overall obesity prevalence in Reception class
children decreased from 9.9% to 9.7%, with downward trends in boys’ excess weight (obesity
and overweight together) but upward tends in girls’ excess weight. In a shorter time frame
between 2009/2010 and 2018/2019 overall obesity prevalence in Year 6 children increased
from 18.7% to 20.2%. The only downward trend in Year 6, when children are on the cusp of

adolescence, was for boys’ overweight prevalence.

Obesity/overweight and obesity-related behaviours have been shown to track from childhood
to adulthood (Craigie et al., 2011). Consequently, adolescents with overweight and obesity
have an increased risk of becoming adults with overweight (Singh et al., 2008). It is thought

that some adult cardiovascular morbidity may originate from childhood obesity, which itself is
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associated with cardiovascular risk factors such as high blood pressure, dyslipidaemia and
insulin resistance (Reilly and Kelly, 2011). Obesity during childhood is also associated with an

increased risk of asthma, musculoskeletal disorders and low self-esteem (Reilly et al., 2003).

Overweight and obesity are physiological consequences of surplus energy stored as fat. Once
established, both childhood and adolescent obesity are resistant to treatment (Mead et al.,
2017) (Al-Khudairy et al., 2017) but overweight and obesity are not inevitable. Faced with the
adverse effects of obesity on children’s health and development and their future well-being in
adulthood, the prevention (rather than the treatment) of childhood obesity has become an
international public health priority. In 2004 the World Health Assembly adopted the WHO
Global Strategy on Diet, Physical Activity and Health. This strategy asks stakeholders to act
locally, regionally and globally to improve diets and patterns of physical activity at the

population level (WHO, 2015).

1.2 Evidence framework for childhood obesity

Childhood obesity can be considered using the evidence framework developed by the
International Obesity Taskforce (IOTF) (Swinburn et al., 2005, Swinburn, 2010) which asks five

sets of questions:

e Should we do something?

e What should we target?

e  Who, how and where should we intervene?
e What could we do?

e What should we do?
To answer each question demands different types of evidence.

The first question is answered by childhood obesity prevalence and upward trends and its
negative impact upon short and long term health: the burden of childhood obesity is clear, and

action is warranted.

The second question is answered by evidence about the determinants of obesity. Obesity
interventions often focus on diet and/or physical activity because they are modifiable,
although the contribution of diet to obesity risk is not fully understood. Dietary patterns
describing the whole diet may be better at explaining or predicting obesity and disease risk
than individual nutrients or foods (Hu, 2002). The interactions between environmental,
behavioural and genetic determinants of excess weight gain are also uncertain (Rennie et al.,
2005) and more socio-cultural research is needed to understand beliefs, attitudes and
practices that may explain the differences in obesity prevalence between countries or sections

4
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of society. For example, why do parents have a limited ability to perceive when their child is

overweight (Jones et al., 2011) and why are they unwilling to acknowledge that it may affect a

child’s adult health (Syrad et al., 2015)?

The third question is about the framework for action. Strategies to reduce obesity prevalence
and its associated diseases range from education and communication to environmental,
infrastructure and policy changes, applied in a variety of settings such as schools, communities,
workplaces, health and commercial sectors. In the widest context “who?” may include policy
makers, company shareholders, health services, schools or any player that influences the
environment or information that shapes behaviour, but in practice “who?” is often a whole

population or a targeted group that is regarded as vulnerable, such as children.

The fourth question is about the efficacy and cost-effectiveness of potential strategies. Much
of the evidence about childhood obesity prevention is from intervention studies, often in
school settings. A Cochrane systematic review of interventions for preventing childhood
obesity that use a controlled study design found evidence of beneficial effects (Waters et al.,
2011). Many of the most promising strategies were applied in school settings, but it was hard
to establish which components were most effective as included studies were often small or of
short duration, with a lot of heterogeneity between studies.

This Cochrane review was later updated (Brown et al., 2019), investigating three times as many
studies (153 vs 55), conducted in child care centres, schools, homes and health care centres or
in community or recreation centres. The updated review found with “moderate certainty”
that combined diet and physical activity interventions reduced the risk of obesity in young
children aged 0 to 5 years while physical activity interventions reduced the risk of obesity in
children aged 6 to 12 years, compared with control groups. In adolescents aged 13 to 18 years
old, physical activity interventions to reduce the risk of obesity also seemed to be effective.
There was weak evidence that dietary interventions alone were beneficial for children age 0 to
5 years. In older children and adolescents there was no evidence that dietary interventions on
their own were helpful for reducing the risk of obesity, but combined diet and physical activity
interventions may be effective in this age group. Brown et al noted that, although the
population-wide clinical significance of modest reductions in childhood obesity risk is hard to
judge, diet and physical behaviours established during childhood are known to track into adult
life. If sustained, even small changes towards healthier diets and increased physical activity in
childhood may yield rewards in terms of healthier weights and other health benefits for adult
populations. The authors concluded that interventions to prevent childhood obesity do not

seem to cause adverse effects (such as weight concerns or eating disorders) and there was no
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evidence that they added to health inequalities, but very few studies looked at costs or cost-

effectiveness. Evidence about cost effectiveness remains scarce.

The fifth question is about setting priorities and selecting appropriate interventions to reduce
the burden of obesity. The IOTF’s recommendation is that “a balanced portfolio of specific,
promising interventions” should be agreed, while acknowledging that this is a challenge,

especially with limited funding.

The IOTF framework shows where more evidence would help in addressing the issue of

childhood obesity and its prevention. Such evidence includes:

e A better understanding of the determinants of obesity, including diet.
e Ways to identify at-risk groups who might benefit from timely obesity prevention
measures.

e Ways to evaluate the effectiveness of obesity prevention interventions.

1.3 Research aims and objectives

1.3.1 Aim

The aim of this research is to develop and internally validate a dietary assessment tool to

identify, at a population level, children who are at risk of obesity during early adolescence.

1.3.2 Objectives

e Identify longitudinal studies that have quantified dietary intake and measured adiposity of
children and adolescents at more than one time and assess their methodological quality.

e Investigate longitudinal associations between childhood diet (food and drink intakes,
dietary patterns and eating habits) and outcomes of overweight and obesity in
adolescence.

e Use the reported evidence as the basis of a dietary assessment tool.

e Develop and internally validate a predictive model using data from a high quality childhood

cohort or cohorts.

1.3.3 Hypothesis

e Diet during childhood predicts overweight and obesity outcomes during adolescence.
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1.3.4 Methods

e Systematically review longitudinal research examining dietary influences on childhood and
adolescent overweight and obesity.

e Examine reported associations between childhood diet and children’s growth/adiposity
over time to determine the key dietary factors that increase or decrease the likelihood of
obesity in adolescence.

e Design a prototype risk questionnaire based on the evidence from the systematic review.
e Using data from an identified high quality childhood cohort or combined cohorts, build a
logistic regression model (with candidate variables matched to the questionnaire) to

predict 3 year risk of obesity in young people.

e Test the reliability and internal validity of the predictive model.

e Translate the final model coefficients into a questionnaire with risk scores.

e Externally validate and pilot test the predictive model (beyond the scope of this research).

1.3.5 Significance

Preventing obesity is a major public health challenge, but resources are finite. This study sets
out to develop and internally validate a dietary assessment tool which includes dietary risk

factors for future obesity, adding evidence to the IOTF framework.

A better understanding of the determinants of obesity, including diet.
This study will synthesise evidence about diet and childhood obesity, which may influence
policy and dietary recommendations and raise public awareness of dietary patterns that

promote healthy weight gain in childhood and adolescence.

A way to identify at risk groups who might benefit from obesity prevention measures.

After external validation and pilot testing of the predictive model, risk scores from the
questionnaire could be used by health professionals to identify childhood populations at high
risk of adolescent obesity, in order to target public health messages and interventions

designed to reduce the risk.

A way to evaluate the effectiveness of obesity prevention interventions.
Risk scores from the questionnaire could be used to measure immediate and longer-term

change in risk to evaluate the effectiveness of an intervention.
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1.4 Childhood obesity risk tools

Before developing a new predictive tool for the risk of childhood obesity it is helpful to
consider what has already been done. Ten years ago, while working as a professor of child
health at the University of Leeds, Mary Rudolf was asked by the Department of Health (UK) for
her views on childhood obesity prevention (Rudolf, 2011). Professor Rudolf was aware of
infant risk factors that increased the risk of childhood obesity, as identified by epidemiological
studies. One such study originated from the Avon Longitudinal Study of Parents and Children
(ALSPAC) and investigated early life risk factors for obesity (Reilly et al., 2005). Reilly et al
ascertained that parental obesity, more than eight hours watching television per week at 3
years and short sleep duration at 3 years, as well as aspects of infant weight gain, were
associated with a higher risk of obesity at 7 years old.

This prompted the idea of an evidence-based obesity risk tool (ORT) to predict a baby’s obesity
risk using routinely collected perinatal information. Instead of relying solely on growth charts
and alerting parents only when an infant’s growth trajectory crossed two centiles or lay above
the 98™ percentile, guidance could be given to parents before their child developed obesity.
Rudolf and colleagues reviewed the evidence around early-life risk factors, looked at how main
risk factors could be built into a simple tool for use in primary care settings, considered further
research and development and discussed the practical, ethical, legal and policy aspects of
using such a tool (Levine et al., 2012).

The feasibility of using perinatal risk factors to predict childhood overweight and obesity was
explored using data from the ALSPAC cohort and from the Millennium Cohort Study (MCS).
Factors considered as putative predictors included parental BMI, maternal age, ethnicity,
education, smoking, sleeping patterns, birth weight and infant weight gain. Maternal pre-
pregnancy BMI was one of the strongest risk factors. Predictors included in the final model
were ethnicity, household obesity (maternal and/or paternal), child’s early weight gain, birth
weight (large for gestational age) and mother’s education level (degree). A paper-based
version of the tool, with a simple scoring system, was created. However, the sensitivity (ability
to correctly identify infants who will develop obesity) and specificity (ability to correctly ignore
infants who will not develop obesity) of the prototype ORT were not acceptable for use with
individual cases in primary care. Further development work was proposed.

This influential paper raised important ethical issues, pertinent to the use of any risk tool.
Concerns were voiced about the potential of the ORT to do more harm than good, either by
stigmatising or antagonising parents of “at risk” infants to the point of disregarding advice or
being uncooperative, or by alarming parents so much that they might adopt inappropriate

feeding regimes for their child (Levine and Rudolf, 2011). A further ethical consideration was
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that of follow-up. What level of intervention or remedial help would be made available to the

infants and families deemed at risk?

Since the early 2000s, more childhood obesity risk tools have been developed and published.
Several papers included in systematic reviews of models/tools to predict overweight or obesity
cited Levine, Dahly and Rudolf’s earlier work.

A recent systematic review of prediction models for childhood overweight/obesity looked for
studies that used maternal and early life risk factors for the individual estimation of future risk
of childhood overweight and obesity, finding eight studies (Ziauddeen et al., 2018). One
included study used data from the ALSPAC cohort and 9 other cohorts to develop and validate
an infant risk score for obesity at 7 and 11 years, based primarily on infant weight gain and
maternal BMI (Druet et al., 2012). Druet et al acknowledged that additional factors might
improve the predictive ability of their infant risk score but stated that data was either not

available or was not generalisable across all 10 cohorts.

Across all the studies included in Ziauddeen’s review, the most selected predictors were
maternal BMI, birthweight and infant’s sex, with breastfeeding and/or the introduction of
solids included in two models. Six studies defined risk predictors a priori, with four giving a
rationale for choosing predictors. Papers reported a median 23 of the 37 items recommended
by the TRIPOD statement for Transparent Reporting of a multivariable prediction model for
Individual Prognosis Or Diagnosis (Collins et al., 2015). Titles clearly identified each study as
developing/validating a multivariable prediction model and all papers reported their
objectives, study designs, sources of data, participants, sample size, predictors, outcomes,
statistical analysis methods and funding sources. Most papers described the flow of
participants through the study and participant characteristics of those with and without the
outcome, giving numbers of those missing data for predictors and outcomes. The majority
presented a full prediction model with all regression coefficients/O.R.s and the intercept, with
at least some performance measures and an explanation of how to use the model, an
interpretation of results and a discussion of study limitations, potential use of the model and
implications for future research. Reporting items most often omitted included actions for
blind assessment of the outcome and predictors for the outcome, how missing data was
handled (complete cases or imputation method), comparisons of development and validation
settings (highlighting differences in demographics or distribution of predictors or outcomes),
the number of participants and events in each analysis, and discussion of results in the

validation data with reference to performance in the development data.

A subsequent systematic review of tools to predict infant, childhood and adult obesity
identified 12 papers, describing 12 tools (Canfell et al., 2018). As most of the included papers
9
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aimed to predict overweight/obesity between the ages of 2 to 12 years; there is overlap with

the eight papers included in the review by Ziauddeen et al.

All but three of the thirteen tools in the two systematic reviews were internally validated. One
study was internally and externally validated by the same authors (Redsell et al., 2016; Weng,
S. F. et al., 2013) which may have introduced bias. The same authors later examined the
feasibility of using the externally validated Infant Risk of Overweight Checklist (IROC) (Redsell
et al., 2016) in clinical practice, to differentiate between infants at or above the population risk
of overweight (Redsell et al., 2017). Two studies were externally validated, and both used data
from the ALSPAC cohort to validate models to predict obesity at two years (Santorelli et al.,

2013) and overweight at five years (Redsell et al., 2016).

Only two studies reported all three performance measures (calibration, discrimination and
decision curve analysis) that are recommended for the validation of clinical prediction models
(Steyerberg and Vergouwe, 2014). Discrimination (the ability to correctly differentiate
between individuals with and without the outcome of interest) of validated models or tools, as
measured by the concordance statistic, ranged from 0.64 (poor) to 0.89 (excellent). To date,

none of these obesity risk tools appear to have been used in a real-life setting.

Putative predictors of future obesity considered for the different tools in both systematic
reviews included anthropometric, socio-economic/demographic and clinical variables plus
infant/maternal diet history, with two tools adding genetic variables associated with obesity in
their attempts to enhance predictive accuracy. See Table 1-2. Not all predictors were included

in the final models.

The Childhood Obesity Risk Evaluation (CORE) featured in both reviews, and used a score
based on mother’s pre-pregnancy BMI, education level and smoking plus infant weight gain
and child’s sex, to predict obesity among Greek children or teenagers (Manios et al., 2013).
Unusually, this study utilised cross-sectional data with retrospective data collection, rather
than data from a prospective cohort. In their examination of the utility of CORE, the authors
adjusted for children’s breakfast, fruit and vegetable frequency and leisure time activity level
(Manios et al., 2016), although these factors were not used specifically as predictors.

No other study in either review considered dietary intake, physical activity or sleep in
childhood as putative predictors of future obesity. Consequently, these exposures did not
feature in any of the final models. This research gap presents an opportunity to investigate
children’s diet as a potential predictor of future obesity, possibly alongside other factors
related to energy balance, which were shown to predict obesity risk in early life (Reilly et al.,

2005).

10
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Table 1-2 Examples of putative predictors considered by studies in two Systematic Reviews
of tools to predict obesity in infants, children and adults

Type of predictor Examples
Anthropometric Maternal weight/BMI, pre-pregnancy or current
Paternal BMI

Child’s birthweight
Child’s weight gain in infancy or early childhood
Child’s BMI z score
Socio-economic and Maternal age
socio-demographic Maternal education level
Paternal education level
Paternal employment
Full time work vs at-home mother
Family income
Mother’s marital status
Number in household
Child’s sex/gender
Ethnicity
Living in highly urban environment
Clinical Smoking, during pregnancy, parental or household
Birth order/ number of siblings
Hospital delivery
Delivery type
Gestational age/premature birth
Infant fussiness
Infant developmental stages
Maternal health
Maternal alcohol consumption
Diet history Breastfeeding/formula feeding
Solids at < or > 6 months
Maternal vegetable consumption in pregnancy

Genetic Single nucleotide polymorphisms associated with obesity

11
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1.5 Thesis structure

The research for this PhD was carried out in three phases:

e Phase 1: Systematic Review and meta-analysis
e Phase 2: Preparation of cohort data and model development methods

e Phase 3: Dietary risk tool development — model fitting and internal validation

The thesis is structured broadly in line with these phases. See Figure 1-3. Numbered chapters
relating to each phase are also shown in the figure. In brief, the thesis chapters present the

following:
Chapter 1: Introduction

e Obesity prevalence in adults and children, worldwide and in England, and risks to
health. An evidence framework for childhood obesity. Research aims and objectives.

Brief literature review of published obesity risk tools.

Chapter 2: A systematic review of childhood and adolescent cohorts measuring whole diet and

subsequent adiposity: Methods

e Systematic review protocol and registration. Methods used to develop and execute a
search strategy, screen records in duplicate, assess the quality of included studies and

extract data.
Chapter 3: Systematic Review: PRISMA results with characteristics of included cohorts

e Results of literature searches and screening on title, abstract and full text, with record
numbers in a PRISMA flow chart. Level of agreement between reviewers. Quality
assessment of included papers using the Newcastle-Ottawa scale for cohort studies.

Overview of extracted information including cohort characteristics.
Chapter 4: Narrative Review: Dietary assessment and measures of adiposity

e Dietary assessment tools (food diaries, 24 hour dietary recalls and food frequency
guestionnaires) and adiposity measures used by included studies, their pros and cons
and the steps taken to minimise measurement error. Baseline mean energy intakes in
each childhood cohort are compared by age, DAT and country. Macronutrients share
of energy intake are compared with WHO nutrient intake goals. Children’s mean Body

Mass Index values are compared with the UK 1990 growth reference.

12
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Chapter 5: Narrative Review: Reported foods and drink intakes and adiposity outcomes

e Narrative synthesis of quantified intakes of whole grains, dairy foods including milk,
fruit and vegetables including juice, fish, convenience foods, snack foods, sugar

sweetened and diet beverages and reported longitudinal associations with adiposity.

Chapter 6: Narrative Review: Dietary patterns, eating habits and multiple predictors, and

subsequent adiposity

e Narrative synthesis of dietary patterns, diet quality scores and eating habits and
reported longitudinal associations with adiposity. Narrative synthesis of multiple

predictors (dietary and non-dietary) of future overweight.
Chapter 7: Meta-analysis of sugar sweetened beverage intakes and adiposity outcomes

e Exploratory quantitative synthesis of reported SSB intakes and various adiposity

outcomes. Meta-analysis of SSB intake and change in BMI, with forest plots.

Chapter 8: Tool development: Pre-specification of candidate predictor variables and

preparation of the ALSPAC data

e Risk algorithms in different settings. Principles of predictive model development. Pre-
specification of childhood predictors of adolescent obesity. Check of assumptions
using a directed acyclic graph. Evidence based questionnaire, matched to candidate
variables (potential predictors) in the Avon Longitudinal Study of Parents and Children
(ALSPAC). Preparation of ALSPAC variables, including imputation. Random 3:1 split of
the dataset into derivation and validation samples for model development and internal

validation.
Chapter 9: Tool development: Model fitting, internal validation and risk score allocation

e Methods used to develop and internally validate a logistic regression model in the
ALSPAC data to predict obesity at 13+ years, based on potential predictors measured
at or close to 10+ years old. Presentation of the reduced, interim and final models.

Results of internal validation (discrimination, calibrations and clinical usefulness).
Chapter 10: Conclusions and recommendations for future research

e Conclusions, limitations and challenges, strengths, future research and public health

implications.

13
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Figure 1-3 Overview of research and thesis structure
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Chapter 2 A systematic review of childhood and adolescent cohorts

measuring whole diet and subsequent adiposity: Methods

2.1 Aims of the Systematic Review

The systematic review aims:

e To identify cohorts with quantitative data on diets (the exposure) inc