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THESIS ABSTRACT

Background

Childhood obesity is a global epidemic posing a significant threat to the health and
wellbeing of children. To reverse this epidemic, it is essential that we gain a deeper
understanding of the complex array of driving factors at an individual, family and
wider ecological level. Using a social-ecological framework, this thesis investigates
the direction, magnitude and contribution of risk factors for childhood overweight
and obesity at multiple levels of influence, with a particular focus on diet and

physical activity.

Methods

A systematic review was conducted to describe recent trends (from 2002-2012) in
childhood overweight and obesity prevalence in Irish school children from the
Republic of Ireland. Two datasets (Cork Children’s Lifestyle [CCLaS] Study and the
Growing Up in Ireland [GUI] Study) were used to explore determinants of childhood
overweight and obesity. Individual lifestyle factors examined were diet, physical
activity and sedentary behaviour. The determinants of physical activity were also
explored. Family factors examined were parental weight status and household
socio-economic status. The impact of food access in the local area on diet quality

and body mass index (BMI) was investigated as an environmental level risk factor.

Results

Between 2002 and 2012, the prevalence of childhood overweight and obesity in
Ireland remained stable. There was some evidence to suggest that childhood
obesity rates may have decreased slightly though one in four Irish children
remained either overweight or obese.

In the CCLaS study, overweight and obese children consumed more unhealthy foods
than normal weight children. A diet quality score was constructed based on a
previously validated adult diet score. Each one unit increase in diet quality was

significantly associated with a decreased risk of childhood overweight and obesity.
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Individual level factors (including gender, being a member of a sports team, weight
status) were more strongly associated with physical activity levels than family or
environmental factors. Overweight and obese children were more sedentary and
less active than normal weight children. There was a dose response relationship
between time spent at moderate to vigorous physical activity (MVPA) and the risk
of childhood obesity independent of sedentary time. In contrast, total sedentary
time was not associated with the risk of childhood obesity independent of MVPA
though screen time was associated with childhood overweight and obesity.

In the GUI Study, only one in five children had 2 normal weight parents (or one
normal weight parent in the case of single parent families). Having overweight and
obese parents was a significant risk factor for overweight and obesity regardless of
socio-economic characteristics of the household. Family income was not associated
with the odds of childhood obesity but social class and parental education were
important risk factors for childhood obesity. Access to food stores in the local
environment did not impact dietary quality or the BMI of Irish children. However,
there was some evidence to suggest that the economic resources of the family

influenced diet and BMI.

Discussion

Though childhood overweight and obesity rates appear to have stabilised over the
previous decade, prevalence rates are unacceptably high. As expected, overweight
and obesity were associated with a high energy intake and poor dietary quality. The
findings also highlight strong associations between physical inactivity and the risk of
overweight and obesity, with effect sizes greater than what have been typically
found in adults. Important family level determinants of childhood overweight and
obesity were also identified. The findings highlight the need for a multifaceted
approach, targeting a range of modifiable determinants to tackle the problem. In
particular, policies and interventions at the shared family environment or

community level may be an effective mean of tackling this current epidemic.
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1. INTRODUCTION



1.1. Introduction

The World Health Organisation (WHO) has described obesity as one of the most
significant public health challenges of the 21* century [1]. In children, the
worldwide prevalence of obesity has increased significantly over the final three
decades of the 20™ century [2]. This poses a significant threat to public health as
obesity is associated with a number of short and long term health consequences
along with wider social and economic costs [3]. Obesity is defined as an excessive
or abnormal fat accumulation which poses a risk to health [1]. Measuring and
defining obesity during childhood is associated with a number of challenges, though
body mass index (BMI) [weight/height’] is commonly used to define childhood

overweight and obesity in a research setting [4].

Obesity is intertwined with diet and physical activity [5] and in simple terms is
described as a persistent positive energy balance where energy intake is greater
than energy output [6]. However, obesity is a complex problem and its aetiology is
multifaceted with a number of known risk factors [7]. Childhood obesity can occur
as a result of a child’s biology (genetic pre-disposition and/or metabolism), lifestyle
choices and external influences including the home and local environment [8-12].
As risk factors for childhood obesity can interact, lifestyle choices can be influenced
by the ‘obesogenic’ environment which encourages excessive energy intake and

low levels of physical activity [13].



To date, few studies have collected in-depth data on a broad range of multilevel risk
factors for childhood obesity, especially in Ireland. In addition, risk factors for
childhood overweight and obesity have traditionally been poorly measured, in
particular, diet and physical activity, variables which are complex and are measured
with large amounts of error. As a result, the importance and contribution of risk

factors for childhood obesity remain poorly understood [14].

1.2. Aim
To describe recent trends and explore determinants of childhood overweight and

obesity in Ireland

1.3. Objectives

This thesis has 7 objectives:

1. To systematically collate and describe overweight and obesity prevalence
data from primary school aged children in the Republic of Ireland between 2002
and 2012

2. To describe the design and conduct of a cross-sectional survey which
collected data on the prevalence and multilevel influences of childhood overweight
and obesity in Ireland

3. To examine the association between dietary quality (defined using a

modified adult diet score) and the risk of childhood overweight and obesity



4. To investigate the multilevel effects of individual, family and environmental
factors on physical activity levels in children

5. To investigate the independent association of objectively measured
moderate to vigorous physical activity (MVPA) and sedentary behaviour on the risk
of childhood overweight and obesity

6. To explore the association between parental weight, characteristics of the
socio-economic status (SES) of the household and the odds of childhood overweight
and obesity

7i. To construct a diet quality score (DQS) from a brief dietary assessment tool
used in the Growing Up in Ireland (GUI) Study (to be utilised in objective 7ii) and to
examine the association between diet quality and the odds of childhood overweight
and obesity.

7ii. To explore the impact of the local food environment (measured as the
distance to and density of food outlets in the local area) on diet quality and BMI in

children

1.4. Research setting

Two data sources are used to describe determinants of childhood overweight and
obesity: the Cork Children’s Lifestyle (CCLaS) Study and the GUI Study. | was the
lead researcher of the CCLaS Study and was involved in the design, conduct and
analysis of the study. Piloting and data collection for the study took place in Cork in
2012/2013. Over 1,000 eight to eleven year old school children took part in the

study. The CCLaS Study was funded by the National Children’s Research Centre,



Crumlin, Dublin. | conducted secondary analysis of the GUI Study. The GUI Study is a
nationally representative sample of 8,568 nine year olds and wave one of data
collection was undertaken in 2007/2008. The GUI Study was funded by the
Government of Ireland through the Department of Children and Youth Affairs in
association with the Department of Social Protection and the Central Statistics

Office.

1.5. Thesis outline

This thesis is comprised of 7 papers which describe recent trends and determinants
of childhood overweight and obesity in Irish school children. Figure 1 illustrates the
aim, objectives and papers included in this thesis. Chapter 2 provides a brief

introduction to the extent of the problem of childhood overweight and obesity.

A systematic review was undertaken and describes trends in childhood overweight
and obesity prevalence in the Republic of Ireland between 2002 and 2012 (Chapter
3). This data had not been systematically collated prior to this thesis being

undertaken.

Chapter 4 describes the design, piloting and conduct of the CCLaS Study while the

methods used in the GUI Study are reported in Chapters 6, 8 and 9.

Individual, family and environmental level determinants of childhood overweight
and obesity are conceptualised using a social-ecological framework (see Chapter 2)
and explored in Chapters 5 to 9. Individual lifestyle factors assessed are diet,

physical activity and sedentary behaviour. A dietary quality score (DQS) was



constructed (kidDASH score) and is presented in Chapter 5. Our DQS (the kidDASH
score) is a modified version of the Dietary Approach to Stop Hypertension (DASH)
score which is associated with obesity in adults [15]. Chapter 5 explores the
association between kidDASH and childhood overweight and obesity.

Chapter 6 investigates individual, family and environmental level factors associated
with physical activity levels in children. Chapter 7 describes levels and patterns of
physical activity in school aged children. Furthermore, Chapter 7 investigates the
independent association of objectively measured MVPA and sedentary behaviour

on the risk of childhood overweight and obesity.

Family level factors are examined in Chapter 8. The association between parental
weight status, family level SES and the odds of childhood overweight and obesity
are examined. Parent weight is assessed separately for mothers, fathers and using a
combined single index variable. Three measures of family level SES are explored:
parent education, social class and household income.

The impact of food access in the local environment on diet quality (see Appendix 4
for information on the construct of the DQS) and BMI in children is described as an
environmental level risk factor in Chapter 9. This chapter builds upon a previous
study which explored the association between diet and the local food environment

in Irish adults.

Chapter 10 provides an overall discussion of the main findings, the strengths and

limitations of this thesis and makes some suggestions for future research.



1.6. Author’s contribution

| was the lead author of the research papers in Chapters 3, 4, 7, 8 and 9. This
involved the formulation of the research question for each chapter, conducting
literature searching, data analysis and drafting of each manuscript. | was the lead
researcher of the CCLaS Study and was involved in all aspects of the study. Ms
Catherine Perry, a research assistant on the CCLaS Study in the Department of
Epidemiology and Public Health, UCC, who | have worked closely with over the last
4 years, conducted the statistical analysis for the manuscript in Chapter 5. | was
involved in the formulation of the research question and co-wrote the manuscript. |
also provided advice on the analysis plan. Ms Sharon Cadogan, a PhD student in the
Department of Epidemiology and Public Health, UCC conducted the analysis in
Chapter 6. | was involved in the formulation of the research question and provided
statistical advice. | was also involved in drafting the manuscript. This chapter builds

upon Sharon’s Master’s thesis and | acted as Sharon’s tutor for her thesis.
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2. BACKGROUND



This chapter provides a brief overview of childhood overweight and obesity. This
chapter describes BMI as a method to define childhood overweight and obesity.
Secondly, the extent of the problem globally is described. Thirdly, the short and
long term health consequences and the wider economic costs of obesity are
outlined. Fourthly, approaches to conceptualising and assessing risk factors for
childhood overweight and obesity are described. Finally, risk factors for childhood
overweight and obesity are described using a three tiered (individual, family and

environmental level factors) social-ecological framework.

2.1. Defining childhood overweight and obesity using body mass index (BMI)

2.1.1. Overview of indicators for childhood overweight and obesity

Childhood adiposity can be assessed using a number of methods. Highly accurate
methods to estimate adiposity include underwater weighing, total body water,
energy X-ray absorptiometry and total body electrical conductivity. However, these
methods are not generally feasible in an epidemiological or public health research
setting due to their high cost and complexity [16, 17]. In a research setting, BMI,
waist circumference, skinfold thickness and bioelectrical impedance measurements
are more frequently used indicators of child weight status. Currently, there is no
consensus on thresholds for defining overweight and obesity in children using waist
circumference, skinfold thickness or bioelectrical impedance measurements. BMI
arguably remains the most commonly used and most well defined indicator of
childhood obesity [4]. Therefore, childhood obesity is defined using BMI in this

thesis.
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2.1.2. What is BMI?

Height and weight measurements are used to calculate BMI. BMI is calculated by
dividing a person’s weight in kilograms by the square of their height in metres
(kg/mz) [1]. BMl is a valid, non-invasive, reproducible, inexpensive and convenient
method of determining childhood obesity [4]. Children are typically familiar with
height and weight measurements which can make BMI easier to measure than
other anthropometric measures in a research setting. A disadvantage of BMl is that
it does not give any indication of body fat distribution nor does it distinguish fat
mass from fat free mass [18, 19]. Objectively measured height and weight measures
are preferential to self-reported measures. Numerous studies have suggested that
parent and self-reported measures tend to overestimate height and underestimate

weight [20-22].

2.1.3. BMI measurement issues in a research setting

A number of measurement issues need to be considered when measuring BMI in a
research setting. Appropriate choice of equipment, regular re-training and standard
procedures are all necessary to achieve accurate, valid measurements, with little
error. Height and body composition constantly change during childhood and this
needs to be accounted for when defining child weight status [1]. Child stature and
body composition can also vary on a daily basis. For example, hydration status,
contents of gastro-intestinal and bladder, diurnal hormonal fluctuations, fatigue

and alterations in position can all influence measurements [4]. Using a standard
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operating procedure (SOP) can help account for some of these daily variations in a

research setting and can also reduce measurement error.

Measurement error can occur when taking height and weight measurements in a
research setting. Random measurement error can impact on the precision of height
and weight readings by adding to the variability of the true result. When error in
measurements occurs randomly in a study, average readings will remain relatively
unaffected. Systematic measurement error can also occur during measurements
and can influence the validity of height and weight measurements. For example,
one researcher may systematically take higher or lower measures than the actual
true value. This can also lead to the misclassification of weight status and can lead
to differentials in results between observers. Observer variations in measurements
can be combated by having as few individuals as possible taking measurements and
by taking more than one of each measurement and using the mean of the readings

for analysis [4, 23].

2.1.4. Defining overweight and obesity using BMI

BMI can either be analysed as a continuous variable or it can be categorised to
define weight status. There is a lack of consensus regarding standards for defining
childhood obesity using BMI in the Republic of Ireland [24]. A number of national
and international reference data values or growth charts are available for defining

overweight and obesity in children. However, different reference values produce
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different estimates [25]. Thus, careful consideration is needed when defining
overweight and obesity. Examples of reference values include the United Kingdom
(UK) and United States of America (USA) national reference charts for BMI [26].
WHO reference data are commonly used to assess healthy growth in developing
countries [4]. The age and sex specific International Obesity Taskforce (IOTF) cut off
points are widely used globally [27] and have been recommended for use in
research [28]. Thus, the IOTF cut off points are used to define overweight and

obesity in this thesis.

IOTF cut off points were published in 2000 and were developed using height and
weight data from six countries (Brazil, USA, Hong Kong, Singapore, Great Britain and
the Netherlands) [27]. These cut offs points were designed to correspond to the
statistical distribution of adult overweight (>25kg/m2 to <3Okg/m2) and obesity
(230kg/m2). The IOTF cut off points have high specificity but has low sensitivity [29].
Originally, the I0TF definitions were designed to assign children to a category of
either underweight, normal weight, overweight or obese [27]. More recently, these
cut-off points have been extended and allow BMI to be expressed as centile scores

[30].

2.2. Global trends and prevalence of childhood overweight and obesity
Global estimates suggest that 170 million children worldwide are either overweight

or obese [31]. A study which examined trends and prevalence of childhood
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overweight and obesity in over 60 countries globally between 1980 and 2005 found
that childhood obesity was a growing problem in all developed countries and in
some developing countries [2]. However, more recent literature suggests that
childhood obesity prevalence rates may be beginning to stabilise in developed

countries (see Chapter 3) [32].

Data from Europe and the USA are described below to place Irish prevalence rates
in an international context. Chapter 3 will describe overweight and obesity trends in

primary school aged children in the Republic of Ireland.

2.2.1 Prevalence and trends in Europe

Jackson-Leach and Lobstein, 2006 [33] presented data on the rate of change in the
prevalence of child and adolescent overweight (including obesity) in European
children aged 5 to 17.9 years. The study found that the prevalence of overweight
increased by 0.5 percentage points annually in the 1980s and by 1.0 percentage
point annually during the 1990’s. Lobstein and Frelut, 2003 [34] summarised data
from 20 surveys which had objective height and weight data from pre-pubertal
children between 1992 and 2001. Using IOTF definitions, the prevalence of
overweight and obesity ranged from 12-36%. Genetic predisposition and the
‘obesogenic’ environment were suggested as possible factors for the varying
prevalence rates between countries. The authors observed lower overweight and

obesity prevalence rates in central and eastern European countries. Higher
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prevalence rates were found in Southern European countries. Poor economic
growth, recession and political factors were suggested as possible explanations for

the lower prevalence rates in central and eastern European countries.

As objective height and weight data in European children was scarce and
monitoring systems inadequate, the WHO implemented the European Childhood
Obesity Surveillance Initiative in 13 European countries (including Ireland) in 2007.
The first wave of the initiative was undertaken in 2007/2008 in children aged 6 to 9
years. Wijnhoven et al, 2012 [35] reported that the prevalence of overweight and
obesity varied by country from 11-37% in boys and from 15-35% in girls using IOTF
definitions. Higher prevalence rates were observed in Mediterranean countries (eg.
Italy, Portugal) when compared with Northern (eg. Norway, Sweden) and Eastern

countries (eg. Bulgaria, Czech Republic).

The second wave of data collection took place in 2009/2010 in 15 countries.
Changes in the prevalence of overweight and obesity among the 9 countries which
participated in previous wave of data collection varied significantly [36]. Countries
reported either an increase, decrease or no change in absolute mean BMI ranging
from -0.4kg/m? in Portugal and Italy to +0.3kg/m? in Norway. The third wave of
data collection took place in the school year 2012/2013, though findings comparing

rates between countries remain unpublished to date.
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2.2.2. Prevalence and trends in the United States of America (USA)

Estimates from the USA suggest that since 1980, the prevalence of obesity has
tripled in children aged 2 to 5 years and prevalence rates have quadrupled in
children aged 6 to 11 years [37]. The National Health and Nutrition Survey
(NHANES) is an ongoing panel survey which collects objective height and weight
data from nationally representative samples of children in the USA. In 1999/2002,
31% of children were overweight and 16% were obese according to US definitions
[38]. In 2003/2004, 33.6% of children were overweight and 17.1% obese. Ogden et
al, 2006 [39] reported a significant increasing trend in the prevalence of childhood
obesity between 1999 and 2004. In NHANES 2007/2008, prevalence rates appeared
to be stabilising with 32% of children overweight and 16.9% obese [40]. Ogden et
al, 2012 [41] reported that the prevalence of overweight and obesity in NHANES
2009/2010 were 31.8% and 16.9% respectively and prevalence rates have remained

stable in NHANES 2011/2012 [42].

Skinner et al, 2014 have suggested that though the prevalence of childhood obesity
may be stabilising in the USA, rates of severe obesity are continuing to increase
especially in non-Hispanic black boys and Hispanic girls [43]. Limited data are
available on the incidence of obesity [44]. Cunningham et al, 2014 evaluated data
measured at 7 time points (from 1998-2007, mean age 5.6 years at baseline) during
the Early Childhood Longitudinal Study which was conducted in the USA. The

authors reported that incident obesity is more likely to occur at a young age. Young
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children who were overweight at age 5 were more likely to become obese

compared to their normal weight counterparts [44].

2.3. Consequences of childhood overweight and obesity

Childhood obesity is associated with a number of short and long term
consequences including physical and psychological health problems [45, 46]. These
include metabolic complications, type 2 diabetes, musculoskeletal disorders,
respiratory problems, risk factors for cardiovascular disease (CVD) and low self-
esteem [47-52]. Obesity also has wider economic consequences including health

care costs [53].

2.3.1. Wellbeing and social consequences

Obesity is associated with wellbeing and can impact self-esteem and social
functioning [5]. Reilly et al, 2003 [54] reported that obese children had a greater
risk of psychiatric and psychological problems including behavioural problems and
low self-esteem when compared to non-obese children. A longitudinal study by
Strauss, 2000 found that obese children with decreasing self-esteem over time

demonstrated high rates of loneliness and nervousness [55].

Social stigma is associated with overweight and obesity [5]. Griffiths et al, 2011
conducted a systematic review and reported findings on the association between

self-esteem, quality of life and childhood obesity. The authors reported that there
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was strong evidence to suggest that there is an association between quality of life
and childhood obesity. Obese children had lower self-esteem in terms of physical
competence (athletic competence) and physical appearance when compared to
their non-obese peers [52]. The consequences of being obese can also have a
negative impact on daily activities [5]. For example, some evidence suggests that
obesity during childhood is associated with reduced school performance.
Furthermore, obese children are more likely to obtain lower educational
attainment and secure lower income jobs in the future when compared to non-

obese children [54].

2.3.2 Short term physical health consequences

Childhood obesity has a number of short term health consequences. Must and
Strauss, 1999 [45] reviewed literature on CVD risk factors and childhood obesity.
The review suggested that obese children had an increased risk of elevated blood
pressure (BP), high cholesterol and triglycerides when compared to non-obese
children. A prospective study by Lawlor et al, [56] also reported that increased
adiposity during childhood was associated with risk factors for CVD including high
systolic BP. Smith et al, 2014 reported an association between musculoskeletal pain
and childhood overweight and obesity [57]. Evidence from prospective studies
suggests that there is a significant association between childhood obesity and

asthma incidence [58].
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2.3.3. Long term physical health consequences

Childhood obesity has long term consequences for health [59]. A systematic review
by Reilly and Kelly, 2010 reported that overweight or obesity during childhood and
adolescence was associated with premature mortality in adulthood [60]. Recent
evidence suggests that children born at the beginning of the 21 century in market
economies may have a shorter life expectancy than that of their parents due to the
negative health effects of obesity [26]. As obesity can track throughout the life-
course, up to 50% of obese children will become obese adults [61]. Some co-
morbidities associated with childhood obesity may also persist into adulthood [45,
62]. For example, Reilly and Kelly, 2010 reported that overweight or obesity during
childhood and adolescence was associated with an increased risk of

cardiometabolic morbidity and asthma in adulthood [60].

2.3.4. Economic conseguences

Obesity is associated with direct and indirect costs at a societal level. Direct costs
include medical costs while indirect costs include job absenteeism [63]. The cost of
obesity has become increasingly researched in adult populations over recent years
and different studies have used different approaches [53]. The cost of childhood

obesity is understudied and the majority of the evidence relates to adult obesity.

In the USA, the annual direct cost of childhood and adolescent obesity including

outpatient costs, accident and emergency visits, and prescription costs is estimated
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to be 14.1 billion dollars per annum [64] and inpatient costs have been estimated to
be 237.6 million dollars per annum [65]. The cost of obesity is greater when an
obese child becomes an obese adult [63]. In the USA, medical spending associated
with obesity was estimated to be as high as 147 billion in 2008 [66]. Furthermore,
Wang et al, 2008 [67] projected the potential burden of overweight and obesity in
the USA based on overweight and obesity data from NHANES between the 1970s
and 2004. The authors suggested that by 2030, between 861 to 957 billion dollars
of healthcare spending could be attributed to overweight and obesity accounting

for 16% to 18% of total healthcare costs.

To date, the cost of childhood obesity in Ireland has not been calculated. In 2009,
the direct and indirect cost associated with adult obesity in the Republic of Ireland
was estimated to be €1.13 billon [68]. Of this, 35% was direct healthcare spending
(eg. hospital visits, drugs) and 65% was indirect healthcare costs (eg. absenteeism,
premature mortality). This direct healthcare spending in 2009 equated to 2.7% of
total healthcare costs [68]. The authors estimated that the direct healthcare costs

associated with obesity could increase to €5.4 billion by 2030 [69].

2.4. Approaches to conceptualise and assess risk factors for childhood overweight

and obesity

Our understanding of risk factors associated with childhood overweight and obesity
has improved over time [70]. Some earlier research had a very simple approach to

describing obesity [71, 72] whereas more recent frameworks have become
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increasingly complex [7]. Some earlier research focussed on energy imbalance as
the root of the problem where poor diet and physical inactivity were described as
the most predominant risk factors for obesity [73, 74]. This simple approach to
understanding childhood obesity has not brought us closer to understanding how to
reverse the obesity epidemic [70], though diet and physical activity remain as

central risk factors for obesity.

Rapid increases in obesity prevalence between the 1970 and the late 1990s suggest
that lifestyle choices along with wider environmental factors are important drivers
of the current high prevalence of obesity [75-79]. The term the ‘obesogenic’
environment has been coined to describe our environment where food is readily
available and sedentary behaviours are common [79]. Factors such as increasing
urbanization, transportation and technology have been described as factors
associated with the ‘obesogenic’ environment [80]. This suggests that we need to
adopt a wider approach to understand the context in which obesity related
behaviours including, diet and physical activity occur. Understanding factors which
are associated with diet, physical inactivity and obesity at multiple levels of
influence will allow us gain a deeper understanding of the problem [70, 75-79, 81].
Thus, conceptual models which describe the wide and complex range of factors

associated with childhood obesity need to be utilised.

The foresight map is a more recent framework designed to illustrate the complex
set of factors associated with obesity. Energy imbalance is at the centre of the
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foresight map, and risk factors for obesity are intertwined in a complex web. The
foresight map was developed by a multidisciplinary group in the UK and describes
the diverse and complex range of factors associated with obesity. This model
includes over 100 risk factors which are interconnected and can directly or

indirectly impact on obesity risk [7].

Social-ecological theory has been described as a particularly promising tool for
understanding childhood obesity [82] and is used in this thesis. As diet and physical
activity remain at the core of the problem, this thesis will place a strong focus on
these variables. The social-ecological framework conceptualised for this thesis is

described below.

2.4.1. Social-ecological framework

Social-ecological framework serves as a useful means of conceptualising and
understanding the complex, multilevel set of factors associated with childhood
obesity. Social-ecological theory recognises that understanding the determinants of
childhood obesity is complicated by the complex interaction between individual
lifestyle choices with wider family and environmental factors which provide the

context in which children live [82].

Bronfenbrenner, 1979 proposed one of the earlier social-ecological theories called

the systems theory. This theory suggests that there are three levels of
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environmental influences which can impact on health related behaviour. These are
the Microsystem (the interaction of family members), the Mesosystem (the physical
family or school) and the Exosystem (larger social systems of culture, economics
and politics) [83]. A second theory called social ecology was developed by Moos and
suggests that environmental level factors can be placed in one of four categories.
These categories are physical settings (the built environment), organizational
settings (schools), the ‘human aggregate’ (the socioeconomic characteristics of
children/families) and the ‘social climate’ (the supportiveness of a social setting for

a particular behaviour) [83].

More recent social-ecological models have been proposed or discussed by Davison
and Birch, 2001 [84], Story et al, 2008 [85] and Lytle, 2009 [82]. All these authors
suggest that health related behaviours are influenced at multiple levels ranging
from individual level choices to wider environmental influences. In particular, the
framework defined by Davison and Birch, 2001 [84] is a useful means of
conceptualising the complex set of individual, family and environmental levels

factors which are associated with weight status.

Based on the data available for this thesis, a 3 tiered social-ecological framework is
used to conceptualise and describe factors which can contribute to the risk of
obesity. In particular, the conceptual framework for this thesis will draw upon the
work proposed by Davison and Birch, 2001. Risk factors for childhood overweight

and obesity will be described using 3 broad headings: individual factors, family
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factors and community level environmental factors. In this thesis, diet, physical
activity and sedentary behaviours are described as individual level factors. Parental
weight and SES of the household are described as family level factors which reflect
the shared family environment. The local food environment is described as an
environmental factor which is associated with diet and the risk of obesity. Each of

these risk factors is described below.

2.5. Individual level factors for childhood overweight and obesity

A wide range of individual level factors are associated with an increased risk of
childhood overweight and obesity. Genetic predisposition, metabolic problems and
ethnic origin can put some children at an increased risk of obesity [86]. Children of
black, south Asian, Hispanic and native American origin have an increase risk of
obesity when compared to white children [87]. This may reflect cultural and social
factors and may also interact with genetics factors. However, as the focus of this
thesis is on modifiable lifestyle factors, the section below describes diet, physical
activity and sedentary behaviour. The measurement, categorisation and association

of each risk factor with overweight and obesity are discussed.

2.6. Diet

Diet plays a key role in maintaining good health and wellbeing. The ‘nutrition
transition’ is the term used to describe changes in dietary intake which have
coincided with economic growth and globalisation in recent decades. This includes

increasing consumption of sugar, animal fats and fast foods [88, 89]. Traditionally
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the association between poor diet and obesity has been assessed at an individual
food, food group or nutrient level [90]. However, more recent approaches to

assessing diet involve using a whole diet approach [90-92].

2.6.1. Overview of dietary assessment

Diet is difficult to measure accurately, especially in large scale epidemiological
studies. Nutrition assessment can be conducted at a group or an individual level.
Food balance sheets and household budget surveys can be used to estimate food
intake at a group or population level. Individual methods of assessing food and
dietary intake are preferable when estimating energy and nutrient intake within a

predefined population [93].

Three commonly used methods of assessing individual level dietary assessment are
food frequency questionnaires (FFQ), dietary recalls and food records/diaries
(which can be estimated or weighed). Questionnaire data on key dietary indicators
can also be used to collect dietary data. Individual level dietary assessment tools
can capture a number of aspects of diet including the types of foods/drink
consumed, portion sizes, the eating occasion (eg. breakfast, snack) or the eating
location (eg. home, school, car). A number of practical measurement issues are
associated with all dietary assessment tools and need to be accounted for and

acknowledged when interpreting data.
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Problems associated with dietary assessment include bias and inaccurate reporting.
Due to intra-individual variation, several days of monitoring are needed to produce
a representative overview of habitual intake. Recall bias may occur where foods
that are consumed more recently are recalled more accurately than those
consumed at an earlier time point. Under or over reporting may occur as a result of
social desirability and social approval bias. For example, healthier foods may be
over reported while unhealthy foods may be underreported or excluded from
dietary records. Under reporting is more common than over reporting, especially in
obese participants. Some children have problems estimating portion size which can

influence estimation of nutrient and energy intake [93-96].

Child age can influence cognition, food habits and ability to report portion size.
Children from the age of 9 have been found capable of self-reporting dietary intake.
Younger children tend have more structured food habits than older children which
may aid recall. Cognition can impact literacy, attention span, concept of time,
familiarity with food types, packaging and cooking methods. Age, gender, cognition
and weight status can also impact on the honesty of reporting. Finally, dietary
intake relies heavily on the use of food tables and this can also introduce error into
dietary data analysis. For example, food tables typically contain a limited number of

foods [93-96].
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2.6.2. Individual foods and childhood obesity

A number of individual foods and food groups are associated with overweight and
obesity [97, 98]. For example, some studies have found an inverse association
between fruit and vegetable intake and the risk of obesity though the evidence
base remains inconclusive [99-102]. Higher consumption of whole grains has been
found to be associated with a reduced risk of obesity though whole grain intake is

typically low in children [100, 103].

Ultra-processed and convenience foods high in fat, sugar and salt have become
synonymous with the modern obesogenic environment. Junk food and sugar
sweetened beverage (SSB) consumption in children has increased over the last two
decades [104, 105]. Bowman et al, 2004 [106] found that on days where children
consumed fast food products, energy intake was higher and fruit and vegetables
consumption was lower when compared to days where fast food products were not
consumed. Ludwig et al, 2001 found that for each additional serving of SSBs, the
odds of becoming overweight increased by sixty percent in 11 and 12 year old
children [107]. Grimes also reported that SSB consumption was associated with
obesity risk and that there is an association between salt intake and SSB intake
[108]. However, inconsistencies in findings between individual foods and obesity
may suggest that there are limitations to describing the association between diet
and complex diseases such as obesity when only assessing one food [91]. Thus,
assessing individual foods may not provide an appropriate overview of overall diet

due to complex synergies between foods and/or nutrients [109, 110].
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2.6.3. Overall diet and childhood obesity

Recently, overall approaches to diet have become more commonly used in
nutritional epidemiology [92]. The concept of overall diet is gaining considerable
attention as it is now recognised that people eat combinations of foods rather than
individual foods or nutrients. Furthermore, combinations of foods are eaten in
particular settings and in different contexts can also reflect social, environmental

and cultural dimensions of diet [111].

There are two main approaches to assessing overall diet, an a-priori or a-posteriori
approach. An a-posteriori approach is a data driven method which derives patterns
using statistical methods based on the dietary data being analysed. Using
interrelationships, large numbers of dietary variables can be collapsed into fewer
variables. Two widely used methods are factor analysis and principle component
analysis. Alternatively, using a clustering statistical approach, mutually exclusive
groups of individuals with similar dietary patterns can be derived [112]. This is

known as latent class analysis.

An a-priori approach involves quantifying dietary quality using a DQS or diet quality
indices (DQI). DQS aim to examine the overall diet and typically compare diet as a
whole to current dietary recommendations or guidelines. An a-priori approach to
diet may be particularly useful in terms of translating evidence on healthy eating

patterns to the public. A large number and diversity of indices have been designed
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and can be classified as a function of their method as (1) indices based on intakes of
nutrients, (2) indices based on the consumption of specific foods or food groups or

(3) indices that combine both approaches [113].

To date, most of these DQS have been developed and used in adult populations.
Few DQS have been developed to assess diet quality in children [92]. Some DQS for
children have been adapted from adult scores and validated scores for children
include the Mediterranean Diet Quality Index for Children and Adolescents
(KIDMED) which was adapted from the Mediterranean Diet adherence score, the
Youth Healthy Eating Index which was modified from the Healthy Eating Index (HEI)
and the Revised Children’s Diet Quality Index (RC-DQI). Each of these indices
evaluates dietary patterns which may be protective against obesity during

childhood.

Limited research is available on the association between DQS and childhood obesity
[92]. Where associations between childhood obesity and DQS have been examined,
moderate associations between DQS and childhood overweight and obesity were
observed [114-117]. Jennings et al, 2011 completed a study of 9-10 year old British
children which collected dietary data and adapted 3 diet scores (Mediterranean
Diet Score, Healthy Diet Indicator and the Diet Quality Index score) to reflect the
diet of children. The Healthy Diet Indicator and the Diet Quality Index score were

both associated with childhood obesity after adjusting for potential confounders
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including physical activity levels and total energy intake. The Mediterranean Diet
was not strongly associated with childhood obesity in this study [114]. A study from
Cyprus found a significant association between diet quality assessed using the
KIDMED score and weight status though the association did not remain significant
when physical activity was added to the regression model [116]. Perry et al,
(unpublished) devised a DQS based on Irish healthy eating guidelines from a short
20 question FFQ and found a moderate association between childhood obesity but
not overweight in Irish 9 year old children. This paper of which | am a co-author is

discussed in Appendix 4.

2.7. Physical activity

The WHO defines physical activity as “any bodily movement produced by skeletal
muscles that requires energy expenditure” [118]. Engaging in regular physical
activity is essential for normal growth and development [119, 120] and has several
health benefits including maintaining a healthy weight [121]. The WHO
recommends that children engage in 60 minutes of MVPA daily and that increasing

physical activity levels beyond this has greater benefits for health [118, 122].

2.7.1. Overview of physical activity assessment

Accurately assessing and quantifying physical activity in free living children is
difficult as physical activity does not have a precise biological marker. Physical
activity measurement tools can describe the frequency, intensity and/or

distribution of activity in a defined population. Assessment tools may also assess
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the domain of physical activity. For example, children can perform physical activity
in school, at home or for transportation and this data can be captured using some
physical activity assessment tools [119]. A number of measurement units are
available to describe physical activity. These include metabolic equivalents (METS),
energy expenditure over a defined period (eg. kcals/day) or minutes spent at light,
moderate and vigorous physical activity [119]. Levels of physical activity (eg.
moderate, vigorous) can be described based on the intensity at which an activity is

performed compared to the intensity of rest [118].

Currently, there is no consensus on a “gold standard” method for assessing physical
activity in free living conditions. Some more common methods of assessing free
living physical activity include self-reported questionnaires, instrumental movement
devices and direct observation [123]. Self-reported measurement tools include
guestionnaires, physical activity diaries and previous day physical activity recalls.
Self-reported tools are susceptible to recall bias and social desirability bias [119].
Baranowski, 1984 also suggested that children under 10 years may not be able to
accurately recall their activities and may not fully understand the concept of

physical activity [124].

Though there are some measurement issues associated with objective physical
activity tools, they tend to produce less biased estimates when compared to self-

reported measures [125]. Instrumental movement devices have become more
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commonly used over the previous decade. Pedometers are instrumental movement
devices which estimate the total number of steps taken but do not measure the
intensity of activity [123]. An accelerometer is a motion sensor device which
measures movement through acceleration and can measure the duration and
intensity of physical activity [123]. Decisions made during data collection and data

processing of instrumental movement devices can influence results [126].

As there is no consensus of the analysis and interpretation of accelerometer data, a
number of practical measurement issues associated with data collection and data
processing need to be considered when conducting a study [126]. The duration of
the measurement period should reflect habitual patterns in day to day variability of
physical activity and sedentary patterns. In order to capture habitual patterns in
children, it has been suggested that 4 to 9 days of data collection are needed
including week and weekend days [127]. Non-wear time needs to be considered
during processing and refers to periods of noncompliance where an individual does
not wear their accelerometer. Definitions are available to help distinguish non-wear
time from sedentary time [126]. Invalid data readings need to be considered and
are those that are unusual or implausible. There is no consensus on how to define
invalid data and different studies use different definitions [128]. The choice of
thresholds to define the intensity of activity should be carefully selected as this can
influence the amount of time children are categorised at each activity intensity

[126].

32



2.7.2. Levels of physical activity in children

A large proportion of children are not meeting WHO recommended physical activity
guidelines [129]. These estimates vary widely within and between countries. Recent
self-reported Irish estimates from 10-18 year olds suggested that 19% of primary
school and 12% of post primary school children met recommended levels of MVPA
[130]. Self-reported data from the Health Behaviour in School Aged Children study
2010 suggested that 31% of 11 year old Irish girls and 43% of 11 year old Irish boys
were achieving 60 minutes of MVPA per day [131]. A further pedometer based
study in Ireland found that 75% of girls and 62% of boys met daily step count
recommendations (>12,000 steps per day for girls and >15,000 steps per day for
boys). Using accelerometer data, Riddoch et al, found that only 2.5% of 11 year old
British children (0.4% of girls and 5.1% of boys) achieved on average 60 minutes of
MVPA per day [132] whereas van Sjuijs et al, 2008 reported that 80% of British boys
and 60% of British girls aged 9-10 years achieved 60 minutes per day. Variations in
levels of physical activity may reflect varying methods of measurement or

definitions of levels of physical activity.

2.7.3. Physical activity and obesity

Associations between physical activity and obesity have been relatively consistent.
Most studies have used MVPA to describe physical activity levels. Jiménez-Pavén et
al, 2010 reviewed literature on the association between objectively measured
physical activity and childhood obesity [133]. The authors suggested that there was
strong evidence to suggest that higher levels of physical activity were associated

with lower levels of adiposity. The authors also suggested that the evidence in this
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review was more consistent than previous reviews and that this may be due to the
objective nature of the physical activity measurements. A further review by
Prentice-Dunn & Prentice-Dunn, 2012 found some mixed findings from cross-
sectional studies which examined the association of physical activity and sedentary
behaviour on the risk of childhood obesity [134]. Some included studies found that
sedentary behaviour was a stronger risk factor for childhood obesity when
compared to physical activity. Wilks et al, 2010 assessed prospective studies on the
association between measured physical activity and changes in adiposity in
children. The authors reported that baseline physical activity may not be an

important predictor of changes in adiposity over time in children [135].

Few studies have assessed the full spectrum of physical activity levels and
associations with childhood overweight and obesity. Steele et al, [136] reported an
inverse association between time spent in moderate, vigorous and total activity
with measures of adiposity, reporting that higher intensities of physical activity
were more strongly associated with lower adiposity, independent of sedentary
time. Chaput et al, [137] reported similar findings to those found by Steele et al, but

suggested that sedentary time was not associated with adiposity.

2.8. Sedentary behaviour
As time spent at sedentary behaviours has increased in recent years due to cultural,
social and economic change, there has been increasing interest in the association

between sedentary behaviour and childhood obesity [138]. Sedentary behaviour
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can be defined whereby very little energy is being expended (<1.5 METS), a person
is sitting or lying down and is awake [139]. Similar to physical activity, sedentary
behaviour has multiple dimensions including total time spent sedentary and type of
sedentary behaviour. Types of sedentary time include television (TV) viewing, the
use of computers, use of video games and sitting. Sedentary time and behaviour
data can be measured by self-report or through objective measurement tools
including accelerometers. A number of studies have used a proxy measure of
sedentary time including time spent watching TV when assessing risk factors for
childhood obesity [140]. Current American recommendations suggest that children

should spend no more than two hours per day at screen time activities [141].

Some recent evidence now suggests that time spent sedentary is an important
determinant of childhood overweight and obesity, independent of time spent at
MVPA [142]. This suggests that physical activity and sedentary time are separate
constructs reflecting that sedentary time can have a specific impact on obesity in
children independent of MVPA [143]. For example, sedentary time may influence
obesity risk due to increased energy intake whilst sitting. A higher energy intake
may result if foods are consumed whilst sedentary or if exposure to food and drink
advertisements influences food choice [144-146]. Blundell, 2011 [147] suggested
that sedentary time may be associated with weight gain as a result of poorly

regulated appetite.
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2.8.1. Sedentary behaviours and obesity

A number of studies have reported an association between screen time activities,
particularly TV viewing and childhood obesity [148-150]. However, many cross-
sectional studies which have found an association between TV viewing and obesity
in children have reported small effect sizes and measurement issues which may
play a role in explaining this [151]. Braithwaite et al, 2013 reported a dose response
association between TV viewing and BMI [152]. Lane et al, 2013 reported an
association between screen time and the risk of childhood obesity in Irish children
[153]. The authors reported that children who spent greater than 3 hours per day at
screen time activities were at an increased risk of overweight and obesity than

children who spent less than 3 hours per day at screen time activities [153].

However, as screen based activities only makes up a proportion of total sedentary
time, an increasing number of studies are using accelerometer derived data to
estimate total sedentary time. To date, the association between total sedentary
time and the risk of childhood overweight and obesity remains equivocal [136, 137,
154-156]. Herman et al, 2014 report that overweight and obese children spend
more time sedentary (accelerometer based data) and spend more time at screen
time activities when compared to normal weight children [157]. However, Carson et
al, 2011 reported that overall volume of sedentary behaviour was not associated
with waist circumference whereas increased TV viewing time was associated with a
larger waist circumference in 10-16 year olds. Kwon et al, 2013 [158] also reported

that sedentary time did not impact on adiposity independent of MVPA. Low
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between children variability in time spent sedentary may explain these inconsistent

findings [156].

2.9. Family level factors for childhood overweight and obesity

A combination of shared family genetic, environmental and socio-economic factors
can play an important role in determining child weight status [159]. Rapid increases
in obesity rates suggest that shared family behaviours within the home
environment can influence the risk of obesity. The shared family behaviours are
thought to be influenced by parental lifestyle choices and behaviours including
feeding practices, meal patterns, level of fast food consumption, media use and
family based physical activity [160-164]. For example, risk factors can cluster within
the family [165]. Steffen et al, 2013 recently reported parent child correlations
between weight status and between screen time [164]. In the sections below,
parent weight status and family SES are discussed as factors which reflect important

aspects of the shared family environment.

2.10. Parent weight status

Parent weight status can be measured using a number of anthropometric measures
though BMI is commonly used to define overweight and obesity. Parent BMI can
either be self-reported or objectively measured. Self-reported data tends to be
inaccurate as people often overestimate their height and underestimate their

weight [166]. The WHO definitions based on BMI are commonly used to describe
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adults as normal weight (>18.5 to <25 kg/m?), overweight (225 to <30 kg/m?) or

obese (230 kg/m?) [1].

Parental obesity has been described as a predominant risk factor for childhood
obesity [167-169]. Both maternal and paternal weight statuses have been reported
to be predictive of child weight [170, 171]. The relationship between parent weight
status and child weight status has been found to be slightly stronger for mothers
than for fathers [172, 173]. The Kiel Obesity Prevention Study found that 32% of
obese children had an obese mother while 29% of obese children had an obese

father [173].

Many studies have examined the extent to which parental overweight and obesity
is associated with child weight [174]. The findings suggest that parental overweight
increases the risk of childhood obesity and that there may be a graded association
between parent and child weight status [175]. However, many studies have used
self-reported parental weight. Wake et al, 2006 used self-reported data and found
that having an overweight mother doubles the odds of a child being overweight or
obese at age 5 when compared to children with a normal weight mother. Having an
obese mother tripled the odds of obesity at age five in this study [176]. Ochoa et al,
2009 also used self-reported data and found that children with two obese parents
were over eight times more likely to be obese when compared to children with two

normal weight parents [177].
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Fewer studies have used measured parent weight status and of these a limited
number have used a combined single index to assess how parental weight status
influences child weight status. Garipagaoglu et al, 2009 and Whitaker et al, 2010
found similar results where children with obese parents were 12 times more likely
to be obese compared to children with normal weight parents [175, 178]. At age 8,
Magarey et al, 2003 found that children with 2 overweight parents were 8 times
more likely to be overweight compared to children with normal weight parents
[179]. Francis et al, 2007 presented similar findings in children aged 13 [180].
Perez-Pastor et al, 2009 presented results separately for boys and girls aged 8.
Results were presented based on the weight status of the same sex parent. The
study found that girls were 10 times more likely to be obese if their mother was
obese and boys were 6 times more likely to be obese if their father was obese

[181].

2.11. Socio-economic status

Socio-economic factors are associated with health inequalities [182]. SES represents
the social standing and socio demographic context in which an individual lives
[182]. Child or family level SES can be measured using a number of indicators
including parental education, social class or parental income. The indicator used to
describe the relationship between SES and obesity may influence the association
[183] as SES may contribute to multiple dimensions of the shared family

environment. For example, SES may influence dietary behaviour through level of
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nutritional knowledge, food affordability or access to food stores [184-187]. Each of

these factors may operate via different pathways to impact on diet and obesity risk.

Though a number of studies have suggested that children from a lower SES have a
higher prevalence of obesity than children of a high SES [188-190], evidence of an
association between SES and childhood obesity remains equivocal. This was
highlighted in a literature review by Sobal and Stunkard, 1985 [9]. Shrewsbury and
Wardle, 2012 recently published a systematic review on the association between
measures of SES and adiposity in children. Of the included studies, 42% found an
inverse association between SES and adiposity, 27% of studies found no association
and 31% of studies found mixed findings (either inverse or no association) across
subgroups of the included populations (type of SES indicator, adiposity indicator,

gender etc.) [183].

Findings from a multicentre study of eight European countries found an inverse
gradient between SES and childhood obesity in five of the participating countries.
The study suggested that parental education and parental occupation contributed
more to the gradient than household income [191]. Shrewsbury and Wardle, 2012
also reported that parental education may be most consistently associated with

childhood obesity [183].
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2.12. Environmental level factors for childhood overweight and obesity

The environment is a broad term which describes the physical, societal and
governmental level structures in which people live. The environment can influence
lifestyle choices and obesity risk [192]. This section briefly describes the built
environment with a specific focus on the impact of the local environment on diet

and obesity.

2.13. Built environment

The built environment is the term coined to describe characteristics of an
individual’s environment which have been modified or are human-made [193].
Characteristics of the built environment can either promote or hinder lifestyle
choices associated with obesity including diet or physical activity [194]. Factors
which hinder positive lifestyle choices can influence the risk of obesity via a number

of mechanisms.

The built environment encompasses physical, social and economic aspects of the
local environment. Each of these aspects of the environment can influence
behaviours and obesity risk [195]. Physical aspects include land use, public
transport options and the availability of local resources including food stores and
recreational facilities. Social and economic aspects can influence the level of
resources available to local residents. For example, more disadvantaged areas may

have poorer infrastructure or less transportation options than more affluent areas
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[11, 193, 196]. Perceived neighbourhood safety and access to green space in the
community may influence physical activity levels [193]. Safer areas and areas with
greater connectivity of pathways may influence greater levels of walking or cycling
whereas areas perceived as being less safe or that may have greater levels of
antisocial behaviour may hinder against people choosing more active forms of

transport [11].

2.13.1 Overview of food availability

The food environment is one aspect of the built environment which can influence
diet and obesity. The food retail sector in developed countries has changed
dramatically since the 1960s. For example, cultural and socio-economic shifts at
that time such as increasing numbers of women in the workforce and increasing
transport options led to a greater demand for value for money and for a wider
range of food products [197]. This resulted in an increasing number of
supermarkets and this competition led to a decline in the number of smaller food
stores. More recently, discount stores such as Lidl and Aldi, which tend to stock a
limited amount of products at low price, have entered the Irish and UK market

[197, 198].

The local food environment can influence food choice by restricting the availability
or affordability of healthy foods [76, 197, 199, 200]. For example, the term ‘food

desert’ was first coined in Scotland in the early 1990s to describe well populated
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urban areas where residents have little access to an affordable and healthy diet.
Typically ‘food deserts’ are associated with a low income or with living in a deprived
neighbourhood [201]. Lack of supermarkets in poorer communities has been
described as a predominant factor associated with poor food choice and

affordability [197].

The concept of ‘food deserts’ has led to a new field of research on the impact of
food access on health at an individual and household level [197]. To date, the focus
on food access research has focused on the number, type and size of stores within a
geographically defined area. In addition, the cost, range and quality of foods
available in stores within these geographically defined areas have also been
explored [197]. Food accessibility can be assessed using a number of methods of
measurement including proximity and density. Proximity is the distance between a
food outlet and a second location often the home or school. Density is the number
of food stores within a predefined radius of a predefined location (eg. the home).
The proximity and density of food outlets with the local environment may influence

food choice by either increasing or reducing food choices available [202].

2.13.2 Food availability and the retail sector in Ireland

The lIrish grocery sector can be divided into three groups: ‘vertically integrated
retailers’, ‘group and symbol stores’ and ‘independent retailers’. ‘Vertically

integrated retailers’ own or operate multiple retail outlets (subdivided into
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‘multiples’ and ‘foreign discount stores’). ‘Multiples’ are Dunnes Store and Tesco
while ‘foreign discount stores’ include Aldi and Lidi. ‘Affiliated retailers’ typically
own and operate one retail outlet under a retail brand or franchise (known as
‘group and symbol stores’). Examples include Supervalu and Centra. ‘Independent

retailers’ include independent retailers, forecourt garages and newsagents.

‘Vertically integrated retailers’ have the largest share of the Irish market and are
commonly used by all social groups though there is a price differential between
food outlet types. Different food outlets also stock varying ranges of food types in
Ireland. Foreign supermarkets have been found to be the cheapest food outlets
[203]. Foreign supermarkets tend to stock a smaller range of foods than other
supermarkets. Socio-economic differentials have also been observed in Ireland
where low income groups shop more in smaller convenience stores [204-207].
Convenience stores tend to stock less healthy food such as fruit, vegetables and
whole grain products and tend to stock a larger proportion of processed, energy
dense foods. Convenience stores also tend to be more expensive than

supermarkets [198, 207].

Limited research has been conducted in Ireland to explore the impact of food
access in the local area on dietary intake and obesity. However, there is some
evidence from other countries and a synopsis of this evidence is outlined below and

further literature is available in Chapter 9.
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2.13.3 Food availability in the local area, diet and obesity

Most of the research on the food environment is from North America where
findings suggest that healthy foods are more expensive and less available in poor
areas compared to wealthy areas. Poorer areas were found to have less
supermarkets, more convenience stores and more fast food outlets than the
wealthier areas [208-211]. Morland & Evenson, 2009 reported lower levels of
obesity in areas with supermarkets and higher levels of obesity in areas with
convenience stores or fast food outlets [212]. Spence et al, 2009 reported that
proximity to convenience stores and fast food outlets was associated with obesity
risk in Canadian adults [213]. Fewer studies in the USA have explored how the food
environment impacts on diet and obesity risk in children and adolescents. However,

similar trends have been observed in American adolescents [214].

To date, research from other regions remains equivocal. Some studies have found
positive associations, others have found no associations and a small number of
studies have shown counterintuitive findings between dietary intake and the local
food environment [215]. For example, Mason et al, 2012 found strong evidence of
an association between the purchase of fruit and vegetables and the proportion of
healthy food outlets in an area in Australia [216]. On the other, Simmons et al,
failed to find an association between access to takeaways and obesity risk in rural
areas of Australia [217]. Few studies have assessed the impact of the local

environment on diet and obesity in children [202].
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2.14. SUMMARY

Obesity is an excessive or abnormal fat accumulation which poses a threat to the
health and wellbeing of children. Globally, prevalence rates have increased rapidly
between the 1970s and 1990s. There is a considerable evidence base on risk factors
for childhood overweight and obesity. However, risk factors for obesity have
traditionally been poorly measured. This is partly due to practical and epidemiologic

challenges associated with measuring diet, physical activity and obesity in children.

Due to the complex nature of obesity and substantial error associated with
measuring risk factors for obesity, there is an urgent need to utilise more robust
and objective measurement tools. This is particularly true in Ireland where
objective data are scarce. In order to develop an understanding on how to reverse
the current childhood obesity epidemic, it is essential we understand the complex
set of multilevel influences associated with childhood overweight and obesity. Risk
factors explored in this thesis have been described in this chapter and further

details on each risk factor are presented in the results chapters (see Chapters 5-9).

This thesis will use a social ecological framework to examine multilevel risk factors
associated with childhood overweight and obesity in Ireland, with a particular focus
on diet and physical activity. This thesis will explore individual level lifestyle factors
along with the wider family and environmental context in which children live. A

number of practical issues associated with the design, conduct, and analysis of diet,
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physical activity and obesity data are considered and described throughout this
thesis. This thesis aims to contribute to the current evidence on the direction,
magnitude and contribution of risk factors associated with childhood overweight

and obesity.
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3.1. Abstract

Background

The prevalence of childhood overweight and obesity in developed countries
appears to be levelling off. As trends in childhood obesity prevalence has not been
examined over the past decade in the Republic of Ireland, this systematic review
aims to compile and synthesise all available information on the prevalence of

overweight and obesity in primary school aged children between 2002 and 2012.

Methods

Systematic review of published and grey literature containing data on objectively
measured height and weight. Inclusion criteria included studies where data was
collected between 2002 and 2012 from at least 200 primary school aged children in
the Republic of Ireland. Database searching, Google searching, reference searching
and contact with obesity experts was undertaken. Overweight, obesity and morbid

obesity were defined using standard IOTF definitions. Study quality was assessed.

Results

Fourteen studies (16 prevalence estimates) met the inclusion criteria. The
combined prevalence of overweight and obesity within the studies ranged from 20-
34%. No significant trend in overweight prevalence over time was observed (p=0.6).

However, there was evidence of a slight decrease in obesity prevalence over the
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period (p=0.01), with a similar though non-significant decline in the prevalence of

morbid obesity (p=0.2).

Conclusion

The findings of this systematic review require cautious interpretation though the
prevalence of childhood overweight and obesity in the Republic of Ireland has
reached a plateau and may be falling. These findings provide some ground for
optimism though the current plateau is at an unacceptably high level. Thus

population based preventive strategies need to be sustained and intensified.

50



3.2. Background

In the latter three decades of the 20th century, a two to three fold increase in
overweight and obesity prevalence rates in school aged children was reported in
many industrialised regions. This includes countries in North America and Western
Europe [2]. By the year 2000, estimates suggested that between 25-33% of all
children in many developed countries were either overweight or obese [31, 37] and
future projections anticipated prevalence rates would continue to increase

significantly [33].

However, recent evidence from some developed countries suggests that childhood
overweight and obesity prevalence rates have stabilised since the early 2000s [218,
219]. Olds et al, [220] collated data from 467,294 children from 9 countries
(including countries from Western Europe, North America, Oceania and Asia) and
separately assessed overweight and obesity trends over time. The authors found
that trends in both overweight and obesity prevalence appeared to be stabilising
between 1995 and 2008. Rokholm et al, [32] conducted a systematic review and
assessed the prevalence of childhood obesity in 17 countries (including countries in
Western Europe, North America and Australia) since the year 1999. While there
was some conflicting evidence, overall the findings suggested that obesity
prevalence had stabilised in many developed countries though patterns were less

consistent amongst lower socio-economic groupings.

Perry et al, [221] collated data from three large scale national surveys on the height

and weight of Irish children between 1948 and 2002. The findings indicated that the
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weight of Irish children had increased disproportionally to their height. In 2008, the
WHO childhood obesity surveillance initiative commenced in Ireland and this
initiative will provide ongoing data on the height and weight of Irish children aged 7
[222]. However, trends in childhood overweight and obesity in the Republic of
Ireland have not been examined over the past decade. The prevalence of morbid
obesity in Irish children also remains unknown. Therefore, this systematic review
aims to objectively synthesise all available information on the prevalence of
overweight and obesity (including morbid obesity) in primary school aged children

in the Republic of Ireland over a ten year period from 2002-2012.

3.3. Methods

3.3.1. Search strategy

The search strategy is summarised in Figure 2 with further details available at

http://www.biomedcentral.com/1471-2458/14/974/additional. Medline, EMBASE,

Academic search complete and CINAHL were systematically searched for relevant
literature in April and May 2013. For each database, searching was conducted using
a combination of the following search terms: obesity, overweight, obese, body
mass index, BMI, Ireland, Irish, child*, school children, schoolchildren, pediatr*,
paediar*, girls, boys, prevalence, rate, trend, increase, decrease. Search terms were
combined using the AND or OR operators. Limits were applied on year of

publication (from 2002 onwards) and age (primary school age) of participants.
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A Google search was conducted in May 2013 using the search terms: prevalence,
child, obesity, Ireland. Google advanced search commands were applied using the
‘site or domain’ option with .ie webpage’s searched only. The first 20 pages were
searched for relevant literature. Publically available Irish databases or national
agencies websites (Irish Social Science Data Archive, Safefood, The Health Well,
Department of Health and Children’s Irish child health database) known to the
authors of this review and available on the Internet were searched for relevant
literature in April and May 2013. A number of obesity experts working in Ireland
were identified by the authors of this systematic review. Each expert was contacted
either by email or via an announcement made at an Irish obesity action meeting

held in June 2013 (http://www.safefood.eu/Professional/Nutrition/All-island-

Obesity-Action-Forum.aspx). Information was sought on any data sources not

located during the database searching. Data sources known to the authors of this
review were also considered for inclusion. A reference search of all eligible papers
was conducted to identify additional literature. Findings from one included study
(the WHO European Childhood Obesity Surveillance programme) were updated
during the writing of the review and the updated findings included in the current

review [223].

3.3.2. Inclusion criteria

Inclusion criteria for this review were as follows:
1. Studies conducted in the Republic of Ireland where data collection was

undertaken between 2002-2012;
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2. Cross-sectional or cohort studies where height and weight were objectively
measured;

3. Studies reporting overweight and obesity prevalence estimates using IOTF [27]
definitions for BMI or where data was available to calculate BMI;

4. Studies including at least 200 children of a primary school age (approximately 4-

12 years).

Peer-reviewed publications, grey literature and baseline data from population
based intervention studies were considered for inclusion. Studies containing
participants from Northern Ireland only, self-reported data or which reported the

effect of a treatment or intervention for childhood obesity were excluded.

3.3.3. Quality assessment and data extraction

The methodological quality of all included studies was assessed and extracted by
two independent reviewers (Eimear Keane, Janas M Harrington). Any
disagreements were resolved by consensus. Appendix 1 (Table 29) provides an
outline of the quality assessment criteria and critical appraisal of each study can be

found at http://www.biomedcentral.com/1471-2458/14/974/additional. Eight

criteria were used which were adapted from those outlined by Radulescu et al,
2009 [224] for assessing the quality of prevalence studies. The quality of included
papers were categorized as ‘high’ if 7-8 criteria were met, ‘moderate’ if 5-6 criteria

were met and ‘low’ if 4 or less criteria were met.
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3.3.4. Statistical analysis

Data analysis for this review was conducted in Stata 12 IC (StataCorp LP, USA).
Where raw data was provided, children were categorised using the zbmicat
function (a Stata add-on program) as normal weight, overweight or obese using age
and gender specific IOTF definitions [225]. Year of data collection was ranked from
oldest to newest and Cuzick’s non-parametric trends test was used to
conservatively test for trends in overweight and obesity prevalence over time.
Trends were assessed separately for all studies, nationally based and regionally
based studies. Within the included studies, trends in overweight and obesity over
time were assessed separately for girls and boys. The included studies were
grouped into 3 independent categories based on the age range of the participating
children as 4-7.9 years only, 8-13.9 year only or 4-13.9 years. Trends in overweight
and obesity were then assessed separately within each of the age groups. Three of
the included studies had raw data available (including the CCLaS Study [see Chapter
4 for more detail]) [226, 227] to estimate the prevalence of morbid obesity (BMI
cut-off of 35 km/mz) using extended IOTF definitions [30]. A fourth study with
available data was excluded as height and weight measures were truncated [228].
Children were classified as morbidly obese based on gender and 6 month age

category.
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3.4. Results

3.4.1. Identification and selection of studies

Five hundred and thirty five titles were retrieved from electronic database
searching and 11 from the other sources searched. Duplicate titles were removed
(N =33) and 513 titles/abstracts were reviewed and considered for inclusion. After
initial screening of titles and abstracts, 19 full texts were retrieved and read for
relevance. Electronic database searching resulted in 8 studies being identified for
inclusion, of which one study was updated during the writing of this systematic
review. One further relevant study was identified during reference searching, 3
from contact with obesity experts and 2 from the authors of this reviews awareness
of other grey literature sources. Overall, 14 studies (with 16 prevalence estimates
reported in 15 papers) met all the inclusion criteria. Figure 2 displays the results of

the search strategy.

3.4.2. Description of included studies

Table 1 describes each of the included studies. The included studies were primarily
cross-sectional. One study was a retrospective cohort study and two studies were
baseline findings from intervention studies. Four studies (6 prevalence estimates)
were based on national samples whereas 10 were regional samples. The sample
sizes ranged from 204 to 14,036. Table 2 contains details on the methods of
measurement and the limitations (which were identified by the authors of this
review) of each study. Of the included studies, 5 studies were considered to be of

‘high’ quality, 9 of ‘moderate’ quality and 1 of ‘low’ quality. Table 1 contains the
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critical  appraisal score given to each included studies (see

http://www.biomedcentral.com/1471-2458/14/974/additional for more details).

Overall, the combined prevalence of overweight and obesity in the national and

regional studies ranged from 20-26% and 21-34% respectively.

3.4.3. Prevalence of overweight and trends over time

Figure 3 and Table 3 describe the prevalence of overweight and obesity within each
included study. Within the national and regional based studies, the prevalence of
overweight ranged from 15-19% and 15-26% respectively. The prevalence of
overweight ranged from 17-21%, 15-26% and 15% within the ‘high’, ‘moderate’ and
‘low’ quality studies. No significant trend in overweight prevalence was observed
over time among all included studies (p=0.6), national studies (p=0.09) or regional

studies (p=0.8).

3.4.4. Prevalence of obesity and trends over time

The prevalence of obesity ranged from 4-7% in the nationally based studies. The
prevalence of obesity ranged from 5-11% in the regional studies. The prevalence of
obesity ranged from 7-9%, 4-11% and 6% within the ‘high’, ‘moderate’ and ‘low’
quality studies. A small, significant declining trend in obesity prevalence was
observed over time when all studies were reviewed (p=0.01). No significant trend
over time was observed for the national (p=0.09) studies and a borderline

significant trend over time was observed for the regional studies (p=0.05). When
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overweight and obesity prevalence rates were combined, trends were not

significant.

3.4.5. Prevalence of morbid obesity and trends over time

Morbid obesity prevalence estimates were available for three of the included
studies. Based on year of data collection from least to most recently collected data,
the prevalence of morbid obesity in each of the three studies was 2.2% [229], 1.0%
[226] and 0.8% (CCLaS Study). The highest prevalence estimate was reported in the
earliest (2002) study. The reduction in estimates over time was not significant

(p=0.2).

2.4.6.Prevalence and trends by age and gender

The prevalence of overweight and obesity in the national studies was consistently
higher in girls than boys. Within the included studies, a significant trend over time
was observed for obesity rates in girls in all included studies (p=0.04) but not in
boys (p=0.2). When trends in overweight and obesity prevalence over time were
assessed within the studies that collected data in children aged 4-7.9 years only, 8-

13.9 years only and from 4-13.9 years, no significant trends were observed.
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3.5. Discussion

3.5.1. Main findings

This systematic review aimed to synthesize all available overweight and obesity
prevalence data from primary school children in the Republic of Ireland between
2002 and 2012. Fourteen studies (16 prevalence estimates) were included in the
review. Due to limited comparability between studies, the results of this review
were difficult to interpret. However, similar to trends in other developed countries
[32, 230], this review suggests that while childhood overweight and obesity

prevalence rates remain high in Ireland, prevalence rates appear to be stabilising.

Within the included studies, no trend in overweight prevalence was observed over
time. Overweight prevalence varied slightly (non-significant trend) in the nationally
based studies with the lowest prevalence of overweight reported in the study
where data was collected most recently [223]. This may reflect the age of the
included participants rather than a decrease in the prevalence of overweight. The
children who participated in the most recent studies were 7 years of age [222, 223].
Pubertal maturation is associated with an increased BMI [31, 231] and this may
partly explain the lower prevalence of overweight and obesity in the later
completed study. Alternatively, differences in methodologies between studies may

explain findings.

A statistically significant trend over time in obesity prevalence was observed.

Obesity prevalence remained constant at 7% in the nationally based studies
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between 2002 and 2008 with the prevalence of obesity reducing to 4% thereafter.
The results from the regionally based studies were difficult to interpret and
prevalence rates varied considerably between studies. The quality of some of the
regional studies or the generalisability of the study populations may act as an
explanation. For example, two of the regional studies [232, 233] were completed in
areas of high social deprivation. Thus, higher prevalence rates may have been
estimated in these studies as a lower socioeconomic status is associated with an

increased risk of obesity [189].

Morbid obesity data was available for three of the included studies. The results
suggest that up to 1 in 50 Irish children are morbidly obese. The lower prevalence
of morbid obesity reported in the studies where data was collected most recently
may reflect that obesity is receiving increasing attention from the media [234],
government organisations [235] and from research institutions. This may have
increased awareness of the obesity epidemic in the Irish population and acted as a
disincentive for obese children and their parents to participate in studies measuring
BMI. Alternatively, the lower prevalence of morbid obesity in the most recent study
may reflect a small downward shift in the population distribution of BMI in children

in the Irish population [236].

To date, few childhood obesity interventions have been implemented in the
Republic of Ireland and interventions are unlikely to explain why childhood
overweight and obesity rates may be stabilising. Recent interventions in the

Republic of Ireland have targeted specific populations such as those who are
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morbidly obese [237]. Other interventions have targeted specific behaviours
associated with obesity including fruit and vegetable consumption [238], physical
activity levels [239] or screen time [232]. The magnitude of the problem of
childhood overweight and obesity in the Republic of Ireland requires interventions
which should be targeted at a population level. Other explanations for our findings
include the relatively short time frame of included studies. A greater time period
may be required to observe a clear trend in prevalence rates, especially when
comparing studies with different sample sizes, age ranges and using varying

methods.

3.5.2. Childhood overweight and obesity rates in other developed countries

Though the prevalence of childhood obesity appears to have stabilised in a number
of countries, the prevalence of overweight and obesity continues to vary
significantly between and within countries. The current prevalence of overweight
and obesity in the Republic of Ireland is broadly similar to other European
estimates. For example, the EuropeaN Energy balance Research to prevent
excessive weight Gain among Youth (ENERGY) Project study measured BMI across
seven European countries and found that 25.8% of boys and 21.8% of girls were
overweight or obese though prevalence rates did vary from 14% in girls from
Belgium to 44% of boys from Greece [240]. Contrary to the ENERGY Project study,
the findings of our review suggest that the prevalence of overweight and obesity in
the Republic of Ireland is higher in girls than boys. Social and economic factors may

help explain why prevalence rates vary between countries. Brug et al. 2012, suggest
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that socioeconomic factors or cultural factors may play an important role when
explaining varying overweight and obesity prevalence rates between countries

[241].

3.5.3. Monitoring of overweight and obesity prevalence rates

Monitoring childhood obesity prevalence rates is an important public health
measure. In the Republic of Ireland, trends in childhood overweight and obesity had
not been routinely monitored prior to the introduction of the WHO European
Childhood Obesity Surveillance programme in 2008. Three phases of WHO
surveillance data have now been collected in 2008, 2010 and 2012 [222]. Over time,
this data will create a national database which will be comparable to surveillance

data collected in other European counties [35].

All children in senior infants (year two of enrolment) in primary schools in the
Republic of Ireland receive a health check. Measurement of height and weight is to
be included in a small subsample of schools. Based on this pilot project, height and
weight may be added to this routine health check. This would provide valuable
information on the height and weight of Irish children. However, ongoing
surveillance initiatives do not reduce the value of other studies collecting objective
height and weight data though it is essential that methods used between studies

are standardised.
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3.5.4. Recommendations for study reporting

This review has resulted in two recommendations for study reporting. Firstly,
confidence intervals (Cl) or standard errors should be reported with prevalence
estimates. This did not commonly occur in the included studies. Secondly, studies
should provide sufficient detail which would allow for replication of the methods

used.

3.5.5. Strengths and limitations

A comprehensive search strategy was used to locate relevant literature and contact
with obesity experts in Ireland resulted in some additional studies being identified.
A critical appraisal tool was adapted to assess the quality and potential sources of
bias within each included study. However, a standard critical appraisal tool to
access the quality of studies reporting prevalence estimates needs to be developed.
This review also has a number of limitations. The interpretation of the findings of
this review was difficult due to varying methods used in the included studies. As
detailed above, few of the included studies reported confidence intervals or
standard errors. It was therefore difficult to interpret the accuracy of the point

estimates.

3.5.6. Conclusion

Though this review includes studies from a relatively short, 10 year time frame, the
prevalence of overweight and obesity in school aged children in the Republic of

Ireland appears to be stabilising. In the absence of routinely measured data from
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large and representative population samples, caution is needed in the
interpretation of these findings. There is a clear need to agree and disseminate
SOPs and methods for the conduct of studies on the prevalence of overweight and
obesity in childhood with particular reference to the issues of sampling and
response rates. Although the findings provide some grounds for cautious optimism,
one in four lIrish children remains overweight or obese. Thus, it is clear that
childhood overweight and obesity will remain an urgent priority issue for public

policy for the foreseeable future.
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Figure 2. Flowchart of studies included in the review

Records identified Records identified

through database through searching

searching (n=535) other sources (n=11)
A 4 \ 4

33 duplicates removed

\ 4

Records screened by title or by title
and abstract (n=513)

495 records excluded

A 4

[ 18 full texts assessed for eligibility

\ 4

14 studies included in systematic
review

4 records excluded:
data collected before
2002 (N=1), no
prevalence estimates
(N=3)
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Table 1. Descriptive information of included studies

Author Data Estimating | Sample | National | Age | Setting |Response Design Sampling Study
collection| prevalence size# or Rate quality
years |primary aim of regional (out
study data of 8)

Nationally based data
Whelton et |2001- Yes 14036 |National |4-13 |Primary |68% of  |Cross- Clustered sampling with schools as the 6
al, 2006 2002 schools |children [sectional clustering unit. Children were randomly
[227] selected on the basis of age, gender, location

of school and water type. Primary school

children in junior infants, second and sixth

class (year 1, 4 & 8 of enrolment) were

invited to take part
O’Neill et al, [2003- Yes 596 National |5-12 |Primary |66% of  |Cross- A list of primary schools was obtained from 5
2007 [25] 2004 schools [children [sectional the Dept of Education and Science. Schools

were categorised by location, gender, size

and disadvantaged status. Schools were

randomly selected from each category and

children randomly selected and invited to

take part
Layte & 2007- Yes 8136 National [9.0- |Home 57% of  |Cross- In stage one, primary schools were randomly| 7
McCrory, 2008 9.9 children |[sectional selected using a probability proportionate to
2011 [242] analysis of a [size (PPS) sampling method and in stage two

longitudinal [a random sample of age eligible children
study from within each school were invited to
take part
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Author Data Estimating Sample |National [Age [Setting |Response |Design Sampling Study
collection|prevalence size# or Rate quality
years primary aim of regional (out of

study data 8)

Heavey et al, 2008 Yes 2420 National |7.0- |Primary |72% of  |Cross- A nationally representative sample of 7

2009 [222] 7.9 |schools [children [sectional, primary schools was selected using a PPS

round 1 of [sampling strategy. Children in first class (year
WHO COSI |3 of enrolment) were recruited to
programme |participate. One class of first class children
were selected from large schools
Heinen et al, |2010 Yes 996 National |7.0- |Primary |64% of  |Cross- Schools who took part in round 1 [222] of 6
2014 [223] 7.7 |schools |children |[sectional, this surveillance initiative were invited to
round 2 of  [take part in round 2. Only children aged 7 in
WHO COSI  [first class were considered in this current
programme [analysis. One class of first class children were
selected from large schools

Heinen et al, 2012 Yes 991 National |7.0- |Primary |55% of |Cross- Schools who took part in round 1 [222] of 6

2014 [223] 7.7 |schools [children [sectional, this surveillance initiative were invited to

round 3 of |[take part in round 3. Only children aged 7 in

WHO COSI  [first class were considered in this current

programme [analysis. One class of first class children were
selected from large schools

Regionally based data

McMaster et [2001- Yes 328 Regional |4.2- |Primary [91% of |Retrospective|All senior infants (year 2 of enrolment) from 7

al, 2005 2002 (Counties |7.9 |schools [records |cohort all schools in the former North Western

[243] Leitrim had Health Board area. Paper copies of school

and height & health records were retrospectively hand
Cavan) weight searched for height and weight data in
measures March 2003
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Author Data Estimating Sample |National [Age [Setting |Response |Design Sampling Study
collection|prevalence size# or Rate quality
years primary aim of regional (out of

study data 8)

Harrison et {2003 No 312 Regional [9-11 [Primary |99% of Baseline Schools in areas of social disadvantage 5

al, 2006 (South- schools [children [findings from |located in the South East of Ireland were

[232] East of a health recruited to participate and children from 4™

Ireland) education class (year 6 of enrolment) were invited to
intervention |partake

Evans et al, [2004- Yes 3493 Regional |6.0- [Primary [99.7% of |Cross- All children from all 189 primary schools in 7

2010 [244] |2007 (County 16.9 |schools [children [sectional County Mayo had height and weight

Mayo) measures taken as part of the school health
check between February 2005 and June 2008
Barron et al, [2007 Yes 969 Regional |4.5- |Primary |83% of |Cross- Data collected from 2 single sex primary 5
2009 [245] (County |13.5 |[schools |children |sectional schools in a town in County Kildare as part of
Kildare) a larger research project
Murrin et al, [2007- No 529 (at |Regional [5-7 |Home 62% of  |Cross- Sample of 1124 expectant mothers recruited| 7
2012 [246] (2008 follow |data mothers |[sectional at 1° antenatal hospital visit in 2 hospitals
up) (Counties at follow- |analysis of a |over an 18 month period from 2001-2003
Dublin up prospective ([247]
and observational
Galway) Cross-
generational
linkage
cohort
Belton et al, |2008 No 301 Regional |6-9 |Primary |97% of  |Cross- Four mixed gender schools from the greater 3
2010 [248] (greater schools [children [sectional Dublin area were selected to take part in the
Dublin) study
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Author Data Estimating Sample |National [Age [Setting |Response |Design Sampling Study
collection|prevalence size# or Rate quality
years primary aim of regional (out of

study data 8)

Fitzgerald, [2008- No 204 Regional [9-12 |Primary |58% of  |Cross- Primary schools were randomly selected 6

2010 [249] |2009 (West of schools [children [sectional from the Department of Education and

Ireland) Science list of schools and invited to take
part in the study. All children in 4™ to 6"
class (years 6-8, of enrolment) were invited
to take part
HSE Meath, {2009 Yes 1468 Regional |11- |Primary |63% of |Cross- A complete sample of primary schools from 6
2009 [226] (County |13 |schools [children [sectional County Meath were invited to partake and
Meath) all children in 6™ class (year 8 of enrolment)
of participating schools invited to take part

Hollywood et|2009 No 537 Regional |4-12 Primary |Details |Baseline Primary school children from urban 5

al, 2012 (County schools  |not findings from |disadvantaged areas located in Revitalising

[233] Dublin) provided |a prospective |Areas by Planning Investment and

cohort study |Development (RAPID) areas in Dublin took

part in study. All children in Junior infants to
5™ class (year 1- 7 of enrolment) were
invited to take part
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Author Data Estimating Sample |National [Age [Setting |Response |Design Sampling Study
collection|prevalence size# or Rate quality
years primary aim of regional (out of

study data 8)

CCLaS Study |2012- Yes 1068 Regional |8-11 |Primary |65% of  |Cross- A list of primary schools was obtained from 6

2013 (County schools [children [sectional the Dept of Education and Science website.
Cork) Schools were recruited using a PPS sample

(with further purposive sampling) of Cork
city primary schools and all rural schools
from one area in Cork County were invited to
partake. All children in 3 and 4" class (year
5 and 6 of enrolment) were invited to take
part

#Sample sizes only include valid number of age eligible participants who provided valid objective height and weight measures
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Table 2. Details on method of measurements and limitations of the included studies

was worn for measures without shoes,
hair ornaments, pony tails undone and
empty pockets

standard protocol

Author Data collection |Height Weight Method of measurement Measurement Limitations A
year(s) measure measure personnel
Nationally based data
Whelton et al, 2001-2002 Leicester Soehnle 7403 |Height was measured to the nearest 1 (Trained Response rate not adequate
2006 [227] portable Mediscale decimal point in centimetres (cm) and [researchers took |and no information given on
height weight to the nearest 1 decimal point |measures using a |[non-responders
measure in kilograms (kg). Shoes, heavy clothing|standard protocol
and headgear were removed for
measures
O’Neill et al, 2007 |2003-2004 SECA SECA 770 Height was measured in the Frankfurt |Qualified Response rate not adequate,
[25] Leicester digital weight |plane position to the last complete nutritionists took |no information given on non-
height scales millimetre (mm) and weight to the measures responders and methods to
measure nearest 0.1kg. Light indoor clothing reduce observer bias not
was worn for measures without shoes, outlined
hair ornaments, pony tails undone and
empty pockets
Layte & McCrory, {2007-2008 Leicester SECA 761 flat |Height was measured to the nearest (Trained Response rate not adequate
2011 [242] portable mechanic mm and weight to the nearest 0.5kg. [researchers took |and no information given on
height scales Light clothing was worn for measures |measures non-responders**
measure
Heavey et al, 2008 SECA 214 SECA 872 Height was measured to the last Trained Response rate not adequate
2009 [222] portable weighing complete mm and weight to the researchers took [and no information given on
stadiometer |[scales nearest 0.1kg. Light indoor clothing measures using a |non-responders
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Author Data collection |Height Weight Method of measurement Measurement Limitations A
year(s) measure measure personnel
Heinen et al, 2014(2010 SECA 214 SECA 872 Height was measured to the last Trained Response rate not adequate
[223] portable weighing complete mm and weight to the researchers took [and no information given on
stadiometer |[scales nearest 0.1kg. Light indoor clothing measures using a |non-responders

was worn for measures without shoes,
hair ornaments, pony tails undone and
empty pockets

standard protocol

Heinen et al, 2014(2012 Leicester HD-305 Tanita |Height was measured to the last Trained Response rate not adequate
[223] height weighing complete mm and weight to the researchers took [and no information given on
measure scales nearest 0.1kg. Light indoor clothing measures using a |non-responders
was worn for measures without shoes, [standard protocol
hair ornaments, pony tails undone and
empty pockets
Regionally based data
McMaster et al, [2001-2002 Leicester Hansen digital |Height measured to the nearest 0.5cm {Two school nurses|No information given on non-
2005 [243] height weight scales |and weight to the nearest 500g. Light [took measures responders
measure clothing was worn for measures using a standard
without shoes, jackets and headgear |protocol
Harrison et al, 2003 Seca Leicester|Seca digital Children wore light clothing, without [Researchers were |Sampling method unclear, no
2006 [232] height floor scales shoes for measures trained in information given on non-
measure anthropometry |responders and not enough

detail provided on method of
measurement

72




Author Data collection |Height Weight Method of measurement Measurement Limitations A
year(s) measure measure personnel
Evans et al, 2010 |2004-2007 Leicester Tanita solar Height was measured to the nearest  [Trained public No information given on non-
[244] height weight scales [0.1cm and weight to nearest 0.1kg health nurses took|responders
measure using a standard protocol [250] measures. Intra-
observer
variability was
measured
Barron et al, 2009 {2007 Leicester Tanita WB-100 |Children wore tracksuits, without One qualified Sampling method used not
[245] height digital medical |shoes for measures paediatric nurse |clear, no information given on
measure weighing took all measures |non-responders and not
scales enough detail provided on
method of measurement
Murrin et al, 2012 {2007-2008 Leicester Tanita digital |Height was measured to the nearest ([Trained Response rate not adequate
[246] height weight scales |1cm and weight to the nearest 0.1kg. Alresearchers took
measure model HD305 [standard protocol was used measures using
standard
procedures
Belton et al, 2010 [2008 SECA SECA heavy No details given No details given |Sampling method unclear, no
[248] Leicester duty scales information given on non-
height responders, height and weight
measure measurements methods used

not described, inadequate
detail on equipment used and
efforts to reduce observer bias
not stated
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Author Data collection |Height Weight Method of measurement Measurement Limitations A
year(s) measure measure personnel
Fitzgerald, 2010 {2008-2009 Leicester Seca 899 Height was measured to the nearest |Standard Response rate not adequate
[249] height weight scales [0.1cm in the Frankfurt plane position |procedures were [and no information given on
measure and weight to the nearest 0.1kg. used. Intra non-responders
Measures were taken without heavy |observer
clothing and shoes variability was
tested
HSE Meath, 2009 (2009 Leicester Soehnle 7403 |[Height was measured in the Frankfurt |Researchers Response rate not adequate
[226] height Mediscale plane position to the nearest 1 decimaljtrained prior to  |and no information given on
measure point in cm and weight to the nearest |data collection.  |non-responders
1 decimal point in kg. . Measures were |Inter examiner
taken without shoes and without agreement was
excessive clothing tested
Hollywood et al, |2009 SECA SECA 875 Height was measured in the Frankfurt |One trained Sampling method unclear,
2012 [233] Leicester digital flat plane position. Measures were taken [children’s nurse |response rate not adequate,
portable scales in stockings without heavy outdoor took all the no information given on non-
height clothing measures responders and not enough
measure detail provided on method of
measurement
CCLaS Study 2012-2013 Leicester Tanita Height was measured in the Frankfurt [Trained Response rate not adequate
portable WB100MA plane position to the nearest mm and [researchers took |and no information given on
height mechanic weight to the nearest 0.1kg. Measures |measures using  [non-responders
measure scales were taken without shoes and in light |standard
clothing procedures

** The data was probability weighted prior to analysis to account for the complex sampling design. This involved the structural adjustment of the study
sample to the population level whilst maintaining the case base of participating children, » The limitations outlined in this Table were identified by the
authors of this systematic review during critical appraisal of each study.
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Figure 3. Prevalence of childhood overweight and obesity within the (A) nationally
and (B) regionally based studies

A. Nationally based
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Footnotes: Studies are presented by year of data collection. The study on the left
represents the prevalence of overweight and obesity from the study which collected data
least recently. The study which collected data most recently is presented on the right.
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Table 3. Prevalence of overweight and obesity in the included studies#

Study Data Sample/Age range |Prevalence of overweight Prevalence of obesity Prevalence of overweight
collection [size (including morbid obesity) [and obesity
year(s)
Boys (%) ‘Girls (%) ‘Total (%) [Boys (%) ‘Girls (%) ‘Total (%) [Boys (%) ‘Girls (%) ‘Total (%)

Nationally based data

Whelton et al, 2006 [227] 2001-2002 | 14036 4-13 17% 21% 19% 6% 8% 7% 23% 29% 26%
O’Neill et al, 2007 [25] 2003-2004 | 596 5-12 15% 20% 17% 4% 9% 7% 19% 29% 24%
Layte & McCrory, 2011 [242] | 2007-2008 | 8136 9.0-9.9 17% 22% 19% 5% 8% 7% 22% 30% 26%
Heavey et al, 2009 [222] 2008 2420 7.0-7.9 13% 19% 16% 5% 8% 7% 18% 27% 23%
Heinen et al, 2014 [223] 2010 1011 7.0-7.7 14% 20% 17% 4% 5% 4% 18% 24% 21%
Heinen et al, 2014 [223] 2012 1002 7.0-7.7 14% 17% 15% 3% 5% 4% 17% 22% 20%
Regionally based data

McMaster et al, 2005 [243] | 2001-2002 | 328 4.2-7.9 16% 18% 17% 9% 8% 9% 25% 26% 25%
Harrison et al, 2006 [232] 2003 312 9-11 27% 24% 26% 7% 9% 8% 34% 33% 34%
Evans et al, 2010 [244] 2004-2007 | 3493 6.0-6.9 17% 22% 19% 6% 9% 8% 23% 31% 27%
Barron et al, 2009 [245] 2007 969 4.5-13.5 18% 18% 18% 7% 7% 7% 24% 25% 25%
Murrin et al, 2012 [246] 2007-2008 | 529 5-7 19% 23% 21% 7% 8% 7% 25% 30% 28%
Belton et al, 2010 [248] 2008 301 6-9 14% 15% 15% 6% 6% 6% 20% 21% 21%
Fitzgerald, 2010 [249] 2008-2009 | 204 9-12.9 14% 24% 17% 9% 2% 5% 22% 26% 24%
HSE Meath, 2009 [226] 2009 1468 11-13 17% 20% 19% 4% 7% 6% 22% 28% 25%
Hollywood et al, 2012 [233] 2009 537 4-12 15% 23% 19% 12% 10% 11% 27% 33% 30%
CCLaS Study 2012-2013 | 1068 8-11 20% 21% 20% 4% 7% 5% 24% 28% 25%

#all prevalence estimates are rounded to the nearest whole number, as a result some numbers may appear not to add but this is due to rounding up or
down of prevalence estimates, *author of study contacted and asked to provide prevalence rates for overweight and obesity using IOTF definitions, *due
to the complexity of the WHO European Childhood Obesity Surveillance programme data, only prevalence estimates from the 7 year olds is presented in
this current review, *EK conducted the analysis to obtain prevalence estimates of overweight and obesity using IOTF definitions

76



4. DIET, PHYSICAL ACTIVITY, LIFESTYLE BEHAVIOURS AND
PREVALENCE OF CHILDHOOD OBESITY IN IRISH CHILDREN: THE CORK
CHILDREN’S LIFESTYLE STUDY (CCLAS) PROTOCOL (PAPER 2)

EIMEAR KEANE

PATRICIA M KEARNEY

IVAN J PERRY

GEMMA M BROWNE

JANAS M HARRINGTON

THIS PAPER WAS PUBLISHED IN JMIR RESEARCH PROTOCOLS IN 2014 (PLEASE SEE

APPENDIX 8)

77



4.1. Abstract
Background
Childhood obesity is complex and its aetiology is known to be multifaceted. The
contribution of lifestyle behaviours including poor diet and physical inactivity to
obesity remains unclear. Due to the current high prevalence, childhood obesity is
an urgent public health priority requiring current and reliable data to further

understand its aetiology.

Objective

The objective of this study is to explore the individual, family and environmental
factors associated with childhood overweight and obesity, with a specific focus on
diet and physical activity. A secondary objective of the study is to determine the

average salt intake and distribution of BP in Irish children.

Methods

This cross-sectional survey (CCLaS Study) was conducted in children aged 8-11 years
in primary schools in Cork, Ireland. Urban schools were selected using a probability
proportionate to size (PPS) sampling strategy, and a complete sample of rural
schools from one area in Cork County were invited to participate. Information
collected included physical measurement data (anthropometric measurements,
BP), early morning spot and 24 hour urine samples, a 3 day estimated food diary,
and 7 days of accelerometer data. Principal (school head) reported,
parent/guardian-reported, and child-reported questionnaires collected information

on lifestyle behaviours and environmental attributes. The CCLaS Study was
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designed by the Department of Epidemiology and Public Health in University
College Cork, Ireland in 2011 and 2012. Piloting and modification of study methods

was undertaken. Data collection took place between April 2012 and June 2013.

Results
Overall, 27/46 schools and 1075/1641 children of which 623 were boys

participated.

Conclusions

The CCLaS Study has collected in-depth data on a wide range of individual, family,
social, and environmental correlates which will allow us to access multilevel
influences on childhood obesity. This study will contribute to the evidence base by
highlighting current knowledge and gaps regarding the predominant drivers of

childhood obesity.
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4.2. Background

The CCLaS Study was designed by the Department of Epidemiology and Public
Health in University College Cork in 2011 and 2012. | was the lead researcher of the
CCLaS Study and was involved in the design, conduct and analysis of the study. The
CCLaS Study is funded by the National Children’s Research Centre, Crumlin, Dublin.

The data from this study is presented in Chapters 3, 5 and 6.

4.2.1. Rationale for the Cork Children’s Lifestyle (CCLaS) Study

Similar to estimates in other developed countries, one in four Irish children are
overweight or obese [2, 242]. With the high prevalence and known adverse
consequences of being obese [26, 61], childhood obesity remains an urgent public
health priority requiring current and detailed data to further understand its

aetiology and to inform public health policies and interventions [251, 252].

4.2.2. Framework for describing risk factors for childhood obesity in the CCLaS

Study

Social-ecological theory suggests that factors at multiple levels of influence
(individual, family, community and organizational factors) can enable or constrain
health related behaviours and should be considered when researching the
determinants of obesity [84]. There is increasing consensus that environmental and
lifestyle factors rather than genetic or biological factors are the primary drivers of
the current childhood obesity epidemic [75-78]. A number of likely determinants of

obesity have been identified including poor diet, physical inactivity, sedentary
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behaviour, low socioeconomic status and the built neighbourhood environment

[133, 241, 253-255]. Each of these risk factors has been described in Chapter 2.

There is a general perception that poor diet and physical inactivity are major
contributors to the current obesity epidemic [1]. However, the relative contribution
of poor diet and physical inactivity to childhood obesity are not well understood
[81, 87, 256, 257]. For example, little is known about dietary behaviours including
food choice [258] and salt intake in children [259]. High salt intake is associated
with poor diet [260, 261], high BP [262] and increased energy intake in children
[263]. However, the association between childhood obesity and salt remains
understudied with some research indicating that salt may be indirectly associated
with obesity through poor dietary choices including SSB intake [263]. This is of
concern as dietary behaviours are established at an early age [264] and both

obesity and BP track throughout one’s life [265].

The complex interplay between lifestyle patterns and environmental factors further
complicates uncovering pathways to obesity [70]. Studies containing in-depth data
on the association between a broad range of lifestyle factors and multiple measures
of weight status are sparse, particularly in the Republic of Ireland. A small number
of Irish studies have assessed diet, physical activity or weight status in children but
most have only collected data on either physical activity or diet. In addition, most
have used self-reported measures of weight status or physical activity and little
evidence is available on the wider environmental determinants of lifestyle patterns

and obesity [131, 228, 248]. As the CCLaS Study collected in-depth data on diet,

81



physical activity and weight status, this provides a unique opportunity to gain a
deeper understanding on the multilevel influences associated with childhood

obesity in Ireland.

The CCLaS Study aims to estimate the current prevalence of obesity in Irish children
and to explore determinants of childhood obesity at an individual, family and
environmental level with a specific focus on dietary patterns and physical activity.
The secondary aim of the CCLaS Study is to estimate average salt intake and

examine BP distribution in Irish children.

4.3. Methods

4.3.1. Aims and Objectives

The CCLaS Study aims to assess the current prevalence of overweight and obesity in
Irish children and explore risk factors at an individual, family, and environmental

level in a sample of children 8-11 years of age in primary schools in Cork, Ireland.

4.3.2. Primary Obijectives

A primary objective is to assess the weight status and estimate the current
prevalence of overweight and obesity using objectively measured height, weight,
waist circumference and skinfold thickness measurements in Irish children 8-11

years of age.
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The second primary objective is to explore individual, family, and environmental
factors associated with childhood overweight and obesity with a specific focus on

dietary patterns and objectively measured physical activity.

4.3.3. Secondary Obijectives

A secondary objective is to assess the average salt intake and distribution of BP in

children 8-11 years old in Ireland.

4.3.4. Study Population

The CCLaS Study is a cross-sectional survey conducted in Cork, Ireland. Cork is
located in the South West of Ireland and Cork City has a population of 120,000.
Mitchelstown is a rural area in Cork County with a population of >3000 and is
located approximately 50 kilometres from Cork City. Information on primary
schools in Cork City and Mitchelstown was obtained from the Department of
Education and Skills website. The website contains information on school name,
location, gender mix, size and disadvantaged status. Disadvantaged status is
assigned to schools based on the socio-demographic and socio-economic profile of
the families whose children attend the school [266]. At the national level, one in
five primary schools has disadvantaged status. However, nearly half of Cork City
schools have disadvantaged status, with approximately 40% of primary school

children in Cork City attending a disadvantaged school [266].
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Special needs schools and schools without age eligible children were excluded from
the sampling frame. All other primary schools in Cork City and Mitchelstown were
included in the sampling frame. At the time of sampling, there were 51 primary
schools with approximately 13,230 students in Cork City which met the sampling
frame criteria. All 5 primary schools in Mitchelstown (with approximately 800
students) met the sampling frame criteria [266]. Children in 3rd and 4th classes
(years 5 of 6 of enrolment into primary school) were the target population, as the
study wished to recruit children of a similar age to previously conducted Irish

research [228].

4.3.5. Sampling Method and Sample Size

The study aimed to recruit 1000 participants in order to estimate the prevalence of
overweight and obesity in Irish children with a precision of +2.7% assuming a 26%
prevalence rate of overweight and obesity within the study sample [229]. Allowing
for a response rate of 70%, it was estimated that 1500 participants would need to

be invited to partake in the study.

For the pre-pilot study, 2 city schools were recruited using convenience sampling.
For the pilot and main study, a PPS sampling strategy was used to select a random
sample of primary schools in Cork City. The PPS sample of city schools was based on
school size. A small school was defined as having <100 pupils, a medium school
having 100-300 pupils and a large school having >300 pupils. A complete sample of

schools in Mitchelstown was invited to participate in the study. In order to achieve
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the sample size requirements, the schools not willing to participate in Cork City
were replaced using a further purposive sampling strategy. The schools not willing
to participate were replaced to represent the sampling frame population for (1)
school disadvantaged status and (2) gender. As the recruitment of schools was
undertaken over two consecutive school years, schools were sampled without
replacement. All children in 3rd and 4th classes of participating primary schools
were invited to participate in the study. Figure 4 shows a summary of the sampling

and recruitment process.

4.3.6. School and Participant Recruitment

The principals (school heads) of selected schools were sent an invitation letter, an
information sheet and a presentation containing study details. The principals were
then contacted by telephone to arrange a face-to-face appointment with a study
researcher to discuss the study. During the study meeting with the principal, the
study aims, proposed methods and study procedures were discussed. With the
principals’ permission, the research team introduced the study to the 3rd and 4th
class children of participating schools and a parent/guardian information letter and
consent form was given to each child to bring home. The children were advised to
discuss the study with their parents/guardians and to return the consent form to
the school if they and their parents/guardians were willing to participate. The
parent/guardian consent form was divided into 3 sections. The first section gave

permission for the study child to participate in the study. The second section gave
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permission for a urine sample to be provided by the study child and the third

section gave permission for the urine sample to be stored by long term freezing.

4.3.7. Data Collection Methods

4.3.8. Testing/Piloting

Prior to the main study, a pre-pilot study was conducted in two Cork City primary
schools in April-May 2012 and a pilot study was conducted in 3 Cork City primary
schools in May-June 2012. Overall, one hundred and forty children from 2 mixed
gender schools, two boys’ schools and one girls’ school were recruited to
participate in the pre-pilot and pilot studies. The study piloting aimed to test
practical research issues including the timing of procedures. The study methods and
study documents including the food diary and questionnaires were also tested and
assessed during piloting. Study documents, the study protocol and SOP were

amended where necessary.

4.3.9. Schools and Classroom Procedures

The study researchers were advised to strictly adhere to the methods outlined in
the study protocol and SOP during the fieldwork process. Within the classroom,
each child was provided with a study pack which contained: (1) a child
questionnaire, (2) a parent/guardian questionnaire, (3) a 3 day estimated food
diary, (4) an accelerometer and instructions and (5) a urine collection cup and

instructions (where parent/guardian consent was granted). The research assistants
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were present for all classroom procedures and offered support and assistance
where necessary. The children completed a self-reported questionnaire within the
classroom, which was checked for completeness while on site. The accelerometers
were described and placed on the non-dominant wrist of each child. The 3 day
estimated food diary was explained using a poster template of the food diary. The
researchers explained how to fill in the food diary and with assistance, that
morning’s breakfast was completed by the children within the classroom. The
children were informed how and what day to provide the urine sample which was
to be returned to the school once complete. The children were also instructed to
return the parent/guardian questionnaire to the school once complete. A
“pictogram” poster was placed in the classroom to remind children of the of study

details they needed to recall.

4.3.10. Questionnaire Data

Table 4 outlines the individual, family and environmental factors measured in each

questionnaire (see http://www.researchprotocols.org/2014/3/e44/ for

guestionnaires). The questionnaires were developed based on previously tested
and validated questions with modification of some questions for the purposes of

this study. Details of each questionnaire are described below.

4.3.11. Principal Questionnaire

The principal of each participating school was asked to complete a questionnaire

which included questions under 6 main headings: (1) demographics, (2) health
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curriculum, (3) school policy environment, (4) level of nutritional care, (5) provision
of physical activity and (6) parental/community support. This questionnaire has

been used previously in a cross-sectional study in schools in Cork City [267].

4.3.12. Child Questionnaire

The child questionnaire was developed using questions from the following sources:
(1) Sport, Physical Activity and Eating Behaviour: Environmental Determinants in
Young People study [257], (2) GUI Study [228], (3) Growing Up in Australia: The
Longitudinal Study of Australian Children (LSAC) [268], (4) Child Heart and Health
Study in England [269] and (5) Physical Activity for Older Children Questionnaire

[270].

The child-reported questionnaire contained questions under 5 major headings: (1)
background information, (2) your neighbourhood, (3) food and diet, (4) sports and

physical activity and (5) hobbies and activities.

4.3.13. Parent/Guardian Questionnaire

The parent/guardian questionnaire was developed using questions from a number
of sources: (1) GUI Study [228], (2) Survey of Lifestyle, Attitudes, and Nutrition in
Ireland [271], (3) Avon Longitudinal Study of Parents and Children [272], (4) LSAC
study [268], (5) National Survey of Children’s Dental Health [273], (6) Eating Among
Teens Survey 1 [274], (7) Mitchelstown Cohort study [275], (8) Irish Census [276],

(9) Child Feeding Questionnaire [277], (10) short version (self-administered) of the
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International Physical Activity Questionnaire and [278] (11) Warwick-Edinburgh

Mental Well-being Scale [279].

The parent/guardian reported questionnaire contained questions under 9 major
headings: (1) study child’s birth factors, (2) study child’s current health, (3) study
child’s exercise and physical activity, (4) study child’s hobbies and activities, (5)
study child’s diet and dietary habits, (6) current parental health, (7) parental diet,

(8) general family eating questions and (9) family background.

4.3.14. Dietary Intake

Dietary intake was assessed using a consecutive 3 day estimated food diary which
was developed for the purposes of this study

(see http://www.researchprotocols.org/2014/3/e44/ for template of food diary).

Instructions to complete the food diary, including food atlas photographs [280] to
aid portion size estimation, were located at the beginning of the food diary. Each
day in the food diary was broken into six meal sections. Each meal section had a
pre-assigned title: (1) breakfast, (2) morning snack, (3) lunch, (4) afternoon snack,
(5) dinner and (6) evening snack. There were six key questions to answer within
each meal section: (1) time meal/snack was consumed, (2) location meal was
consumed, (3) type of food or drink consumed, (4) quantity of food or drink
consumed, (5) quantity leftover and (6) cooking method used. The food diary was
explained to the children in the classroom setting. Firstly, the layout of the food

diary was explained. Using a poster template, the children were then shown how to
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fill in each meal section. The children were also shown how to use the food atlas

photographs at the beginning of their food diary to help estimate portion size.

Once the food diary was explained in the classroom the children were asked to fill
in what they had for breakfast that morning. A member of the research team spent
some time with each child to ensure that they understood what was involved. The
children were advised to seek help from parents and teachers when filling in their
food diary where possible. Detailed debriefing with the children occurred after the
3 day period using a prompt sheet and food atlas [280] in order to ensure
completeness. Additional information was sought from the children where food or
drink items were not recorded in detail. Food diary data was entered into netWISP
version 4 (Tinuviel Software, Anglesey, UK). Output measures available from

netWISP include nutrient intake, individual food intake and food group intake.

4.3.15. Physical Activity

Free living physical activity was measured over a consecutive 7 day period using a
validated tri-axial Geneactiv accelerometer [281, 282]. The Geneactiv
accelerometer is a small, lightweight, waterproof device [283]. The manufacturer
(Activinsights Limited) calibrated the units prior to the study commencing. The
accelerometers were set to record data at 100Hz for 7 days using the “on button
press” setting on the Geneactiv software version 2.2. The children were asked to
wear the accelerometer all day and night over the 7 day period. They were

informed only to remove the accelerometer for sports if their coach suggested it
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was necessary. The accelerometers were fitted on the wrist of the non-dominant
hand and information on handedness was recorded by the research assistants. The

4

accelerometers were downloaded in “.csv” and “.bin” format and saved on hard
drives. The data was collapsed into 1 second and 1 minute epochs for data analysis.
Output measures available include minutes spent sedentary and at low, moderate
and vigorous activity. The classification thresholds for activity intensity were

defined using those outlined by Phillips et al, 2012 which were designed specifically

for the GENEA accelerometer.

4.3.16. Anthropometric and Blood Pressure Measurements

The anthropometric and BP measurements were taken by fully trained researchers
using standard procedures. The researchers received training from an experienced
research nurse and dietician prior to the study commencing. Retraining sessions
occurred during the data collection period to ensure standard procedures were
being employed during measurements. The data was also checked for
measurement variability during the data collection period. The study equipment

was calibrated prior to data collection and monthly thereafter.

A summary of the anthropometric and BP measurements methods is described
in Table 5. All measurements were taken in a sensitive manner in a private room or
behind screens in each primary school. There were two children and at least two
research assistants that remained in the room at all times. For the waist

circumference and skinfold thickness measurements where two readings were
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taken, the mean value is to be used for analysis. The children were classified as
normal weight, overweight or obese using age and gender specific IOTF definitions
[27]. Mean systolic and diastolic BP was calculated using the average of readings

two and three.

4.3.17. Urine Samples

Only children whose parents provided consent for urine collection were provided
with a urine collection cup and instructions. The children were asked to provide an
early morning spot urine sample on a specified day which corresponded to a food
diary completion day. Where principals were agreeable, a subsample of children
were asked to provide a 24 hour urine sample (n=100) on a weekend day, which
corresponded to a food diary completion day. There were sixteen children from one
of the pre-pilot schools that were asked to provide an early morning spot and 24
hour sample. The 24 hour samples provide an indication of average urine volume
produced in a 24 hour period by the children. Osmolality testing was carried out on
the 24 urine samples to determine urine concentration using a Micro-Osmometer
Model 3300 in Cork University Hospital, Cork, Ireland. The hydration status of the
children with 24 hour samples will be determined from the osmolality derived urine
concentrations. All samples were analysed for sodium, potassium, urea, and
creatinine in the Biochemistry Department in the Mercy University Hospital, Cork,
Ireland (Accredited Laboratory 1ISO-15189). All electrolytes were analysed using the
Abbott Architect ¢8000 (Abbott Laboratories). The methodology for sodium and

potassium measurement used ion-selective electrodes, urea analysis was based on
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an enzymatic assay using urease and creatinine was analysed using the kinetic
alkaline picrate method. Where consent was provided, a 2 ml aliquot urine sample

was frozen in a secure, password protected freezer.

4.3.18. Ethics and Ethical Issues

Ethical approval for the CCLaS Study was obtained from the Clinical Research Ethics
committee of the Cork Teaching Hospitals, Cork, Ireland. Only children with
parent/guardian informed consent participated in the study and parents/guardians
were free to withdraw their children from the study at any point. Feedback on the
physical measurements was provided to all parents of participating children in the
form of a letter. The parents of children with high BP or morbid obesity were
advised to consult their general practitioner and a general practitioner letter was
enclosed with the feedback. A consultant paediatrician and a consultant in general
internal medicine and nephrology from the Mercy University Hospital, Cork, Ireland
provided advice on any high or unusual readings prior to feedback being provided

to parents.

4.3.19. Data Processing and Quality Assurance

Comprehensive data cleaning was undertaken. First, all data were checked for
outliers. Ten percent (108/1075) of the data was then randomly selected and re-
checked for errors. Out of the 39,999 questionnaire data points checked, 139 errors
were found and corrected. An error rate was then calculated (0.35% for

questionnaire data). Missing data will be accounted for during data analysis either
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by data imputation or by creating missing data categories if possible. A
standardised codebook will be generated to ensure standard definitions and cut off

points are used during analysis.

4.3.20. Analysis Plan

The data will be analysed using the statistical software package Stata 12 (StataCorp
LP). All necessary statistical assumptions will be tested prior to data analysis. Basic
descriptive statistics will be used to describe the study population and will provide
prevalence estimates of overweight and obesity. Basic descriptive statistics will also
be used to explore BP distribution. Descriptive findings will be stratified by gender.
Crude and adjusted multivariate analysis will be conducted to assess the association

between outcome variables and possible determinants.

4.4. Results

Data collection was undertaken between April 2012 and June 2013.

4.5. Discussion

4.5.1. Lessons Learned During the Pilot Studies

The pilot studies provided valuable insight into a number of practical and
methodological issues. The practical and operational issues encountered included
timing, obtaining an adequate response rate and increasing awareness of the study

in the local community. Obtaining a principal’s consent for a school to take part in
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the study took longer than anticipated, especially when teachers, board of
management committees and parent associations were consulted. In the main
study, greater lengths of time were allowed when approaching schools to
participate in the study. A relatively low response rate from parents and children
was obtained during the piloting phase of the study. A possible explanation for this
is that the piloting phase of the study was undertaken close to the summer
holidays. However, for the main study a number of methods were used to
encourage a greater response rate. The children were given a longer period of time
to return the consent forms, a study logo was designed and researchers wore study
t-shirts with the logo when introducing the study in order to be more child friendly.
Numerous phases of promotion of the study were also undertaken, with articles
being written in local newspapers and letters being sent to local health and
community organizations promoting the study. Study posters were also placed in

shops and businesses throughout Cork City and Mitchelstown.

Methodological issues were also encountered, especially in terms of study
document design. The original consent form was too complicated and as a result
was not being completed correctly by parents. In some cases it was difficult to
decide if a parent was providing consent or not. Therefore, the consent form was
made clearer and easier to complete. The parent questionnaire appeared to be too
long and this may have acted as a disincentive for parents to complete later
sections in the questionnaire. For the main study, a number of questions were
removed and the questions of utmost importance were located at the start of the
guestionnaire. On the cover page of the questionnaire, parents were informed of
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the aim of the questionnaire and of the anticipated length of time needed to
complete all of the questions. The food diary used in the pilot study was too
complicated for children 8-11 years old to understand and fill in completely. As a
result, this made the debrief process difficult. The food diary was made more child-
friendly by changing the layout, reducing the number of questions asked about
each meal and by including a number of photographs from the food atlas at the

beginning of the food diary to aid portion size estimation.

4.5.2. Recruitment Issues

Recruitment from schools is a difficult, multilevel process involving principals,
teachers, parents and their children [284]. Some research suggests that recruiting
schools to participate in studies is becoming increasingly difficult, with non-
response within schools becoming increasingly evident [285-287]. The CCLaS Study
aimed to collect data from a predominantly urban location (Cork City) and from one
rural location (Mitchelstown). It was intended that an equal proportion of girls and
boys would be recruited and that the proportion of children attending
disadvantaged versus non-disadvantaged schools would represent the sampling
frame. During the study, recruitment of schools proved difficult and further
purposive sampling was necessary to achieve sample size requirements. A greater
proportion of boys participated and this is likely due to the nature of the study
methods used. Boy’s only schools appeared to be more interested than girls only
schools in the physical activity and accelerometer aspects of the study and were

interested to participate for this reason. On the contrary, the principals of non-
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participating girls only schools appeared more concerned about the anthropometric
aspect of the study and some principals expressed concerns over the sensitivity and

possible long-term implications of measuring children.

Disadvantaged schools were more difficult to recruit than non-disadvantaged
schools. Some school principals expressed concerns over the study methods,
especially regarding children providing a urine sample. There were three principals
from disadvantaged schools that agreed to take part in the study only on the
condition that urine samples were not collected from the children in their school.
School principals reported a variety of other reasons for not partaking. These
include the low literacy of parents whose children attend the school, parents being
suspicious of the study or study methods, the school being too busy and other
schools gave an outright “no” with no explanation for nonparticipation. Research
fatigue in Cork City schools was also evident, with a number of non-participating
schools reporting they had just taken part in a different study or found studies
overly time consuming. The proximity of city schools to local research institutions is
a likely explanation for research fatigue and thus further school based studies

require carefully designed recruitment strategies.

4.5.3. Strengths

The sample size is relatively large and represents 1075 children out of
approximately 3350 eligible children in the overall sampling frame. A predominant

strength of this study is the depth of data on lifestyle, diet and physical activity data
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collected at an individual, family, and school level which will allow for in-depth
exploration on the potential determinants of childhood overweight and obesity.
This is one of the first studies in Europe designed to collect such data. A number of
objective anthropometric measurements were taken to describe weight status. The
study collected objectively measured physical activity data in free living conditions
over a 7 day period. The corresponding physical activity questionnaire data will
provide valuable some information of the context of physical activity behaviours
and patterns. Seasonality will be accounted for as the data was collected
throughout the school year (October-June). The thoroughly debriefed 3 day
estimated food diaries provide comprehensive data on dietary intake patterns and
behaviours. This is the first study, to our knowledge, in Ireland to provide objective
estimates of salt intake from spot and 24 hour urine samples and to assess the

distribution of BP in a large sample of Irish children.

4.5.4. Limitations

There are a number of limitations to the study. A relatively low response rate was
obtained from the original sample of city schools though the desired sample size
was achieved using purposive sampling. However, some response bias may have
been introduced into the study. Information on non-responding children is not
available. As the food dairies are self-reported, some misreporting and non-
reporting may have occurred. However, the food diaries were thoroughly debriefed
by a trained researcher, though this may have resulted in some reporting bias of

dietary intake. A 3 day food diary may not be representative of habitual dietary
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intake. Some response bias may have been introduced into the child questionnaire
responses as they were completed in a classroom setting though children were

encouraged to complete the questionnaires independently.

4.5.5. Conclusions

This study aims to estimate the current prevalence of overweight and obesity in 8-
11 year old Irish children. The research from the CCLaS Study will explore the
individual, family and environmental correlates of childhood obesity. To date, there
are no reliable data on the average salt intake or distribution of BP in Irish children.
Valuable comparisons with findings at an Irish, European, and International level
will be made. In particular, CCLaS Study findings will be compared to results from
the GUI Study, which is a national longitudinal study of children in the Republic of
Ireland. The CCLaS Study aims to highlight the modifiable social, economic, and
cultural dimensions of childhood obesity. It is anticipated that this will highlight
areas of action for policymakers, planners and developers with a responsibility for

addressing childhood obesity and creating sustainable healthy environments.
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Figure 4. Flowchart of sampling and recruitment of schools and children in the

CCLas Study
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Table 4. Individual, family and environmental factors measured by the CCLaS

questionnaires

Child questionnaire

Parent/guardian
questionnaire

Principal
questionnaire

Individual factors

Demo-
graphics

Gender, age

Gender and age of parent
respondent, relationship of
parent respondent to study
child

Principal gender,
school gender mix,
school size, school
disadvantaged
status

Birth factors

Birth weight, gestational age,
mode of delivery,
breastfeeding

Diet Breakfast Type and quantity of milk
consumption, salt consumed, type of spread
use at table, typically used, consumption of
favourite snack and | breakfast, evening meals, fruit
drink, frequency of | and vegetables, quantity of
consumption of intake of soft drinks and
favourite snack and | sports drinks, supplement use,
drink special dietary requirements,
parental beliefs, attitudes and
practices to child feeding
Physical Types and Frequency of light and hard
activity frequency of activity, mode of transport to
activities including | and from school
physical activity
during and outside
school hours
Sedentary Frequency of use of | Amount of time spent
behaviours computer games, watching TV, reading, playing
games consoles, computer games, games
TV, time spent at consoles and doing homework
homework
Health/ Perception current | Current health status,
lifestyle health and weight | description of ongoing health

status, favourite

issues, perception of child

hobby, pet weight, child sleeping patterns
ownership
Family factors
Socio- Siblings Parent reported variables on
demographic self and family*: Number of
/ family residents in family home, age

environment

and relationship of each
resident to study child,
ethnicity, marital status of
parent respondent, car
ownership, childcare
arrangements, parent and
partner (if applicable)
education and occupation
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Child Parent/guardian Principal

questionnaire questionnaire questionnaire
Parental Parent reported variables on
factors self*: Frequency of

consumption of fried foods,
fruits, vegetables and salt,
snacking patterns, frequency
and amount of physical
activity, perceived current
health status and types of
health conditions, perception
of current weight status,
dieting frequency, self-
reported height and weight
(and of partner where
applicable), current smoking,
alcohol use and well-being

status
Family food Parent reported variables on
and eating family”: Frequency and type of
environment eating out, frequency of

ordering takeaway food,
frequency of eating family
meals together, affordability

of food

Environmental factors
Playground located Provision of food
in neighbourhood, and nutrition
safe play areas in education, school
neighbourhood , health policy
garden present at available,
family home, involvement in and
perceived safety of types of health
neighbourhood promotion

activities, access to
and availability of
healthy/unhealthy
foods in school,
provision of school
breakfasts and/or
lunches,
involvement in and
types of school
sports teams and
after school
activities, parent
involvement in
school

Footnote:  Parent/guardian reported data on child unless specified otherwise
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Table 5. Summary of study methods used in the CCLaS Study

Measure Number of | Device Method
measures
Height 1 Leicester Measured to the nearest mm without
portable shoes
height stick
Weight 1 Tanita Measured to the nearest 0.1kg
WB100MA without shoes and in light clothing
mechanic
scales
Waist 2 Non-stretch Measured to the nearest mm and
circumference tape Seca 200 | located at the midpoint between the
measuring child’s lower rib margin line and the
tape iliac crest
Skinfold 2 Holtain Measured at the right hand side of the
thickness Tanner/ body to the last complete mm. The
(triceps) Whitehouse triceps was located on the posterior
skinfold midline of the upper arm, over the
calipers triceps muscle, halfway between the
acrosion process and olecranon
process. The elbow was extended and
relaxed for the measures
Skinfold 2 Holtain Measured at the right hand side of the
thickness Tanner/ body to the last complete mm. The
(subscapular) Whitehouse subscapular was located on the
skinfold diagonal line coming from the
calipers vertebral border to between 1 and
2cm from the inferior angle of the
scapulae
Mid upper arm 1 Non-stretch Measured using a non-stretch tape to
circumference tape the nearest mm from the right arm
whilst relaxed. The mid-point was
located half ways between the top of
the shoulder and the tip if the elbow
BP 3 Omron M6 BP was measured from the right arm

using a validated automatic
oscillometric device [288, 289]. The
mid upper arm circumference
determined cuff size. The cuff was
placed approximately 2cm above the
crease of the elbow. The child was
seated comfortably for at least 5
minutes prior to the first reading. BP
was measured three times with one
minute between each measurement.
Children were asked to remain quiet
and to sit still while each reading was
being taken. Systolic BP, diastolic BP
and pulse were recorded
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Measure Number of | Device Method
measures

Accelerometer 7 Geneactiv Accelerometer set to record data at
consecutive 100Hz and were worn on non-
days dominant hand for 7 days

Estimated food | 3 Children recorded everything they ate

diary

consecutive
days

and drank for 3 days. Food diaries
were fully de-briefed by a trained
researcher after the 3 day period

Early morning 1 Children were asked to provide an

spot urine early morning spot sample a day

sample which corresponded to a food diary
completion day

24 hour urine 1 A subsample of children were asked to

sample

provide a 24 hour urine sample on a
weekend day which corresponded to a
food diary completion day
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6.1. Abstract

Background

Physical activity plays an important role in optimising physical and mental health
during childhood, adolescence, and throughout adult life. This study aims to
identify individual, family and environmental factors that determine physical

activity levels in a population sample of children in Ireland.

Methods

Cross-sectional analysis of the first wave of the nationally representative GUI study.
A two-stage clustered sampling method was used where national schools served as
the primary sampling unit (response rate: 82%) and age eligible children from
participating schools were the secondary units (response rate: 57%). Parent
reported child physical activity levels and potential covariates (parent and child
reported) include favourite hobby, total screen time (TST), sports participation and
child BMI (measured by trained researcher). Univariate and multivariate
multinomial logistic regression (forward block entry) examined the association
between individual, family and environmental level factors and physical activity

levels.

Results

The children (N = 8,568) were classified as achieving low (25%), moderate (20%) or
high (55%) physical activity levels. In the fully adjusted model, male gender (OR 1.64

[95% Cl: 1.34-2.01]), having an active favourite hobby (OR 1.65 [95% CI: 1.31-2.08])
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and membership of sports or fitness team (OR 1.90 [95% Cl: 1.48-2.45]) were
significantly associated with being in the high physical activity group. Exceeding two
hours TST (OR 0.66 [95% Cl: 0.52-0.85]), being overweight (OR 0.41 [95%Cl: 0.27-
0.61]; or obese (OR 0.68 [95%Cl: 0.54-0.86]) were significantly associated with

decreased odds of being in the high physical activity group.

Conclusions

Individual level factors appear to predict physical activity levels when considered in
multiple domains. Future research should aim to use more robust objective
measures to explore the usefulness of the interconnect that exists across these
domains. In particular how the family and environmental settings could be useful

facilitators for consistent individual level factors such as sports participation.
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6.2. Background

Physical activity plays a fundamental role in maintaining and improving physical and
mental health, both during childhood and in later years [326, 327]. Participating in
high levels of physical activity during childhood produces immediate and, long-term
health benefits in adulthood [328, 329]. Despite the known health benefits, physical
activity levels decline across the lifespan, particularly during adolescence [328, 330-
332]. Identified as the fourth leading risk factor for global mortality [333], physical
inactivity is a major public health concern worldwide, associated with an estimated

one million deaths annually in the WHO European region alone [118].

WHO guidelines recommend that children participate in at least 60 minutes of
MVPA daily [334]. Worldwide, research has indicated that children are not
achieving these guidelines, with estimates of activity levels varying both between
and within countries (see Chapter 2 for more details) [130, 257, 335-337]. For
example, 42% of children aged six to 11 years in the USA participate in 60 minutes
of MVPA daily [337]. Similarly, in the UK, objectively measured physical activity
measurements indicate that just 51% of four to 10 year olds (33% of four to 15 year
olds) meet the recommended guidelines [335]. In comparison, 19% of primary
school children and 14% of 10 to 18 year olds in Ireland meet the recommendations

[130].
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Achieving the recommended levels of physical activity per day is essential for the
prevention and treatment of many health problems such as obesity (see Chapter 2
and 7 for more details). In particular, with evidence of levels of physical activity
tracking from childhood through adolescence and into adulthood [328], developing
an active lifestyle from a young age may also produce long term benefits. However,
to design effective strategies for increasing children’s physical activity levels, effects

on, and determinants of, activity levels need to be well understood.

In order to structure relevant determinants, a social ecological framework for this
research was adopted. Social ecological theory proposes that a child's development
is affected by multiple levels of influencers including direct influencers such as
family, school and neighbourhood factors [338, 339]. Bronfenbrenner's ecological
model advocates the need to address factors at multiple levels in order to
understand and change physical activity behaviours [339]. Multilevel approaches
derived from such ecological models have been recommended to examine physical

activity determinants [340].

Existing evidence on correlates of physical activity in children have been reviewed
extensively in the literature [332, 341]. However, despite the awareness of
multilevel associations, many of these factors have been investigated individually.
Further, in 2009, the top five future research priorities for understanding and

eliminating disparities in obesity, diet, and physical activity were published
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following a meeting of experts in the USA [342]. One key recommendation for
physical activity research was to use methods to study individual and
environmental factors simultaneously [342]. This research uses nationally
representative data to examine the multilevel predictive capability of these
correlates, specifically; the individual, family, and environmental level factors of
physical activity among nine year olds in Ireland. The first aim of this study is to
identify the distribution of individual, family and environmental factors by physical
activity levels. A further novel objective is to model the multilevel effects of these

factors on the physical activity levels of children at age nine.

6.3. Methods

6.3.1. Study design and sample

The sample comprised of 8,568 nine year old children participating in the first wave
(2007/2008) of GUI Study [228]. The GUI Study is a nationally representative cohort
of nine year old children living in the Republic of Ireland. Eligibility criteria included
children who were born between 1st November 1997 and 31st October 1998. The
sample was selected using a two-stage clustered sampling method within the Irish
primary school system (all mainstream, special and private schools), whereby the
school was the primary sampling unit and the age eligible children attending the
school were the secondary units [343, 344]. In the first stage, 1,105 schools from
the national total of 3,200 were randomly selected using PPS sampling, followed by

recruitment of a random sample of eligible children within each school (stage two).
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At the school level, a response rate of 82.3% (910 schools) was achieved, while at
the level of the household (i.e. eligible child) 57% of children and their

parent/guardians participated in the study.

Fieldwork for the school-based component was carried out between March-
November 2007, while fieldwork for the home-based phase of data collection ran
from July 2007-July 2008. The data were weighted prior to analysis to account for
the complex sampling design, which involved the structural adjustment of the
sample to the population using Census of Population statistics while maintaining

the case base of 8,568 children [344].

Ethical approval was granted by the Health Research Board’s Research Ethics
Committee based in Dublin, Ireland. Written informed consent was also obtained
from a parent or guardian and the study child prior to commencement of the data

collection process [344].

6.3.2. Data collection procedures

Trained social interviewers conducted interviews with the study child and their
parents/guardians within the home. Parents nominated a primary caregiver (the

parent who spent most time with the study child) who was the primary respondent.
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In 98% of cases, this was the study child’s biological mother. The primary caregiver
is referred as the parent throughout this chapter. The main interviews were
completed on a Computer Assisted Personal Interview basis. There was also a self-
complete paper based supplement for all respondents, which included some
potentially sensitive questions such as issues about the marital relationship, marital
conflict, experience of depression, and use of drugs [344]. Sources and validity of
each of the questions used for the GUI study are contained elsewhere [344].
Anthropometric measurements for the parents as well as the study child were also

taken during the household interview using standard procedures [344].

6.3.3. Dependent variable

Child physical activity levels were calculated using data reported by the study child’s
parent. The physical activity questions included in the parent’s questionnaire were
adapted from the Leisure Time Exercise Questionnaire [345]. The parent reported
the number of days out of the previous 14 that the child had engaged in ‘hard’
exercise for at least 20 minutes. Hard exercise was defined as exercise that resulted
in heavy breathing and a fast heart beat [343]. This self-report measure has been
shown to demonstrate concurrent validity with measures of maximum oxygen
intake (VO2 max) and muscular endurance [346], as well as acceptable test-retest

reliability [347].
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Study child’s physical activity was re-coded into a three level variable based on
previous research [348]: low “0-4 days”, moderate “5-8 days” and high “>9 days”
physical activity groups. Nine or more days out of previous 14 was the highest
possible value and corresponds closest to the recommended physical activity
guidelines. This is also consistent with other Irish research using the same wave of

the GUI data [153].

6.3.4. Covariates

6.3.5. Child reported physical activity

The study children were asked to report how often they take exercise each week.
The variable is coded as never, 1-2 times per week, 3-4 times per week, almost

every day. This variable is described in the descriptive analyses.

6.3.6. Individual level variables

Five individual level variables were included: the study child’s gender, whether the
study child was a member of a sports or fitness club (yes/no), TST (<2 hours TST per
day/>2 hours TST per day), the nature of study child’s favourite hobby
(active/inactive) and the study child’s weight status (normal/overweight/obese).
Data for the former three variables was parent reported. The study child’s favourite
hobby variable was based on child reported data. Weight status was classified using

objectivity measured data.
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TST was categorised based on the recommendations of the American Academy of
Paediatricians [141]. This variable was created by combining three screen time
variables; hours spent watching TV/videos, playing video games and using a
computer (<1 hour, 1-3hours, >3 hours). This resulted in a seven level response
variable, classified as: “adhering to (<) the recommended maximum two hours/day”
or “exceeding the recommended two hours/day”. Adhering to the recommended
TST was defined as the study child only exceeding one hour of screen time in one of

the screen time variables (giving a potential for maximum two hours TST).

The study child’s favourite hobby variable was created using 32 hobbies listed by
the child, classified into a two level response “active” or “inactive” (16 hobbies in
each group). A hobby was considered active if it required the child having a
physically active participatory role and inactive if the child had a permissive role or
remained sedentary. Active hobbies included: basketball, football, hockey and

gymnastics. Inactive hobbies included: reading, listening to music and watching TV.

Trained interviewers were responsible for height and weight measurements of each
study child and each adult respondent. Height data was recorded to the nearest
millimetre using a Leicester portable height stick [344]. Weight was recorded using
a SECA 761 flat mechanic scales to the nearest 0.5 kilogram [344]. Child BMI was

classified as normal weight, overweight (BMI of 19.46 for boys and 19.45 for girls)
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or obese (BMI of 23.39 for boys and 23.46 for girls) using age (9.5 years) and gender

specific IOTF definitions [30].

6.3.7. Family level variables

Six family level variables were included: parent’s education (third level/post-
secondary/ higher secondary/lower secondary or less), employment status (in full
time work/not in full time work), parenting style (authoritative/permissive) parent
weight status (normal, overweight or obese), whether the child has siblings (yes/no)
and the household structure (single parent/two parent). These variables were
based on parent reported data with the exception of objectively measured weight

status.

The parenting style variable described the practices of the child’s parent. For the
purpose of this research, the original responses; authoritarian, authoritative,
permissive and uninvolved parenting styles were re-coded as “authoritative” or
“permissive”. The parent’s measured BMI data was classified according to WHO
guidelines as normal weight (<25 kg/m?), overweight (225 and <30 kg/m?) or obese

(>30 kg/m?) [1].
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6.3.8. Environmental level variables

Five environmental level variables were included: transport to and from school
(active both ways/active one way/inactive both ways), school playground (good or
excellent/fair or poor), school sports facilities (good or excellent/fair or poor), after
school activities (agree/disagree) and safe play areas in neighbourhood

(agree/disagree).

The school transport variable (parent reported) was created using questions on
how the study child travelled both to and from school (walks, by public transport,
school bus/coach, car, cycles or other). Responses were combined and re-coded as

n u

“active both ways”, “active one way, inactive one way” and “inactive both ways”.

The school playground and sports facilities data were obtained from the school
principal questionnaire while data on neighbourhood facilities were parent
reported. Responses for school facilities were re-coded as “very good/excellent” or
“fair/poor”. Responses to both neighbourhood facilities were re-coded as “agree”

or “disagree”.
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6.3.9. Statistical analysis

Secondary analysis was performed using Stata (v12, intercooled). P-values less than
0.05 were considered statistically significant. Probability weights were applied to

the data using survey data commands to account for the complex survey design.

Missing data levels were very low for the majority of the variables used, and where
missing values were identified (e.g. 5.2% of parent BMI measurements) it was
found not to be missing at random and hence, data could not be imputed. Parent
reported physical activity data was available for 99.9% of the study children, giving

an effective case base of 8,566 children for analysis.

Descriptive statistics were performed to evaluate the children’s physical activity
related characteristics. Unadjusted multinomial logistic regression methods were
used to measure the association between independent predictor variables and
moderate/high physical activity levels. Multinomial multivariate logistic regression
was conducted to assess their predictive capability (adjusting for all potential
confounders) using the forward block entry function: individual, family and
environmental blocks. The first block (model one) included the five individual level
factors: gender, weight status, TST, favourite hobby and being a member of a sports
or fitness team. Block two (model 2) included the six family level factors: parent’s

education, parent’s employment status, parent’s weight status, siblings, parenting
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style and household structure. Block three (model 3) contained the five
environmental level factors: transport to and from school, school’s playground
facilities, school sports facilities, safe neighbourhood to play in and after school

activities.

6.4. Results

6.4.1. Overview of children’s physical activity patterns

Children were categorised into three physical activity groups: low (N =2,135),
moderate (N =1,740) and high (N =4,691). Overall, 26.3% (95% Cl, 24.9-27.7) had
low, 19.3% (95% Cl, 18.2-20.5) had moderate and 54.4% (95% Cl, 52.8-55.9) had
high physical activity levels. Gender differences existed, with 61% (N =2,609) of
boys categorised as being highly active (high physical activity group) compared to
48% (N =2,082) of girls (p <0.001). Physical activity /obesity related demographics
stratified by gender are presented in Table 14. Over half of the children (N =4,730)
reported taking exercise almost every day (55% of boys vs. 45% of girls, p <0.001),
of which 65% (N =3,123) were in the high, 16% (N =94) in the moderate and 19%
(N =813) in the low physical activity groups (p <0.001). According to child reported
data, 25% (N =2,136) of children met the WHO guidelines of participating in
60 minutes of MVPA each day. Boys were more likely to achieve the recommended
guideline than girls (29% versus 21%, p<0.001). Valid height and weight
measurements for the study child were also obtained for 94.5% (N =8,136) of the

sample. The estimated proportion of children in the normal, overweight, and obese
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categories was 74.1% (95% Cl, 72.8-75.3), 19.3% (95% Cl, 18.2-20.5) and 6.6% (95%

Cl, 5.9-7.4), respectively.

Table 15 presents the results of the univariate multinomial logistic regression. All
five of the individual level factors were found to be associated with high physical
activity while four were found to be associated with moderate physical activity
levels. Of the family level factors, parent’s education, parent’s employment status,
household structure and parenting style were significantly associated with
moderate physical activity levels, while having siblings and parent’s weight status
were not. Method of travel to school level was not associated with either moderate
or high physical activity levels, while, both safe playgrounds and participating in
after school activities in the children’s neighbourhood were found to be associated

with both moderate and high physical activity.

6.4.2. Model one (individual level factors)

Of the individual level factors, male gender (p <0.001), having a physically active
favourite hobby (p <0.001) and being a member of a sports or fitness group
(p <0.001) were positively associated with high physical activity levels (Table 16).
Being a member of a sports or fitness team (p <0.001) was positively associated
with moderate physical activity. Being overweight or obese was negatively

associated with both moderate and high physical activity, while exceeding the
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recommended maximum TST was negatively associated with high physical activity
(p <0.001). Obese children were 60% and 42% less likely to be in the high and
moderate physical activity groups, respectively (OR, 0.40 [95% Cl, 0.31-0.52]
p <0.001; OR: 0.58 [95% Cl: 0.42-0.79] p <0.001) compared to normal weight
children. Overweight children were 21% and 23% less likely to be in the moderate
and high physical activity groups, respectively (OR, 0.79 [95% Cl: 0.65-0.97] p =0.02;
OR: 0.77 [95% Cl, 0.64-0.91] p =0.003). Children who exceeded two hours TST were
23% less likely to be in high physical activity group (OR, 0.71 [95% CI, 0.59-0.84]

p <0.001).

6.4.3. Model two (individual and family level factors)

None of the family level factors were found to be associated with high physical
activity. Parents having third level education and an authoritative parenting style
were both positively associated with moderate physical activity levels (Table 16).
Children who had parents with a third level degree were 1.74 times more likely to
be in the moderate physical activity group compared to children of parents with a
lower secondary education or less (OR 1.74 [95% Cl: 1.18-2.57] p <0.01). Having a
parent who adopts an authoritative parenting style was associated with a 42%
increase in the child’s probability of being in the moderate physical activity group
(OR 1.42 [95% CI: 1.06-1.87] p=0.02) compared to having a parent with a

permissive parenting style.
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In model two, the strength of the association for three of the significant individual
level factors (gender, weight status and being a member of a sports or fitness team)
became stronger. In particular, the probability of being in the high physical activity

group was 66% higher for boys (OR: 1.66 [95% Cl: 1.37-2.01] p <0.01).

6.4.4. Model three (fully adjusted model)

Figure 5 illustrates the findings of the final model of the multivariate multinomial
logistic regression analyses. Accounting for both individual and family level factors,
active travel to and from school was positively associated with high physical activity
levels. A positive association between living in a neighbourhood with after school
activities and moderate physical activity was also identified. Children who used
active mode of travel both to and from school were 34% more likely to be in the
high physical activity group (OR 1.34 [95% Cl: 1.03-1.74] p =0.03) compared to
children who used an inactive mode of travel both to and from school. Children
living in a neighbourhood with after school activities were 39% more likely to be in
the moderate physical activity group compared to those who lived in
neighbourhoods without after school activities (OR 1.39 [95% Cl: 1.05-1.84]

p=0.02).

The association between the individual level factors and high physical activity

remained statistically significant. Of the family level factors, having a parent with
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third level education and authoritative parenting styles remained positively
associated with moderate physical activity levels. None of the family level factors

were associated with high physical activity.

6.5. Discussion

6.5.1. Main findings

To our knowledge, this is the first study to explore the multilevel effects of
individual, family and environmental factors on physical activity levels of children in
Ireland. A key finding of this research is that individual level factors appear to have
the strongest association with physical activity levels in nine year olds. Further,
many of these factors are modifiable. Being a member of a sports or fitness club
and, having an active favourite hobby were both positively associated with higher
levels of physical activity. Exceeding two hours of TST and being overweight or
obese were negatively correlated with higher physical activity levels. No significant
associations with the family level and just one marginal association among the
environmental level factors were identified. However, the local or community
environment may provide an appropriate setting for implementing physical activity

initiatives including supporting sports participation.

Consistent with both extensive reviews by Sallis et al, 2000 [332] and van der Horst

et al, 2007 [341] boys were more likely to have high physical activity levels than
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girls. Literature suggests that differences in organised sports participation may be
responsible for some of gender disparities in physical activity levels. In this
research, over 75% of the children were members of a sports or fitness group (84%
of boys versus 67% of girls, p =0.000). In the fully adjusted model (controlled for
gender), this research found children who were members of a sports or fitness
group were almost twice as likely to be in the high physical activity group compared
to children who were not. This is consistent with findings of the review by Sallis et
al, 2000 [332] which concluded that community sports participation was positively
associated with higher physical activity levels. Despite generally higher sports
participation among boys, a review of physical activity correlates among girls aged
between 10 and 18 years also found that organised sports participation had a
consistent positive association with higher physical activity levels [349]. Moreover,
longitudinal studies have reported that participation in organised sports during
childhood may be associated with long-term participation in physical activity in
both adolescence and adulthood [328, 350]. The promotion of sports and other
high intensity activities may therefore provide an opportunity to increase physical

activity among school children.

Many sports and other high intensity activities take place as extra-curricular
activities after school hours. The Irish primary school day typically lasts five hours
and 40 minutes, commencing at 9am and finishing at approximately 3pm. While the
curriculum recommends one hour of physical education per week, it has been

suggested that many schools do not provide this [130]. As a result, children’s
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preferences for extracurricular activities may also play a role in their overall
physical activity levels. This research found that children reporting a preference for
an active favourite hobby (including basketball, gymnastics and hockey) were more
likely to be in the high physical activity group compared to children who preferred
inactive favourite hobbies such as reading, listening to music, and watching TV.
Similarly, in their review of previous research, Sallis et al, 2000 [332] concluded that
children's preference for physical (rather than sedentary) activity was one of the

factors most consistently associated with their participation in such activity.

Another key factor that may be associated with physical activity levels among nine
year olds is sedentary behaviour. The American Academy of Paediatricians
recommends that children do not exceed two hours of sedentary screen time per
day [141]. Previous Irish research reported that over 99% of children and youth
exceeded the recommended maximum two hours sedentary screen time per day.
Conflicting evidence exists for an association between sedentary behaviours
(including screen time) and physical activity levels among children [332, 351]. This
present research found that exceeding these guidelines reduced the likelihood of
high physical activity by 44%. The literature refers to the displacement theory as a
possible explanation for an association between exceeding the recommended and
lower physical activity, that is, sedentary behaviours may be replacing active
behaviours [352]. However, other literature suggests that physical activity and

sedentary behaviours are separate constructs [143, 353].
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6.5.2. Social ecological theory

Physical activity behaviour and the factors influencing it are very complex. The
social-ecological model adopted by this present research is a useful framework due
to the complexity of behaviours [339]. Each level of the model layers (individual,
family and environmental) is interconnected. Exploring the multiple domains, this
present research has considered the broader context when identifying the
predictors of physical activity. While this research did not identify environmental
factors as major determinants of physical activity, more research is needed. In
particular, the importance of built environments for increasing PA and other health
behaviours has emerged in the literature [196, 354]. Hence, applying the social-
ecological theory, objective measures of physical activity, along with more robust

environmental level factors should be considered for modelling physical activity.

6.5.3. Physical activity and childhood obesity

This research used robust objectively measured data for calculating the child’s
weight status. While some previous evidence has reported inconclusive evidence
between weight status and PA levels [332, 341], this research found that the weight
status of the child was negatively associated with physical activity levels. Using
objectively measured BMI data, being overweight or obese was associated with
lower levels of physical activity. A possible explanation for this contrasting finding

may be the use parent reported height and weight data for children in other
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research, which has been found to lack validity and reliability when compared with

objective anthropometric measures [22].

6.5.4. Strengths and limitations

A key strength of this study is the large sample of nine year olds taken from the
most comprehensive nationally representative children’s health survey currently
available in Ireland. According to the 2006 Census figures, there were 56,497 nine
year old children resident in Ireland [343]. Thus, this data includes approximately
one seventh of these children. Further, probability weights were applied to the data
using survey data commands to ensure that the findings are national

representative.

However, there are some limitations to this study. As this study is cross-sectional,
bi-directional associations are possible. The sample only included nine year old
children, hence, generalisability cannot be assumed for all children. Also, there was
a relatively low response rate at the household level (57%). The data has been
weighted to overcome any issues arising from this; however, response bias may

exist.
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Further, the nature of the physical activity data collected does not correspond with
WHO guidelines (60 minutes of MVPA/day). The physical activity data available for
this research was parent reported as opposed to objectively measured data. The
parent reported physical activity based on how many days in the last 14 the study
child had achieved at least 20 minutes of hard physical activity. This self-report
question was found to be reliable with acceptable validity when compared with
accelerometer data. Also, using this question, other Irish research has constructed
physical activity categories in the same way [153]. Finally, this research provides a
comprehensive list of individual level factors; however, some family and
environmental level factors were not available such as the parent’s physical activity

patterns.

6.5.5. Conclusions

In conclusion, this study finds individual level factors; including many modifiable
factors appear to have the strongest correlation with physical activity levels of nine
year olds in Ireland. Individual level factors appear to predict physical activity levels
when considered in the multiple domains. Future research should aim to use more
robust objective measures to explore the usefulness of the interconnect that exists
across these domains. In particular how the family and environmental settings
could be useful facilitators for consistent individual level factors such as sports

participation.
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Table 14. Physical activity/obesity related characteristics of the children by gender and PA levels

Boys Girls
Low PA Moderate PA High PA Low PA Moderate PA High PA
(N=826) (N=728) (N=2,609) (N=1,309) (N=1,012) (N=2,082)
INDIVIDUAL FACTORS"® Total N (%) N (%) N (%) p-value Total N (%) N (%) N (%) p-value
Child’s weight status** <0.001 <0.001
Normal 3,100 558 (20) 541 (17) 2,001 (63) 3,019 812 (27) 692 (22) 1515(51)
Overweight 661 137 (21) 115 (17) 409 (62) 875 296 (36) 204 (21) 375 (43)
Obese 196 74 (39) 39 (18) 83 (43) 284 122 (48) 65 (20) 97 (33)
Takes exercise <0.001 <0.001
Never 34 22 (62) 4 (10) 8(28) 44 25 (69) 7 (10) 12 (21)
1-2times/week 673 243 (38) 144 (20) 286 (42) 957 446 (47) 223 (21) 288 (32)
3-4times/week 939 209 (25) 234 (25) 496 (51) 1,136 356 (33) 329 (27) 453 (40)
Almost every day 2,486 341 (16) 344 (14) 1801 (70) 2,244 472 (22) 450 (19) 1,322(59)
Sports/fitness club <0.001 <0.001
Yes 3,585 596 (18) 644 (18) 2345 (64) 3,137 809 (26) 768 (24) 1,560 (49)
No 573 226 (41) 84 (14) 263 (45) 1,261 496 (40) 244 (16) 521 (44)
Playing sport* <0.001 0.11
Favourite * 1,657 232 (15) 258 (16) 1167 (69) 809 178 (23) 195 (24) 436 (53)
Second favourite 968 155 (17) 187 (19) 636 (64) 767 207 (30) 179 (22) 381 (48)
Third favourite 455 97 (27) 78 (16) 280 (57) 506 144 (31) 123 (22) 239 (48)
Watching TV* 0.38 0.99
Favourite 169 53(29) 33 (19) 83 (52) 195 73 (35) 42 (20) 80 (45)
Second favourite 491 126 (28) 88 (20) 277 (53) 428 144 (34) 94 (21) 190 (45)
Third favourite 669 135 (23) 128 (18) 406 (59) 551 187 (35) 121 (21) 243 (44)
Playing video games* <0.001 0.36
Favourite 211 71 (37) 42 (17) 98 (46) 84 34 (35) 22 (29) 28 (36)
Second favourite 318 84 (30) 64 (19) 170 (51) 202 61 (28) 54 (24) 87 (48)
Third favourite 392 83 (21) 70 (18) 239 (62) 255 86 (36) 58 (20) 111(43)
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Boys Girls
Low PA Moderate PA High PA Low PA Moderate PA High PA

Total N (%) N (%) N (%) p-value Total N (%) N (%) N (%) p-value

Watching TV <0.001 <0.001
Zero or <1 hour 1,050 157 (17) 174 (15) 719 (68) 1,186 274 (25) 279 (21) 633 (54)
1-3hours 2,723 539 (21) 475 (18) 1,709 (62) 2,819 856 (30) 656 (22) 1,307 (47)
>3hours 390 130 (35) 79 (21) 181 (44) 398 179 (45) 77 (19) 142 (36)

Playing video games <0.001 0.02
Zero or <1 hour 3,059 549 (20) 522 (17) 1,988 (63) 3,923 1,118 (29) 923 (22) 1,882 (48)
1-3hours 1,011 245 (26) 185 (17) 581 (57) 438 169 (37) 82 (16) 187 (47)
>3hours 93 32 (38) 21 (21) 40 (41) 39 19 (46) 7(21) 13 (32)

On the computer <0.001 0.34
Zero or <1 hour 3,650 669 (21) 624 (17) 2,337 (62) 3,820 1,097 (30) 895 (22) 1,828 (48)
1-3hours 498 143 (31) 94 (17) 261 (52) 549 200 (35) 112 (44) 237 (44)
>3hours 33 14 (33) 9(31) 10 (36) 32 11 (31) 5(15) 16 (53)

Total screen time <0.001 0.002
<2hours/day 899 128 (17) 142 (14) 629 (69) 1,082 247 (25) 258 (22) 577 (53)
>2hours/day 3,262 698 (23) 585 (18) 1,979 (59) 3,317 1,059 (32) 754 (22) 1,504 (46)

FAMILY FACTORS"

Parent weight*** 0.74 0.13
Normal 1,925 349 (21) 340 (17) 1,236 (62) 1,962 552 (29) 466 (21) 944 (50)
Overweight 1,244 262 (22) 224 (18) 758 (60) 1,300 391 (31) 282 (21) 627 (47)
Obese 655 149 (23) 112 (17) 394 (60) 1735 248 (35) 172 (23) 315 (43)

Parent’s education 0.01 <0.001
</=lower second level 674 156 (25) 108 (15) 410 (60) 834 281 (35) 151 (17) 402 (48)
Higher second level 1,295 287 (23) 248 (19) 760 (58) 1,403 428 (31) 319 (22) 656 (47)
Post second level 1,056 203 (21) 173 (16) 680 (63) 1,067 302 (27) 241 (23) 524 (50)
Third level 1,138 180 (17) 199 (17) 759 (66) 1,099 298 (26) 301 (27) 500 (47)

Siblings 0.59 0.17
Yes 3,716 728 (22) 656 (18) 2,332 (61) 3,977 1,166 (30) 910 (21) 1,901 (49)
No 329 66 (20) 57 (16) 206 (64) 330 101 (32) 88 (26) 141 (42)
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Boys Girls

Low PA Moderate PA High PA Low PA Moderate PA High PA

Total N (%) N (%) N (%) p-value Total N (%) N (%) N (%) p-value

Household type 0.01 0.71
Single Parent 457 119 (28) 58 (14) 280 (59) 534 165 (32) 118 (20) 251 (48)
Two parent 3,706 707 (21) 670 (18) 2,329 (61) 3,869 1,144 (31) 894 (22) 1,831 (47)

Parenting style 0.53 0.09
Authoritative 3240 625 (21) 573 (18) 2042 (61) 3307 952 (30) 782 (23) 1573 (48)
Permissive 626 131 (24) 113 (17) 382 (59) 807 269 (34) 174 (20) 364 (36)

ENVIRONMENTAL FACTORS®

Transport to school 0.21 0.68
Active 1,047 199 (23) 167 (15) 681 (62) 1,085 298 (30) 261 (22) 526 (49)
Inactive 3,116 627 (22) 561 (18) 1,928 (60) 3,318 1,011(31) 751 (21) 1,556 (47)

Transport from school 0.24 0.48
Active 1,160 223 (23) 190 (15) 747 (63) 1,209 339 (30) 298 (23) 572 (48)
Inactive 3,003 603 (21) 538 (18) 1,862 (60) 3,189 967 (31) 713 (21) 1,509 (48)

School playground” 0.19 0.79
Fair/poor 1,660 320(22) 316 (19) 1,024 (59) 1,704 501 (30) 398 (22) 805 (48)
Good/excellent 2,361 453 (22) 389 (16) 1,489 (62) 2,493 751 (31) 573 (21) 1,169 (48)

School sports facilities? 0.97 0.43
Fair/poor 1,765 343 (22) 310(17) 1,112 (60) 1,908 573 (31) 417 (20) 918 (48)
Good/excellent 2,267 460 (22) 397 (17) 1,410 (61) 2,341 698 (31) 563 (22) 1080 (47)

Safe places to play 0.34 0.18
Agree 3,814 740 (22) 662 (17) 2412 (61) 4,016 1,194 (30) 925 (22) 1,897 (48)
Disagree 344 85 (26) 64 (16) 195 (58) 113 381 (36) 87 (19) 181 (46)

After school activities 0.05 0.17
Yes 3107 576 (20) 550 (18) 1981 (62) 3287 939 (30) 772 (22) 1576 (48)
No 928 216 (25) 159 (17) 553 (58) 1020 334 (33) 225 (19) 461 (48)

*all data is parent (primary caregiver) reported unless indicated otherwise , * child-reported variable

** weight status defined as BMI classified according to International Obesity Taskforce on Obesity age and gender specific guidelines using objectively measured height
and weight data

*** weight status defined as BMI classified according to World Health Organisation guidelines using objectively measured height and weight data.

A school principal reported data, * favourite refers to the study child reporting the hobby as being their favourite thing to do
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Table 15. Univariate multinomial analysis of the individual, family and

environmental factors on PA levels

Moderate PA* (N=1,740)

High PA* (N=4,691)

Variable
OR (95%Cl) p-value OR (95%Cl) p-value
INDIVIDUAL FACTORS'
Gender
Boy 1.13(0.96-1.33) 0.14 1.79(1.55-2.07) <0.001
Girl 1%** 1
Child’s weight status”
Obese 0.52(0.38-0.71) <0.001 0.34(0.26-0.44) <0.001
Overweight 0.78 (0.64-0.95) 0.01 0.71(0.60-0.84) <0.001
Normal 1 1
Exercise/week**
Almost every day 1.95 (1.59-2.38) <0.001 4.33(3.64-5.15) <0.001
3-4times/week 1.99 (1.59-2.45) <0.001 1.93(1.59-2.33) <0.001
<twice/week 1 1
Sports /fitness club
Yes 2.49 (2.09-2.98) <0.001 2.41(2.0-2.82) <0.001
No 1 1
Favourite hobby**
Active hobby® 1.26(1.08-1.48) 0.01 1.81(1.57-2.08) <0.001
Inactive hobby 1 1
Total screen time
<Recommended 2 hours 0.83 (0.67-1.01) 0.06 0.66 (0.56-0.78) <0.001
>Recommended 2 hours 1 1
FAMILY FACTORS"
Parent’s weight status™
Obese 0.86 (0.68-1.09) 0.21 0.77 (0.64-0.94) 0.01
Overweight 0.96 (0.79-1.17) 0.69 0.89(0.76-1.04) 0.13
Normal 1 1
Parent’s employment
Not in full time 1.31(1.02-1.69) 0.04 1.23(0.99-1.53) 0.06
In full time work 1 1
Parent’s education
Third level 1.93 (1.51-2.46) <0.001 1.56(1.28-1.90) <0.001
Post-secondary 1.48 (1.17-1.87) <0.001 1.35(1.13-1.62) 0.001
Higher secondary 1.45 (1.16-1.79) <0.001 1.10(0.94-1.32) 0.23
< =Lower secondary 1 1
Siblings
Yes 0.92(0.67-1.25) 0.57 1.02(0.78-1.32) 0.90
No 1 1
Household type
Two parent 1.37(1.07-1.75) 0.01 1.19(0.99-1.45) 0.06
Single parent 1 1
Parenting style
Authoritative 1.26 (1.03-1.55) 0.02 1.22(1.03-1.44) 0.02
Permissive 1 1
ENVIRONMENTAL FACTORS®
Travel to/from school
Active both ways 0.94 (0.77-1.15) 0.54 1.02(0.87-1.20) 0.80
Active oneway 1.12(0.83-1.52) 0.46 1.00 (0.79-1.28) 0.99

Inactive both ways

1

1
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Variable

Moderate PA* (N=1,740)

High PA* (N=4,691)

OR (95%Cl) p-value OR (95%Cl) p-value
School playground***
Good/excellent 0.89 (0.74-1.06) 0.18 1.00(0.86-1.18) 0.94
Fair/poor 1 1
School sports facilities*** 1.08 (0.91-1.28) 0.37 1.03(0.88-1.20) 0.75
Good/excellent 1 1
Fair/poor
Safe places to play
Agree 1.20(1.02-1.41) 0.03 1.20(1.05-1.38) 0.01
Disagree 1 1
After school activities
Yes 1.29(1.07-1.56) 0.01  1.22(1.04-1.42) 0.01
No 1 1

* all data is parent (primary caregiver) reported unless indicated otherwise

* reference category: low PA

** child-reported data

*** school principal reported data
**** 1 denotes reference category
A active hobby was defined as one in which the study child had a physically active

participatory role

* weight status defined as BMI classified according to International Obesity Taskforce on
Obesity age and gender specific guidelines using objectively measured height and weight data
b weight status defined as BMI classified according to World Health Organisation guidelines
using objectively measured height and weight data.
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Figure 5. Individual, family and environmental factors associated with moderate and high physical activity

boysA

overweightH

abese

>2hrs TST

sportsffitness club 1

active favourite hobby
higher 2nd leval 1

post Znd levelq

third level

primary caregiver overweight
primary caregiver obese
primary caregiver in FT workA
siblings 1

autheritative parenting 9

two parent family

active transport

active & inactive transport
playground q

sports facilities

after school activities 7

safe to play

Moderate PA

0.0

:
]
]
——
'
]
.-
'
]
1
]
]
s
: : .
1.0 2.0 3.0
OR [95% CI]

boys

overweight]

abese-

=2hrs TSTT

sports/fitness club]

active favourite hobby
higher Znd level 4

post 2nd leveld

third levelq

primary caregiver overweight
primary caregiver abese
primary caregiver in FT work]
siblingsT

authoritative parenting

two parent family

active transport-

active B inactive transport
playground-

sports facilities

after school activities

safe to play"

High PA levels

 —a—
[
H
1]
i
I-.—|:
L]
' ——
'
1
| i—

-
e
ot

—a—
L]

0.

t .
1.0 2.0
OR [95% CI]

159



Table 16. Multivariate multinomial analysis of the individual, family and environmental factors on PA levels

Model 1 (individual level factors)

Moderate
OR (95%Cl)

High
OR (95%Cl)

Model 2 (model 1 + family level factors)

Moderate
OR (95%Cl)

High
OR (95%Cl)

Model 3 (model 1 and 2 + environmental factors)

Moderate
OR (95%Cl)

High

OR (95%Cl)

INDIVIDUAL FACTORS *
Gender
Boy
Girl
Child’s weight status”
Obese
Overweight
Normal
Sports/fitness club
Yes
No
Favourite hobby*
Active
Inactive
Total screen time”
< Recommended 2 hours
>Recommended 2hours
FAMILY FACTORS *
Parent’s weight”
Obese
Overweight
Normal
Parent’s employment
In full time work
Not in full time
Parent’s education
Third level
Post-secondary
Higher secondary
< =Lower secondary

0.96 (0.81-1.14)

1***

0.58 (0.42-0.79)
0.79 (0.65-0.97)
1

2.28 (1.88-2.77)
1

1.13 (0.95-1.35)
1

0.90 (0.73-1.11)
1

1.54(1.32-1.80)
1

0.40 (0.31-0.52)
0.77 (0.64-0.91)
1

1.86 (1.58-2.20)
1

1.65(1.42-1.92)

0.71 (0.59-0.84)
1

0.85 (0.68 -1.08)
1

0.86 (0.55-1.34)
0.72 (0.55-1.34)
1

2.32 (1.69-3.18)
1

1.21 (0.95-1.53)
1

0.97 (0.73-1.28)
1

1.14 (0.82-1.58)
0.85 (0.65-1.11)
1

0.81(0.61-1.08)
1

1.74 (1.18-2.57)
1.21 (0.85-1.72)
1.17 (0.81-1.68)
1

1.66 (1.37-2.01)
1

0.41 (0.27-0.61)
0.68 (0.54-0.85)
1

1.92 (1.50-2.46)

1.62 (1.30-2.03)
1

0.67 (0.53-0.86)
1

1.02(0.76-1.36)
0.94 (0.75-1.17)
1

1.05 (0.82-1.34)
1

1.32 (0.96-1.81)
1.17 (0.87-1.57)
1.09 (0.80-1.47)
1

0.84 (0.66-1.06)
1

0.90 (0.57-1.40)
0.75 (.56-1.00)
1

2.28 (1.66-3.14)
1

1.17 (0.91-1.50)
1

0.97 (0.73-1.30)
1

1.11 (0.79-1.56)
0.80 (0.61-1.05)
1

0.76 (0.57-1.01)
1

1.67 (1.12-2.50)
1.14 (0.78-1.67)
1.16 (0.81-1.68)
1

1.64 (1.34-2.01)
1

0.41 (0.27-0.61)
0.68 (0.54-0.86)
1

1.90 (1.48-2.45)
1

1.65 (1.31-2.08)
1

0.66 (0.52-0.85)
1

1.00 (0.74-1.35)
0.92 (0.74-1.16)
1

1.04 (0.72-1.50)
1

1.31(0.94-1.83)
1.16 (0.85-1.58)
1.08 (0.79-1.49)
1

160



Siblings
Yes
No
Household Structure
Two parent
One parent

Parenting style
Authoritative
Permissive

ENVIRONMENTAL FACTORS®

Travel to/from school
Active both ways
Active one way
Inactive both ways
School playground**
Good/excellent
Fair/poor
School sports facilities**
Good/excellent
Fair/poor
Safe places to play
Agree
Disagree
After school activities
Yes
No

Model 1 (individual level factors)

Moderate
OR (95%Cl)

High
OR (95%Cl)

Model 2 (model 1 + family level factors)

Moderate
OR (95%Cl)

1.20 (0.80-1.79)
1

1.38 (0.96-1.98)
1

1.41 (1.07-1.87)
1

High
OR (95%Cl)

0.86 (0.62-1.18)
1

1.03(0.77-1.38)
1

1.15 (0.90-1.47)
1

Model 3 (model 1 and 2 + environmental factors)

Moderate
OR (95%Cl)

1.22 (0.80-1.86)
1

1.45 (0.99-2.12)
1

1.42 (1.06-1.90)
1

1.13 (0.83-1.41)
1.04 (0.66-1.62)
1

0.87 (0.67-1.62)
1

1.08 (0.83-1.41)
1

0.81(0.53-1.24)
1

1.39 (1.05-1.84)
1

High

OR (95%Cl)

0.83 (0.59-1.16)
1

1.07 (0.79-1.44)
1

1.16 (0.91-1.49)
1

1.34 (1.03-1.74)
1.04 (0.72-1.50)
1

0.97 (0.76-1.24)
1

0.99 (0.78-1.26)
1

1.12 -0.75-1.66)
1

1.16 (0.92-1.46)
1

* All data is primary caregiver reported unless indicated otherwise, *child-reported variable, ** school principal reported variable
# objectively measured height and weight data, *** 1 denotes reference category
N screen time was according to the American Association of Pediatrics guidelines
Table including p-values is located in the published paper in Appendix 8



JUCC  conn

Cork Op(‘n Rcsomch Arrhlvc

University College Cork, Ireland artlan
Colaiste na hOllscoile Corcaigh

Keane, E. 2014. Childhood obesity in Ireland: recent trends and modifiable
determinants. PhD Thesis, University College Cork.

Please note that Chapter 7 (pp.162-184) is unavailable due to a restriction
requested by the author.

CORA Cork Open Research Archive http://cora.ucc.ie



http://cora.ucc.ie/

8. MEASURED PARENTAL WEIGHT STATUS AND FAMILIAL SOCIO-
ECONOMIC STATUS CORRELATES WITH CHILDHOOD OVERWEIGHT
AND OBESITY AT AGE 9 (PAPER 6)

EIMEAR KEANE

RICHARD LAYTE

JANAS M HARRINGTON

PATRICIA M KEARNEY

IVAN J PERRY

THIS PAPER WAS PUBLISHED IN PLOS ONE IN 2012 (PLEASE SEE APPENDIX 8)

185



8.1. Abstract
Background
Parental obesity is a predominant risk factor for childhood obesity. Family factors
including SES play a role in determining parent weight. It is essential to unpick how
shared family factors impact on child weight. This study aims to investigate the
association between measured parent weight status, familial socio-economic

factors and the risk of childhood obesity at age 9.

Methods

Cross-sectional analysis of the first wave (2008) of the GUI Study. GUI is a nationally
representative study of 9 year old children (N= 8,568). Schools were selected from
the national total (response rate 82%) and age eligible children (response rate 57%)
were invited to participate. Children and their parents had height and weight
measurements taken using standard methods. Data were reweighted to account for
the sampling design. Childhood overweight and obesity prevalence were calculated
using IOTF definitions. Multinomial logistic regression examined the association

between parent weight status, indicators of SES and child weight status.

Results

Overall, 25% of children were either overweight (19.3%) or obese (6.6%). Parental
obesity was a significant predictor of child obesity. Of children with normal weight
parents, 14.4% were overweight or obese whereas 46.2% of children with obese
parents were overweight or obese. Maternal education and household class were

more consistently associated with a child being in a higher BMI category than
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household income. Adjusted regression indicated that female gender, one parent
family type, lower maternal education, lower household class and a heavier parent

weight status significantly increased the odds of childhood obesity.

Conclusion

Parental weight appears to be the most influential factor driving the childhood
obesity epidemic in Ireland and is an independent predictor of child obesity across
SES groups. Due to the high prevalence of obesity in parents and children,

population based interventions are required.
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8.2. Introduction

Parental obesity is well established as an important risk factor for childhood obesity
(see Chapter 2 for more detail). [168, 169, 173, 175, 370]. Having an overweight
parent doubles [176, 179] the risk of child obesity while obesity amongst both

parents further increases the risk [175, 177, 179].

The relationship between parent and child weight is complex as it is a consequence
of both shared genetic and environmental factors [10, 159, 371, 372]. SES is an
important determinant of the shared family environment. Numerous studies have
demonstrated an association between SES and obesity [373]. SES can influence
lifestyle choices and behaviours, area of residence and food affordability, all of
which are factors that have been shown to be associated with obesity [8, 11, 205,

320].

The inverse association between SES and obesity in adults is well established [9].
However, evidence of a relationship between childhood obesity and SES remains
equivocal [159, 183, 184, 374, 375]. Variation in the types and definition of SES
indicators used in studies may partly explain this. A review by Shrewsbury and
Wardle [183] suggested that the association between child weight and SES is
dependent on the type of SES indicator assessed. Parental education appeared to

be most consistently associated with childhood obesity [183]. However, evidence of

188



an association between household class and household income with child obesity

remained less consistent [183].

As the prevalence of childhood overweight and obesity is high, it is essential to
unpick how shared family factors impact on child weight. Understanding the
underlying pathways to childhood obesity will help in the development of effective
policies and interventions against child obesity. This present research utilizes
nationally representative data containing detailed information on three key
indicators of SES as well as objective measures of parental weight status and this
provides a unique opportunity to determine the effect of different family factors on
childhood obesity. This present study aims to (1) estimate the prevalence of
childhood overweight and obesity by measured parental weight status and a range
of SES indicators and (2) investigate the association between parental weight status,

familial socio-economic characteristics and the risk of childhood obesity at age 9.

8.3. Methods

8.3.1. Ethics Statement

Written informed consent was obtained from a parent/guardian and the study child
prior to data collection commencing. Ethical approval was granted by the Research

Ethics Committee of the Health Research Board based in Dublin, Ireland.
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8.3.2. Study design and sample

The study sample comprised of 8,568 nine-year old children who participated in the
first wave (2007/2008) of the GUI Study [228]. GUI is a nationally representative
cohort of 9 year old children residing in the Republic of Ireland. The sample was
collected using a two-stage sampling method within the national school system.
Eligible children were those who were born between the 1st November 1997 and
the 31st October 1998. In the first stage, 1,105 primary schools from the national
total of 3,200 were randomly selected using a PPS sampling method. In the second
stage, a random sample of eligible children were selected from within each school.
At the school level, a response rate of 82% was achieved, while at the household
level (i.e. eligible child selected within the school) 57% of children and their parents
participated in the study. The data was probability weighted prior to analysis to
account for the complex sampling design. This involved the structural adjustment of
the study sample to the population level whilst maintaining the case base of 8,568

children [343, 344].

8.3.3. Procedures

Trained social interviewers conducted computer assisted personal interviews with
the study child and both parents/guardians (where applicable) within the home.
Parents nominated a primary caregiver (the parent who spent most time with the
study child) who was the primary respondent. Mothers were the primary caregiver
for 98% of the study children. Responses to sensitive questions were self-reported

on a paper questionnaire.
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8.3.4. Anthropometric measures

Anthropometric measurements were obtained during the household interview
using validated methods [344]. The interviewers were responsible for height and
weight measurements of each study child and each adult respondent. Height was
recorded to the nearest millimetre using a Leicester portable height stick. Weight
was recorded using a SECA 761 flat mechanic scales to the nearest 0.5 kilogram.
Study children and their parents were asked to wear light clothing for the weight
measurement. Children were classified as normal weight, overweight (a BMI of
19.46 for boys and 19.45 for girls) or obese (a BMI of 23.39 for boys and 23.46 for
girls) using age and gender specific IOTF definitions [27]. Measured parent BMI was
classified according to the WHO classifications as normal weight (<25kg/m?),

overweight (225 and <30kg/m?) or obese (230kg/m?) [1].

8.3.5. Covariates

Parent reported variables were study child’s gender (male/female), family type (one
parent/two parents), study child has siblings (yes/no), mother’s current age and SES
indicators. Mother’s current age was categorized into four groups (<30, 30-39, 40-
49, 50+). SES was assessed using three different indicators: household class,
household income and mother’s highest level of education [228]. Mother’s highest
level of education (as opposed to father’s highest level of education) was chosen as
they tended to be the primary caregiver. The mother’s education variable was
coded as follows: lower secondary education or less, higher secondary education,

post-secondary education and third level education. Household class was measured
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using the Irish Central Statistics (CSO) Social Class Schema 1996 produced by
aggregating occupations classified using the CSO’s Standard Classification of
Occupations. For two parent families where both parents were economically active
and were in different classes, the higher of the social classes was assigned to the
family [228]. Net household income was self-reported. Net income was adjusted for

household composition and size.

A separate variable was constructed for mother’s measured BMI classification and
father’s measured BMI classification. Both variables were coded: normal weight,
overweight, obese, missing. A combined single index variable for parent weight
status was constructed by combining the mother’s and father’s measured BMI
variables and was coded as: single parent/ both parents normal weight (normal
weight family), one parent overweight (in a two parent family), single parent/ both
parents overweight (overweight family), one parent obese (in a two parent family),

single parent/ both parents obese (obese family).

8.3.6. Missing Data

No/low levels (<2%) of missing values were found within most of the covariates.
However, where large levels of missing data were observed, methods of
representing these values were incorporated into the analysis. Net household
income had a high number (N=626, 7.3%) of missing values. The continuous
equivalised net income variable was imputed using the multiple imputation (Ml)

command in Stata. This variable was then re-coded and presented in quintiles.
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Measured height and/or weight data was missing for 5.2% of mothers and 6.4% of
fathers (where present). Statistical tests suggested that the height and weight data
were not missing at random so the data could not be imputed. In order to account
for missing data, ‘missing data’ categories were generated for the mothers
measured BMI and fathers measured BMI variables. Measured BMI data was
available for 95% of the study children. This gave an effective case base of 8,136

children for analysis.

8.3.7. Statistical analysis

Analysis was completed in Stata 12 IC (StataCorp LP, USA). Probability weights were
applied using survey data commands to account for the complex survey design.
Prevalence estimates for normal weight, overweight and obese children were
obtained. Unadjusted multinomial logistic regression was used to determine the risk
of childhood overweight or obesity compared to normal weight according to
parental weight status and familial SES factors. Forward stepwise multinomial
logistic regression was conducted to assess the relationship between parent weight
status, SES factors and childhood overweight and obesity. Non-significant variables
based on the univariate regression (mother’s current age) were not included in the
forward stepwise regression. Mother’s measured BMI and father’s measured BMI
were not included during adjustment as they were combined to form the single
index variable parent weight status. Each of the nested models presented in the
results section were adjusted for socio demographic (study child’s gender, family

type and study child has siblings) variables and SES indicators. Model 1 included the
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social demographic variables and household class; model 2 further adjusted for
maternal education; model 3 was further adjusted for household income. The final
model (model 4) was adjusted for study child’s gender, study child has siblings,
household class, highest level of maternal education, household income and parent

weight status.

8.4. Results

Measured BMI data was available for 8,136 (95%) children. Overall, 74.1% (95% Cl,
72.8-75.3) of children were a normal weight, 19.3% (95% Cl, 18.2-20.5) were
overweight and 6.6% (95% Cl, 5.9-7.4) were obese. The prevalence of normal
weight, overweight and obese children by parent weight status and by indicators of

familial SES is shown in Table 21.

In total, 30% of girls were overweight or obese compared with 22% of boys
(p<0.000). Within each of the SES indicators, there was an inverse relationship
between SES and the prevalence of child overweight and obese. Those ranked lower
within each of the socio-economic variables (household income p=0.013, maternal
education p<0.000 & household class p<0.000) were significantly more likely to be
overweight or obese than those ranked at a higher position. A higher prevalence of
overweight and obesity was found among children whose mothers were either
overweight or obese compared with children whose fathers were overweight or

obese (p<0.000). Overall, 47.2% (95% Cl, 45.7%-48.7%) of mothers were normal
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weight whilst 20.6% (95% Cl, 19.4%-21.8%) of fathers were normal weight. Of
children from two parent families, only 12% had 2 normal weight parents while
39.2% had at least one obese parent. In total, 11% (95% Cl, 8.5%-14.1%) of children
with 2 normal weight parents were overweight or obese. This increased to 24.7%
(95% Cl, 21.8%-28%) when one parent was obese and to 49.2% (95% Cl, 43.3%-
55.1%) when both parents were obese. Of children from single parent families,
49.2% (95% Cl, 45.1%-53.3%) had a normal weight parent and 20% (95% Cl, 16.7%-
23.9%) had an obese parent. Overall, 18.1% (95% Cl, 14.1%-23%) of children from
single parent families with a normal weight parent were overweight or obese. This
increased to 34.1% (95% Cl, 27.7%-41.2%) when the parent was overweight and

41% (95% Cl, 32%-50.6%) when the parent was obese.

Table 22 presents the results of the univariate multinomial logistic regression
analyses. Univariate regression indicates that female gender, one parent family
type, being an only child, lower household class, lower maternal education, lower
household income and higher parental BMI (mother’s BMI, father’s BMI and parent
weight status) were all associated with a child being in a higher BMI category.
Having an overweight parent (within mother’s BMI, father’s BMI and the combined
single index variable parent weight status) consistently increased the odds of
childhood overweight and obesity. Parent weight status was most strongly
associated with childhood overweight and obesity. The univariate regression also
indicated that a lower household class and lower maternal education were

associated with greater odds of childhood obesity than household income.
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Results of the forward stepwise multinomial logistic regression are presented Table
23 and 24 (please see Appendix 8 for table in published paper). Model one and
model two are presented in table 23 while model 3 and model 4 are presented in
Table 24. The social demographic variables, female gender (p<0.000) and one
parent family type (p<0.000) were significantly associated with childhood obesity.
One parent family type was no longer significantly associated with childhood
obesity when the SES indicators were added to the model (model 3: p=0.173).
When household income was added to model 3, household income was no longer
significantly associated with the odds of a child being in a higher BMI category.
However, the association between household class and maternal education with

child BMI remained unchanged (when comparing model 3 to model 2).

In the fully adjusted model (Table 24, model 4), female gender, one parent family
type, lower household class, lower maternal education and having overweight or
obese parents significantly increased the odds of child obesity. Within model 4,
children whose mothers were educated to less than a graduate level had at least
double the odds of childhood obesity compared with those educated to a graduate
level. A lower household class remained significantly associated with child obesity.
Although not significant, lower levels of education and a lower household class
were associated with an increased odds of childhood overweight. Parent weight
status was most significantly associated with childhood overweight and obesity.
Children with obese parents were at a significantly increased odds of overweight

(odds ratio [OR] 3.9, 95% Cl, 2.8-5.6) when compared to children with normal
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weight parents. The odds of childhood obesity were 15.3 (95% Cl, 8.4-27.7) when
the single parent/both parents were obese. The odds of childhood obesity
increased by nearly 3 fold when the single parent/both parents were obese

compared to the single parent/both parents being overweight.

8.5. Discussion

8.5.1. Main findings

Using nationally representative data this present study aimed to assess the
association between measured parent weight status, familial SES factors and the
odds of childhood obesity. This research has resulted in two principal findings.
Firstly, parent weight status appears to be the most significant independent
predictor of childhood obesity in Ireland. Children from families with overweight or
obese parents were at a significantly higher odds of obesity than children with
normal weight parents. Secondly, household class and maternal education are

better predictors of childhood obesity than household income.

Only 18.9% of children were from families (either single parent or two parent
families) with normal weight parents. Having normal weight parents appears to
have a protective effect against the odds of childhood obesity. Only 14.4% of
children from such families were overweight or obese whereas 46.2% of children
with obese parents were overweight or obese. After adjustment for household

socio-economic characteristics, children from obese parent families remained at
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greater than 15 (95% Cl, 8.44-27.65) times the odds of obesity when compared to
children from families with normal weight parents. This suggests that SES alone
cannot explain the association between parent obesity and child obesity. SES
indicators appear to only capture some shared familial environmental factors which
can result in an increased weight status. The results highlight that the shared family
environment is a multi-dimensional contributor to the obesity epidemic with both

genetic and environmental origins.

Within this present study, children who were more deprived were at a higher odds
of overweight and obesity, which is similar to results found in adults [9]. Children
from one parent families were found to be at significantly higher odds of overweight
and obesity than children from two parent families. Some research suggests that
one parent families may have greater levels of social deprivation and this may play a
role in explaining this [376]. However, our results indicate that parental weight was
more predictive of overweight and obesity in children from single parent families
than SES. There was an inverse association between household class and maternal
education with childhood obesity. The association between household class and
childhood obesity was more graded. Within the final adjusted model, children from
a lower household class were at higher odds of obesity than children with lesser
educated mothers. Research indicates that parental education is the SES indicator
most consistently associated with childhood obesity [183, 374]. This may be because
maternal education is a more stable indicator of SES over time than household

income or household class. Maternal education is likely to influence factors including
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literacy as well as knowledge of healthy versus unhealthy behaviours which impact
on weight status [373, 377]. As a higher level of education appears protective
against child obesity, this suggests that education may be crucial in tackling the
obesity epidemic. Overall, variations in odds of obesity by each indicator of SES
suggest that household class, household income and maternal education may all
influence different behaviours and choices that impact weight status. Further
research is required to fully understand how each SES characteristic predicts
behaviours which result in an increased weight status. In addition, efforts are

necessary to standardise SES indicators and definitions used across studies.

8.5.2. Possible explanations for the findings

In this study SES indicators do not explain all the association between parent and
child weight. Therefore, other causal pathways for childhood obesity need to be
considered. Research from other studies of childhood obesity indicates that the
weight status of parents from 2 parent families may interact [174, 175].
Mechanisms resulting in a positive energy balance in both parents appear to be
more predictive of childhood obesity than such mechanisms in one parent. In this
current research having 2 obese parents compared with one obese parent resulted

in a 2 fold increase in the odds of childhood obesity.

A study by Wardle et al. [378] compared food, physical activity and lifestyle patterns

in children from lean and obese families. This study found that children from obese

199



families had higher preferences for fatty foods and sedentary activities and a lower
preference for fruit and vegetable consumption. Such food and physical activity
patterns may have a negative impact on energy balance resulting in an increased
weight status. Such diet and activity patterns may potentially explain the lack of
significance for household income in this present study. Parent weight status may be
a better predictor of food types purchased rather than income or other measures of
household SES. More affluent families with obese parents may have a preference for
energy dense food regardless of income available to spend on good quality foods.
Grunert at al, [379] suggest that habitual behaviour is difficult to change even if an
individual is aware of the negative consequences of their behaviours. Grunert et al,
suggest that obese individuals have a greater response to external cues (sight, smell)
for food intake whilst normal weight individuals respond to internal cues (hungry).
Children may acquire habitual behaviours and responses to dietary and physical
activity patterns from that of their parents. Another possible explanation is that
genotypes including the FTO gene which impacts appetite may influence control
over food intake and choices resulting in children from obese families having a

greater predisposition for obesity [73, 380-382].

Similar to other findings [383, 384], maternal obesity was more predictive of a child
being in a higher BMI category than paternal obesity. There are a number of
possible explanations for this. Mothers were nominated as the primary caregiver
(the person who spent most time with the study child) for 98% of children who took

part in this study. This indicates that children spend more time in their mother’s
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environment and thus may acquire more behaviour’s from their mother. A study by
Hannon et al, [385] found that the eating habits of the family food preparer, 84% of
whom were mothers, predicted the eating habits of their child. Birth factors
including the role of the intra-uterine environment on subsequent risk of childhood

obesity is a second possible explanation [386, 387].

8.5.3. Strengths and Limitations

GUI is a large and nationally representative sample. The sample equates to
approximately one in seven of all births in Ireland in 1997. The results of the study
are applicable at a population level as a result of applying the sampling weights. All
objective BMI measurements were measured by trained professionals using
standardised techniques. The study contains information on three indicators of SES
(household class, equivalised household income and maternal highest level of
education). Imputing the household income variable decreased the amount of

missing data.

However, there are several limitations to the study. There was a relatively low
response rate at the household level (57%). The data have been weighed to adjust
for the sampling strategy and response rate. However, there may be residual
response bias. Of the children with measured BMI, there was missing values for BMI
for 5.2% of mothers and 6.9% of fathers. Data was also missing for income for 7.3%

of the households. While the missing data imputation procedure has enhanced the
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study power, it would have been preferable not to have missing data on this key

variable.

8.5.4. Conclusions

Parent weight status is a significant predictor of childhood obesity. Children from
lower household class families and those with lesser educated mothers were at an
increased odds of childhood obesity. Early intervention is required to tackle the
problem of childhood obesity. It may be suggested to target interventions at
families where parents are overweight or obese. However, we must consider that in
the current study, this includes the majority (81%) of families. Thus, the findings
highlight the need for broadly based population level interventions targeting the
social, economic and cultural dimensions of overweight and obesity. Further
research is needed to assess how behaviours that affect energy balance vary

between families with normal weight parents versus families with obese parents.
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Table 21. Prevalence of normal weight, overweight and obese 9 year old children

by parental weight and family socio-economic status indicators

Prevalence N=8136
Normal Overweight Obese
Total weight
N=8136 N =6120 N= 1545 N =471
N % N (%) N (%) N (%)
Gender
Boy | 3958 51.3 | 3101 (78.0) 661 (16.6) 196 (5.4)
Girl | 4178 | 48.7 | 3019(70.0) | 884(22.2) | 275(7.8)
Family type
Two parents [ 7215 82.2 | 5474 (74.6) | 1352(19.3) | 389 (6.1)
One parent 921 17.8 | 646 (71.6) 193 (19.7) 82 (8.7)
Has siblings
Yes | 7340 89.7 | 5569 (74.9) | 1346 (18.6) | 425 (6.5)
No 626 8.8 431 (66.0) 156 (26.1) 39(7.9)
Mothers age
<30 497 9.0 350 (70.7) 108 (21.3) 39 (8.0)
30-39 3107 41.3 | 2303 (73.5) 609 (19.5) 195 (7.0)
40-49 | 4271 | 46.8 | 3282(75.5) | 775(18.7) | 214(5.7)
50+ 219 2.9 156 (70.6) 47 (23.2) 16 (6.2)
Household class
Professional workers 1114 8.3 926 (81.9) 165 (16.0) 23 (2.1)
Managerial and technical 3154 33.5 | 2418 (76.6) 594 (18.6) 142 (4.7)
Non-manual 1598 18.7 | 1177 (72.8) 316 (20.5) 105 (6.8)
Skilled manual 1137 16.6 | 809 (71.6) 234 (20.1) 94 (8.3)
Semi- skilled and unskilled 702 10.9 | 479 (66.0) 157 (23.0) 66 (11.0)
Unclassified class 431 12.0 | 311(74.4) 79 (17.5) 41 (8.1)
Equivalised household annual income (in quintiles)
Highest 2007 20.1 | 1575 (76.9) 363 (18.8) 69 (4.3)
4" 1734 20.1 | 1301 (73.8) 347 (19.9) 86 (6.4)
3" 1513 20.2 | 1120 (73.9) 289 (19.9) 104 (6.2)
2" 1300 20.0 | 969 (72.6) 241 (20.1) 90 (7.3)
Lowest 993 19.6 | 718(73.6) 184 (17.4) 91 (9.0)
Highest level of maternal education
Third level education | 2103 16.9 | 1694 (80.6) | 349 (16.6) 60 (2.8)
Post secondary education 2007 16.0 | 1513 (75.2) 384 (19.1) 110 (5.7)
Higher secondary education | 2560 | 37.2 | 1908 (74.6) | 493 (19.3) 159 (6.1)
Lower secondary education | /15 | 350 | 968 (69.3) | 311(21.3) | 133 (0.4)
or less
Mothers measured BMI classification
Normal [ 3836 47.2 | 3207 (82.9) 543 (14.6) 86 (2.5)
Overweight | 2491 31.6 | 1796 (70.7) 523 (21.5) 172 (7.9)
Obese | 1349 | 19.2 | 804(59.7) | 371(27.2) | 174(13.1)
Missing | 177 2.0 | 135(78.2) 30(14.7) 12 (7.1)
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Normal Overweight Obese
weight
N (%) N (%) N (%)
Fathers measured BMI classification
Normal [ 1506 20.6 1276 (83) 192 (14.2) 38 (2.8)
Overweight | 3439 | 47.0 | 2680(77.7) | 608(17.7) | 151 (4.6)
Obese | 1713 | 25.6 | 1107(63.9) | 451(25.5) | 155 (10.6)
Missing data | 452 6.9% | 325(67.7) 88 (22) 39 (10.3)
Parent Weight Status
Single parent/both parents | ) | 109 | 1104 (85.6) | 146(126) | 21(1.8)
normal weight
One overweight (2 parent | .o | 26.7 | 1003 g3y | 284(1413) | 52(2.7)
family)
Single parent/both parents | 3\ | 188 | oo0 0y | 976(203) | 87(7.3)
overweight
One obese (2 parent family) [ 1922 25.8 1317 (68.2) 466 (23.9) 139 (7.9)
Single parent/both parents | ... | o4 | 557 (538) | 180(205) | 98(16.7)

obese
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Table 22. Association between parental weight status, family socio-economic

status indicators and the risk of child overweight and obesity

Overweight Obese
OR (95% Cl) P OR (95% Cl) P
Gender
Boy 1 1
Girl | 1.49(1.29-1.72) | 0.000 1.61(1.27-2.03) 0.000
Family type
Two parent 1 1
One parents | 1.07 (0.87-1.31) | 0.529 1.47 (1.09-2) 0.013
Has siblings
Yes 1 1
No | 1.07 (1.01-1.14) | 0.016 0.97 (0.86-1.1) 0.660
Mother’s age
<30 1 1
30-39 | 0.88(0.65-1.19) | 0.404 0.84 (0.54-1.31) 0.445
40-49 | 0.82(0.62-1.1) 0.181 0.67 (0.44-1.03) 0.065
50+ | 1.09 (0.67-1.78) | 0.731 0.78 (0.38-1.6) 0.5
Household class
Professional workers 1 1
Managerial & technical | 1.25 (0.97-1.61) | 0.088 2.4 (1.35- 4.26) 0.003
Non-manual | 1.44(1.11-1.88) | 0.006 | 3.61(1.96-6.64) | 0.000
Skilled manual | 1.44(1.09-1.9) 0.011 4.49 (2.43 -8.32) 0.000
Semi- skilled &unskilled | 1.79 (1.32-2.43) | 0.000 | 6.45(3.41-12.18) | 0.000
Unclassified class | 1.21(0.84-1.74) | 0.306 4.2 (2.13-8.3) 0.000
Highest level of maternal education
Third level education 1 1
Post secondary education 1.23(1-1.51) 0.046 2.21(1.42-3.43) 0.000
Higher secondary education | 1.26 (1.04-1.52) | 0.018 2.4 (1.6-3.6) 0.000
Lower secondary education or | 1.49 (1.21-1.84) | 0.000 3.96 (2.66-5.89) 0.000
less
Equivalised household annual income (in quintiles)
Highest 1 1
4" | 1.1(0.9-1.34) 0.353 1.53 (1.02-2.29) 0.038
3| 1.1(0.89-1.36) | 0.378 1.5(1.02-2.2) 0.041
2" | 1.13(0.91-1.4) | 0.276 1.79 (1.19-2.68) 0.005
Lowest | 0.96 (0.75-1.24) | 0.769 2.18 (1.44-3.31) 0.000
Mother’s measured BMI classification
Normal 1 1
Overweight | 1.73 (1.46-2.05) | 0.000 3.65(2.64-5.06) 0.000
Obese | 2.59(2.12-3.16) | 0.000 | 7.17(5.13-10.03) | 0.000
Missing data | 1.07 (0.63-1.82) | 0.799 2.98 (1.52-5.85) 0.002
Father’s measured BMI classification
Normal 1 1
Overweight | 1.33(1.07-1.65) | 0.010 1.74 (1.13-2.69) 0.012
Obese | 2.33(1.86-2.93) | 0.000 4.92 (3.2-7.57) 0.000
Missing data | 1.89(1.33-2.69) | 0.000 | 4.51(2.56-7.97) | 0.000
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Overweight Obese
OR (95% CI) P OR (95% Cl) P
Parent Weight Status
Single parent/both parents 1 1
normal weight
One overweight (2 parent family) | 1.16 (0.89-1.50) | 0.275 1.54 (0.85-2.79) 0.157
Single parent/both parents | 1.91 (1.45-2.50) | 0.000 4.74 (2.70-8.32) 0.000
overweight
One obese (2 parent family) | 2.39(1.84-3.1) | 0.000 5.42 (3.15-9.32) 0.000
Single parent/both parents obese | 3.73(2.69-5.17) | 0.000 | 14.53(8.17-25.85) | 0.000
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Table 23. Forward stepwise multinomial logistic regression

Model 1 Model 2
Overweight Obese Overweight Obese
OR (95% ClI) P OR (95% ClI) P OR (95% ClI) P OR (95% ClI) P
Gender
Boy 1 1 1 1
Girl | 1.47 (1.28-1.7) 0.000 1.52(1.21-1.91) 0.000 1.46 (1.26-1.68) 0.000 1.48 (1.18-1.86) 0.001
Family type
Two 1 1 1 1
One | 1.1(0.86-1.4) 0.464 1.34 (0.94-1.9) 0.108 1.15(0.9-1.47) 0.277 1.33(0.93-1.91) 0.119
Siblings
Yes 1 1 1 1
No | 1.07(1.01-1.13) 0.031 0.95 (0.83-1.08) 0.417 1.07 (1.01-1.13) 0.033 0.95 (0.83-1.09) 0.449
Household class
Professional workers 1 1 1 1
Managerial &technical | 1.23 (0.95-1.6) 0.114 2.33(1.31-4.16) 0.004 1.17 (0.90-1.52) 0.249 2.7 (1.61-4.52) 0.000
Non-manual | 1.40(1.07-1.83) 0.016 3.39(1.81-6.33) 0.000 1.26 (0.94-1.69) 0.121 3.34(1.93-5.78) 0.000
Skilled manual | 1.40 (1.05-1.86) 0.021 4.37 (2.36-8.10) 0.000 1.27 (0.93-1.72) 0.127 3.98 (2.27-6.99) 0.000
Semi-skilled &unskilled | 1.69 (1.24-2.31) 0.001 5.93(3.1-11.35) 0.000 1.50 (1.07-2.10) 0.018 5.01(2.76-9.09) 0.000
Unclassified class | 1.11 (0.74-1.67) 0.602 3.26 (1.51-7.05) 0.003 0.97 (0.63-1.48) 0.888 2.75(1.37-5.54) 0.005
Highest level of maternal education
Third level - - 1 1
Post secondary 1.18 (0.95-1.46) 0.131 1.91(1.21-3.01) 0.005
Higher secondary 1.16 (0.94-1.43) 0.162 1.9 (1.23-2.94) 0.004
Lower secondary/ less 1.33 (1.05-1.70) 0.018 2.79 (1.77-4.39) 0.000
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Table 24. Forward stepwise multinomial logistic regression (continued)

Model 3 Model 4
Overweight Obese Overweight Obese
OR(95%Cl) P OR(95%Cl) P OR(95%CI) P OR(95% Cl) P
Gender
Boy 1 1 1 1
Girl | 1.44 (1.24-1.67) | 0.000 | 1.52(1.19-1.94) | 0.001 | 1.45(1.24-1.70) | 0.000 1.52(1.15-2.0) 0.003
Family type
Two 1 1 1 1
One | 1.23(0.95-1.59) | 0.112 1.3 (0.89-1.89) 0.173 1.47 (1.09-1.97) | 0.011 | 1.83 (1.17-2.87) 0.009
Siblings
Yes 1 1 1 1
No | 1.06(1.0-1.14) | 0.055 | 0.95(0.83-1.10) | 0.505 | 1.07(0.99-1.14) | 0.080 | 0.95 (0.83-1.09) 0.493
Household class
Professional workers 1 1 1 1
Managerial &technical | 1.15(0.88-1.5) | 0.304 | 2.55(1.51-4.31) | 0.000 | 1.17(0.88-1.57) | 0.278 | 2.89 (1.55-5.39) 0.001
Non-manual | 1.21(0.89-1.65) | 0.213 | 3.17(1.81-5.55) | 0.000 | 1.25(0.9-1.75) | 0.180 | 3.26(1.7-6.25) 0.000
Skilled manual | 1.26 (0.91-1.75) | 0.156 | 3.78(2.12-6.73) | 0.000 | 1.32(0.93-1.88) | 0.120 | 4.0(2.01-7.81) 0.000
Semi-skilled &unskilled | 1.50 (1.06-2.14) | 0.024 | 4.40(2.36-8.20) | 0.000 | 1.43(0.98-2.1) | 0.066 | 4.75(2.29-9.86) 0.000
Unclassified class | 0.97 (0.62-1.53) | 0.898 | 2.62(1.27-5.37) | 0.009 | 0.94 (0.56-1.57) | 0.805 | 2.13(0.96-4.76) 0.064
Highest level of maternal education
Third level education 1 1 1 1
Post secondary education | 1.2 (0.95-1.51) | 0.120 | 1.89(1.18-3.03) | 0.008 | 1.18(0.92-1.52) | 0.202 | 2.29(1.47-3.55) 0.000
Higher secondary education | 1.17 (0.94-1.46) | 0.156 | 1.81(1.14-2.88) | 0.012 | 1.11(0.87-1.41) | 0.422 | 2.05(1.35-3.11) 0.001
Lower secondary education or less | 1.41(1.08-1.83) | 0.010 | 2.79(1.72-4.53) | 0.000 | 1.22(0.91-1.64) | 0.117 2.7 (1.72-4.23) 0.000
Equivalised household annual income (in quintiles)
Highest 1 1 1 1
4™ | 1.01(0.82-1.24) | 0.933 | 1.16(0.77-1.75) | 0.488 | 0.96(0.77-1.2) | 0.713 | 1.19 (0.76-1.86) 0.459
3" | 0.96(0.77-1.21) | 0.744 | 0.94(0.63-1.41) | 0.780 | 0.93(0.73-1.2) | 0.589 | 0.96 (0.61-1.52) 0.873
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Model 3 Model 4
Overweight Obese Overweight Obese
OR(95%Cl) P OR(95%Cl) P OR(95%Cl) P OR(95%Cl) P
Equivalised household annual income (in quintiles)
2" | 0.96(0.75-1.21) | 0.703 | 1.02 (0.66-1.58) | 0.927 | 0.91(0.71-1.18) | 0.487 | 0.96 (0.59-1.55) 0.864
Lowest | 0.81(0.60-1.08) | 0.146 | 1.11(0.69-1.78) | 0.656 | 0.75(0.55-1.04) | 0.083 | 1.04 (0.61-1.75) 0.895
Parent weight status
Single parent/ both parents normal - - 1 1
weight
One overweight (2 parent family) 1.32(0.99-1.77) | 0.058 | 2.16(1.16-4.18) 0.022
Single parent/both parents 2.08 (1.56-2.79) | 0.000 | 5.36(2.95-9.72) 0.000
overweight
One obese (2 parent family) 2.66 (2.0-3.55) 0.000 | 6.88(3.76-12.61) | 0.000
Single parent/both parents obese 3.94 (2.78-5.58) | 0.000 15.28 (8.44- 0.000
27.65)
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10. DISCUSSION
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This thesis aimed to contribute to the current evidence base regarding the
direction, magnitude and contribution of risk factors for childhood overweight and
obesity. This chapter firstly outlines the main findings of this thesis. Secondly, the
main strengths and limitations of this work are highlighted. Thirdly, potential areas
for consideration by public health planners and policymakers are outlined. Fourthly,
areas for future research are proposed. Finally, | provide a brief conclusion to this

thesis.

10.1. Main findings

10.1.1. Trends

The systematic review collated data on prevalence rates of overweight and obesity
from population samples of Irish school children between 2002 and 2012 (Chapter
3). As the methods used between studies varied, the results were difficult to
interpret. However, consistent with other developed countries [32, 218], the
prevalence of childhood overweight and obesity remained stable over the previous
decade. There was some evidence to suggest that childhood obesity rates may have
decreased slightly. However, one in four Irish children remained either overweight

or obese during this 10 year period.

10.1.2. Determinants

Using social-ecological theory, risk factors for childhood overweight and obesity

were examined at an individual, family and environmental level. Diet, physical
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activity and sedentary behaviour were assessed as individual level lifestyle factors.
A higher proportion of overweight and obese child engaged in unhealthy lifestyle
behaviours than normal weight children (see Chapters 5, 6 and 7). Overweight and
obese children had a lower diet quality and a higher energy intake (kcals) when
compared to normal weight children. A high contribution of daily energy intake in
all children was from unhealthy kidDASH components, especially those who were
overweight and obese. A one unit increase in kidDASH was significantly associated
with a decreased risk of childhood overweight and obesity (RR 0.97, 95% Cl, 0.95-

0.99, p=0.002).

Individual level factors were more strongly associated with physical activity levels in
nine year old children than family or environmental level factors (Chapter 6). In
particular, being a member of a sports or fitness club and having an active favourite
hobby were positively associated with higher levels of physical activity. Exceeding
two hours of TST and being overweight or obese were negatively associated with

higher physical activity levels.

Normal weight children engaged in approximately 20 minutes extra of MVPA per
day than overweight and obese children (Chapter 7). Time spent at MVPA was
inversely associated with the risk of childhood overweight and obesity independent
of sedentary time. By contrast, sedentary time was not associated with the risk of
overweight and obesity independent of MVPA. However, TST was independently

associated with the risk of childhood overweight and obesity. This suggests that
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how sedentary time is spent may be a stronger risk factor for overweight and

obesity than overall time spent sedentary.

Family and environmental level risk factors for overweight and obesity were
explored using GUI Study data (Chapters 8 and 9). At a family level, parent weight
status and the SES of the family were assessed. Only one in five children had two
normal weight parents (or a normal weight single parent). Parental obesity and
each of the SES indicators (social class, highest level of maternal education and
equivalised household income) were associated with childhood overweight and
obesity in univariate analyses. In multivariate analyses, parental weight status
remained a strong risk factor for childhood overweight and obesity. Highest level of
maternal education and social class were also significantly associated with the odds
of obesity but not with overweight. However, household income was not associated
with childhood overweight or obesity after adjustment. This suggests that each SES
variable operates via a different pathway to influence the odds of childhood

overweight and obesity.

The impact of access to food outlets in the local area on diet quality and BMI was
explored as an environmental level risk factor. The distance to and density of
convenience stores or supermarkets in the local area did not significantly impact on
dietary quality or BMI in children. However, there was some evidence that
household SES did influence diet quality and BMI. These findings are in contrast to

data from Irish adults where an association between food access and dietary quality

240



was found [205]. A possible explanation for the lack of an association may be due to

the limited variation in the DQS.

10.2. Strengths and limitations
This section provides a synopsis of the overall strengths and limitations of this
thesis. The strengths and limitations of the seven papers in this thesis have been

acknowledged and addressed in the previous chapters.

This thesis has addressed a timely and relevant research question in Ireland. The
Department of Health in Ireland published the Healthy Ireland report in 2013 and
set a target to reduce the prevalence of overweight and obesity in Irish children by
6% by 2019 [408]. The systematic review has provided data on trends in overweight
and obesity prevalence in the 10 years prior to this target being set. This thesis has
also provided some current data on risk factors for childhood overweight and
obesity. If a downward population level shift in the prevalence of childhood
overweight and obesity is to be achieved, an in-depth understanding of the current
aetiology of obesity is needed. The relevance of the findings is highlighted as this
work has been presented at scientific conferences both nationally or internationally.
To date, four of the included papers have been published in peer reviewed scientific
journals. Two invited pieces of work have been published, one by a national level
stakeholder with a specific policy focus. In addition, a national level organisation,

Safefood, has used the findings of the CCLaS Study to inform their current obesity

241



campaign. This work has also attracted attention from local, national, print and

broadcast media (see Tables 44-48 in Appendices 6 and 7).

Two relatively large studies were used to explore risk factors for overweight and
obesity. The GUI Study is a nationally represent study which collected data on a
wide range of risk factors. The CCLaS Study collected in-depth data on lifestyle
factors, data which are sparse in Ireland. Both studies included objective
measurements. The outcome variable (weight status) was objectively measured in
both studies. Many of the main risk factors were carefully measured and well
defined. Accelerometer derived physical activity and sedentary time variables were
explored. Energy under-reporting was considered when assessing the dietary data
to account for measurement error. Objectively measured parental BMI, numerous
measures of family level SES and GIS food access data was also available for this
thesis. Data on a number of important confounders were also available and

considered within each of the included results chapters.

Key practical, ethical and epidemiological considerations were taken into account
during the conduct and reporting of this research. Practical and ethical
considerations addressed as part of the CCLaS Study are outlined in Chapter 4.
Careful consideration was given to the selection and adjustment of confounders.
Missing data was imputed where appropriate. Missing data categories were

generated to describe non-responders or to reduce the quantity of missing data
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where deemed appropriate. Multicollinearity was also considered where there may
have been excessive correlation between covariates. As measurement error is
associated with the reporting of dietary intake especially in obese children [409,
410], this thesis identified energy under reporters and stratified results in Chapters
5 and 6. Data reduction techniques were chosen for the accelerometers based on
the current evidence base. The clustering of children within schools was accounted

for during analysis of the CCLaS Study.

This thesis also has a number of limitations. As the data used in this thesis is cross-
sectional, causal inference must be tentative. There are well established criteria for
causal inference which are extensively used in the interpretation of findings in
epidemiological research. Causal inference in science is always uncertain and this is
particularly the case in relation to epidemiology, even with the most robust
research designs (cohort studies and randomised controlled trials). There are
particular concerns regarding causal inference in cross-sectional studies as we
measure the cause and effect at the same time. In the case of the exposures and
outcomes examined in this thesis, for example, physical activity and obesity, bi-

directional associations are possible.

The limited age of the children in the CCLaS and GUI Studies may reduce the
external validity of the findings of this thesis, as the findings may not be
generalisable to children of all ages. Non-responder bias may be a problem for both

the GUI and CCLaS Studies though sampling weights were available to account for
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imbalances in the GUI data. No information was available on the children who did
not participate in the GUI and CCLaS studies. Data on some important confounders
such as pubertal status was not available. As the data in this thesis is from
observational studies, residual confounding is a possibility. Residual confounding
may have occurred if confounders were either unaccounted for or if measured with

poor precision such as if categories of included confounders were too broad.

Habitual dietary intake and physical activity are difficult to measure, define and
interpret in children (see Chapter 2, 5 and 7 for more detail) [96]. For the CCLaS
Study, feasibility and practicality were considered when deciding how to measure
diet and physical activity as both are susceptible to measurement error and bias.
Measurement error applies to all our exposures and outcomes in epidemiology. This
need not be a problem provided that the error is random and the sample size is
relatively large. By contrast, bias is always of concern, either selection bias (eg. non-
response bias) or measurement bias (recall or social desirability bias). Social
desirability bias can arise if children change their behaviours during the
measurement period and this is especially a problem during analysis if the error is
systematic. The food diary used in the CCLaS Study had not been validated prior to
data collection and further work is needed to test the validity and reliability of this
measurement tool. Accelerometers can underestimate some activities such as
cycling when located on the wrist. This may result in non-random error. To date,
there is no consensus on the best data reduction techniques for accelerometers.

This limits the comparability and generalisability of findings.
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10.3. Public health and policy implications

10.3.1. Monitoring of childhood overweight and obesity rates

Traditionally, the monitoring of height and weight in Irish children has been
inadequate. It is important that child height and weight are routinely monitored. In
2008, the first round of the WHO Childhood Obesity Surveillance Initiative
commenced where the height and weight of a sample of children aged 7 was
measured. In 2010, children aged 7 and 9 had measures taken and in 2012 children

aged 7, 9 and 11 had measurements taken.

In addition, the Health Service Executive is piloting the inclusion of height and
weight measurements as part of the routine school health check where the hearing
and eyesight of children in senior infants (children aged 5-7 years) is tested. These
initiatives are important for monitoring trends over time and will allow for public
health planning. However, the systematic review (Chapter 3) highlighted that
efforts are needed to standardise the methods used between studies to allow for

increased comparability of prevalence data.

10.3.2. Preventative strategies and interventions

The recent Healthy Ireland initiative has set out to reduce the prevalence of
overweight and obesity in Irish children by 6% by 2019 [408]. In order to achieve
this downward distribution in the prevalence of overweight and obesity, a

population level approach to preventing overweight and obesity is needed. To date,
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Ireland has very few preventative strategies or interventions which target obesity.
To my knowledge, the Safefood childhood obesity campaign is the only population
based campaign currently tackling obesity in Irish children [411]. The Safefood
campaign promotes positive lifestyle behaviours including a healthy diet, portion
size control, regular physical activity, lower levels of screen time and adequate

sleep. However, the effectiveness of this campaign has not yet been quantified.

It seems practical to target all children rather than those who are susceptible to
becoming overweight, especially as risk factors such as parental obesity (Chapter 8)
are common. In addition, weak associations from ratio based data in epidemiologic
studies may translate into large absolute changes in the incidence of disease where
the outcome of interest is common [412]. Thus, it is essential that we tackle
predominant lifestyle behaviours associated with obesity along with wider

contextual factors.

This thesis suggests that we increasingly need to consider the context in which
obesity related choices are made to develop effective, sustainable strategies. This is
especially important as simple preventative strategies targeting diet and/or physical
activity, have not brought use closer to understanding how to reverse the obesity
epidemic [71, 362]. While individual lifestyle choices are associated with overweight
and obesity (see Chapters 5-7), wider environmental factors, particularly the shared

family environment (Chapters 6, 8 and Appendix 4), were associated with an
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increased odds of obesity. To date, in Ireland, preventative strategies which

consider the wider context in which obesity related behaviours occurs are lacking.

A number of suggestions regarding lifestyle, especially diet and physical activity can
be made based on the findings of this thesis. Firstly, promoting healthy eating
patterns by encouraging children to follow healthy eating guidelines may be an
effective means of tackling obesity. In addition, targeting specific aspects of diet
which are predominant contributors to obesity such as SSBs is important. Promoting
‘healthy’ foods consumed in low quantities by children such as fruit, vegetables and
whole grains may also be useful. For example, children who attend disadvantaged
schools in Ireland have lunch provided. Thus, incorporating more ‘healthy’ lunch
options such as fruit or whole grains and reducing the availability of sugary juice

drinks is worth considering.

Overweight and obesity children spent 20 minutes less per day engaging in MVPA
than normal weight children on week and weekend days. Reducing the gap in mean
time spent at MVPA per day could be made a target for policy makers. This is
especially noteworthy as the debate as to whether physical activity should be made
compulsory in schools in Ireland continues. However, as a gap in time spent at
MVPA was also evident on weekend days, the home and local environment should
also be targeted. Reducing screen time is also important as sedentary behaviour is

common in children.
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If obesity policies and strategies targeting lifestyle are to be effective, the complex
web of risk factors associated with diet, physical activity and obesity need to be
considered. In particular, the role of the home environment needs to be taken into
account as parents play an important role in determining child weight status.
Parental choices and the home environment can influence children’s lifestyle
choices and behaviours. Therefore, strategies need to tackle barriers to a healthy
lifestyle at a household or community level. The potential role of the local
environment in Ireland remains unknown and needs further consideration. Though,
food access was not an important determinant of BMI, other aspects of the
community may influence the risk of obesity. For example, increasing sports
participation in the local community may reduce household barriers to being
physically active. In addition, targeting the physical environment by increasing
connectivity, safety, lighting and cleanliness may increase walkability and physical

activity levels within the community.

Furthermore, the complexity and magnitude of overweight and obesity suggests
that multifaceted policies and strategies across many levels are needed [413].
Capacity building strategies are needed to utilise expertise from many sectors
including public health, education, media, agriculture and the food industry to
target obesity. Co-ordinated efforts at a community, organisational and government
level have the potential to target lifestyle choices and obesity. Regulation may be
one particularly promising area to tackle unhealthy choices. For example, increased

regulation in the food sector could target food production, food labelling and food
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marketing. SSBs taxation may also potentially reduce consumption of sugary drinks,
energy intake and obesity risk at a societal level [414]. Such measures could help

protect children against an unhealthy lifestyle.

10.4. Future research recommendations

Further research should focus on standardising methods and definitions for
measuring BMI in children. This would help increase the comparability of findings
across studies. Some longitudinal research on the determinants of childhood
obesity in Ireland is needed. The GUI Study is a longitudinal study and as further
waves of the data are made available, this will allow us to develop a deeper
understanding of determinants of obesity over time in Ireland. Further research is
also needed to understanding the interaction of risk factors across levels of
influence. In particular, research is needed to understand how different ecological
contexts (eg. local environment, school environment, macro environment)
contribute to diet, physical activity and obesity. There is also a need to design and
pilot obesity interventions which target both lifestyle behaviours as well as the

context in which these behaviours occur.

10.5. Conclusion
Childhood overweight and obesity prevalence has remained stable over the
previous decade. However, prevalence rates are unacceptably high with one in four

children either overweight or obese. This thesis has demonstrated that a complex
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set of risk factors are associated with childhood obesity. Diet and physical activity
are core factors associated with childhood overweight and obesity. However,
contextual factors, especially the shared family environment, are also important
determinants for childhood obesity. As risk factors for childhood overweight and
obesity are common, population levels strategies and interventions are needed. A
multifaceted approach to tackle the problem is needed to achieve a measurable
decrease in the prevalence of overweight and obesity. From a practical perspective,
tackling modifiable barriers to making healthy lifestyle choices at a home,

community or wider societal level is required.
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